
(§1 

fA .  

ORIGIN, HISTORY AND DEVELOPMENT OK 
CALCULATING MACHINES 

AMU 

THE ART OF PUNCHED HOLE ACCOUNTING 

to 

>'*lou*iing machine* are mechanical contrivance* doatgnad (o facilitate com
putation* lo relievo ihe calculator fr«m (he menial eirain ef hi* work end to incur* 
•it . i. greater accuracy in roeulia Calculating machine* eiiei m vartou* forma 
an' are now made In aueh perfection that ail important bualnmu houaee reaard 
(hem aa a normally and many acieniiAe computation* would not he made if 11 were 
•at for (he aid of ihaee machine*. 

. The eartloM known Inatrumeni of any Importano* i* the Ahaoua. The Abacue 
I* a simple device for Indicating numl>«rs in addition and auMractioa. ti **# in 
gammon uee among ihe anneal Oreeka and llamana and la Mill 10 he eeen in **•• 
«r<*i use m ihe K*r Bm. 

The Chine** lay claim lo (he invention of ih* a ha cue. tie uee hy Ihe Egyp 
||e> • ae e*rtly *» «*« li C i> definitely ans«rted hy t(er<>4oiua. ti waa probably 
h*1 by «be Uahyluniana and oertainly by U»* Ureoha and Homan* from whom II 
9>ra4 lo ell Kurope. || haa ealaled In vartou* forme (he knelled St Mora (he 
«hd board. Ih* pebble troy, ihe counter* and ihe frame of head* Th* la*t form. 
«fci< i. i* *nu it. uee, ia bno»B aa ihe Chinee* H«*a |»«n. ihe it., am an We holy, or 
lh° Japan*** Moroban The ordinary d««n Can conetei* of a frame divided lain 
ta<> sections, holding several parallel rod*, each conlelnlag aeverai movable be*4* 
• the t'hineee h wan fan. **ch be*d on Ih* hoiiom row m ih# right divieion r»p-
r'"'» °h# unit. and each on ihe hoiiom row of ihe left diviaion r*pr*«*«i* n.o 

t« Ihe neat higher row. ihe value of. each bead t* ten lime* ae greet aod 
ao en. 

<*harte* tlabbage of London. England. »ae probably the Aral individual la 
ferec**! ihe compulation of arlihmellcal calculation* by machinery HI* Am ml-
•uuiing machine, which h* called a "difference- or "aoelylicel engine- waa bmM 
Ifft «een ih* year* III* and I III It operated, after ihe manner of the "lamwH" 
Horn, from hole* punched In a card The card uead by tubbag* cealalned aa many 
fcaiea punched In a vertical column aa ihe number daeirod in record ffor tmrnpn. 
if i« waa deal red lo record a M« hole* in one vertical eoluma would he punched 

The original model of one of the Hire* ilebbeg* releulelMff machine* wa* 

Crchaaed from Ihe invenior In lit! hy a* American ruiaea for II•*.••••• ani 
naiad lo the Dudley Oboirvalory ai Albany. N. Y. 

Aeverai improved and dlMinriiv* type* of aula ma lie, mechanical and »t«crwal 

Caching, counting, sorting, tabulating and pnnilng machine hev* been developed 
raoourceful invenior* el nee the day* of Ha b bag*, noiabl* among whom waa Dr. 

•»rm*a Hollerith, lb* founder of ih* Tabulating Machine Company 

The Tabulating Machine Company. *uhaldlnry of ihe Iniemeuonal Me _ 
P'hihoe Corporation, i* the pioneer in Ih* manufacture and application of Tab-
pnng machine* AI ahoul Ih* completion of Ih* lenlh United p*tu r#r.s.* 

> (i > 10). Doctor Herman Hollerith, an *ngin#er who had won early recognition a* 
V • *o*pOo*Blly able naff atotaplkM MUMMu, rnaHand ih* n**d at mMhuataul 

•dition for team tabulation. Tor ihia |i arpaaa, P*g*r Hollerith devotapuA n 
P""1 which recorded danenpllve data for each Individual or each unit eg Inqulry. 
by punching hole* In Mnp* of paper and laler. In tarda. both of which ceatrv lled 
M*Mrsr*i mechanlama. la Ih* form of accounting or adding device*, either Marty 
*r in desired combination*. The Am practical uilltaallon of thi* machine and ihe 
Mechanlama dwleed for He application, wa* la Ih* lobulation of mortality MailMh* 
H ih* Ctly of Baltimore; and Ih# machlnae war* a loo uead hy the Itureau of Vital 
patlMloa of Hew Jareay and hy lha Hoard of Health of Hew Tork City. 

i Utad la 11. g A. 
h f f . f A » 7 - o  rage 1 



* •>,„ Tripvpnth United States Census 
At the beginning o£ the organization' of three of the most 

(1890) the Superintendent of Census PP make a practical test of all sys-
experienced statisticians in the UnitedI States with that census. 

0f tabulation that might be offered showed that three methods 
The report of this Commission (November S^^f^/^Xission reporting that 
were offered in competition and thor_ g fey wrlting on slips, and that tabu-

lahUnPgUbf eight times a* Sbir—rr.«=s£*,«».».« <«—« -»»< 
for the Eleventh Census. 

original key punch 

This machine had a perforated board, faring "pptung on the 
ia* hole which corresponded with tne s fi „er whose movement, 

Tabulating Card Over this key board swung an .index finger wh^ ^ 
after the manner of a pant°grap '.^as inserted was a split holder or receptacle 
underneath the arm in which a card ^inaerted,^ ^ wa down m 
Infof » in the Ct of the Punch, the corresponding hole was pun 

in the card. 

FIRST POPULATION TABULATOR 

After the cards were wl^eot°IccounUng Machtet"1 The 
which was the forerunner of our Prese ed on a hard rubber bed plate which 
cards fed into this machine by h^n<L ldPes in order to assure the cards taking 
was provided with suitable 'turned with a series of holes or cups 
their proper positions. The be p holes which could be punched in a 
corresponding in size and number to aUth^ horns ^ number of h le as the 

^be^haT^d be°punched in a ̂  * 

^unc^fd^ard'ontheTd'pS£ there would always be corresponding holes un er-

Each hole in the bed plate was.^in ^ good'ele°ctricalUPconductor. 

anism of the Tabulator. Above the bed pia "contact point conforming in 
of projecting spring-actuated contact po^ , mercury cup. When a card was 
position with the center of the correspon brQUght down by hand and these 
placed face up on the beVtu™u*h the punched holes into the mercury filled cups 
contact points or pins went thr°ngh the Pun ^ looatlon of the hole punched n 
and formed circuits corresponding to the g the plns were merely 
each column on a card^ Wher^to the spring actuation. 

they&wentPback to their normal position. ^ pre_ 

The circuits, which were To'tabulate 

rnTo r̂̂ rê  
for specific counters with the oorreBpiend ig ^ puU dQwn the handie on the 
cards singly on the plate unde results for each card were added to the 
right hand side of the machine a:ndth.e^ress^ ^ cardg ghowing directly on the 
preceding ones, the accumulated thus recorded at any one operation was 
counter connected. The numDer , 
only limited by the number of counters used 

, x_i vtv the Census Bureau, was supplied 
The original Tabulating Machine ^ card passing through the 

With a series of dial counters adding connected with an individual mercury — S—. •» «•»">»« " th  """" h°" 
i the card. 
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Each Census Card was complete In Itself. Amount* or euma were not added 
os this machine but a great number of Individual classes of Information was auto
matically separated Into groups. dependent upon the location of the holes In the 
card, and aooumulated on the various counters. 

The speed of this machine was entirely dependent upon the operator and the 
rapidity with which cards were placed on the bed plate and the handle pulled 
down. An averaae speed of approximately 60 or 60 cards per minute was con
sidered good. 

FIRST COMMERCIAL TAlll'IATOH 

The use of Tabulating Machines on population statistics presented the need 
of other mechanical devices for compiling agricultural, manufacturing and simitar 
elasxrn of data which required the adding of quantities or amounts. To accomplish 
this, a so-called "Integrating Machine" was developed which would accumulate or 
add digits ranging from 1 to # In each column, the accumulating being determined 
by the location of the hole In the card. This machine In so far as the placing of 
the cards on the bed plate, the pulling down of the handle, the removing of the 
Tabuiutlng Card and the placing thereon of a new card were concerned, followed 
the same method outlined for the Population Tabulator. Its operation was, like
wise, electrical but It was considerably different In appearance. 

As a result of the latter typo of Tabulator, Punched Hole Accounting was 
adopted In railroad, Insurance and commercial circle* and has since developed Into 
virtually all lines of commercial and Industrial activity Including Federal, Stat* 
and Municipal Governments. Manufacturing and distributing concerns of national 
and International prominence use the art of Punched Hole Accounting for com-
piling the cost of good* manufactured, for distributing their sales and for deter
mining profits by territories, classes of goods salesmen, agencies, etc. 

/ \ In general, the principle of Punched Hole Accounting Is represented In prac-
tr y tlcally every Industry and Tabulating Machines are used wherever figure-facts 

are called upon to assist In directing the operations of a business. 

The foregoing is a brief but accurate resume of the early development of 
Punched Hole Accounting. 

SPECIMENS OF IIAKIO TAHIT,ATI NO CAIU>S 

The mechanism* presented were those originally devised for use In the prac
tice of Punched Hole Accounting, but the unit which ha* made the operation of 
these machines both practical and successful I* the commercial Tabulating Card 
which was originally designed for 17 columns on the short cards and 17 columns 
on the long cards, and later. In order to Increase the capacity of the card, the short 
card was Increased to 16 column* and the long card to 46 column*. These latter 
oard* are still used, the one containing 46 columns being of greater value on ac
count of Its almost unlimited capacity to meet all requirements. While the num
ber of columns on the cards was changed to Increase the recording capacity, the 
else of the cards, however, remained the same. 

Please notice that these cards are still used In the same sites as originally 
adopted. Indicating how well and on what a solid found«tlon of reason Doctor 
Hollerith's ^ork was based, as after years of practical experience, we are still ualng 
the name site cards that were used In the early days with the hand machines when 
them were no precedents to follow and practice was built step by step. In estab
lishing the principle of Punched Hole Accounting. 

fttsttd In c.s A. Page I 
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REFERENCE MANUAL 
MOTORS AND GENERATORS 

M O T O R S  A N D  G E N E R A T O R S  
GENERAL INFORMATION 

Motors and generators play an important part in the operation of IBM 
Accounting Machines by providing independent 0P«a^°n 

chine unit With the emphasis upon machines capable of independent 
deration, each m^Thine is equipped with a drive motor and in many cases 
with a motor-generator set. Many sizes of fractional and full horsepower 
motors ®re used These motors are furnished on all machines to conform 
with the voltage, frequency, and phase specifications. , , , 

To maintain these units properly, the customer engineer should con
centrate his efforts primarily on the following items: starting switches, 
capacitors, commutators and brushes, and bearings. . .. armature 
for the customer engineer to undertake such jobs as rewinding an armature 

or field coil. 

Sentinel Breaker Switch Figure 1 
All motors are protected by sentinel breaker switches. These switches 

differ from a standard toggle switch in that they automatically th 
switch to OFF or the open circuit position when an overload occu . 

The overload sensing element serves as a latch for the fulcrum of! the 
toggle This sensing element is made of two strips of metal tended 
f-oveth'er The two metals expand at different rates when heated and 
causae JmetaTstrap to bend. The heating element is made of resist
ance wire and is mounted alongside the bimetal strap. 

When the machine draws an overload for a time the bimetal strap 

an l̂S'̂ r'SL?£, SWT. geabl^and 

switch may then be turned ON. 

Thermal Fuses'.(Fusetrons) 

For some types of loads, fuses do not pro
vide satisfactory overload protection for the 
equipment. An example of this is motors. 
VA horsepower motor which has a full load 
running current of about 5 amperes may 
require as much as 20 amperes starting cur
rent. A fuse rating of at least 15 amperes is 
required for starting. A 15 ampere fuse, how
ever, would permit the motor to be seriously 
overloaded continuously without approaching 
the point where the fuse link melts. For pro 
tecting motors, then, some type of thermal 
fuse is desirable. This fuse will accommodate 
large overloads for short durations, but will 
blow at a small overload when subjected to it 
for a longer period. The construction of a 
thermal fuse is illustrated by Figure 2. 

Heating 
Element 

Soldered 
Junction 

Fuse Metal 

Figure 2. Thermal Fuse 
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Sealed sleeve bronze bearing 

Grease 
Cup 

Wool packed bronze bearing 

Figure 3. 

Ball bearing 

Bearings 
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In case of a direct short circuit, the fuse link blows as in a common 
fuse and when subjected to a steady overload the heater unit gradually 
heat's the soldered junction until the spring pulls loose the fuse link, thu 
opening the circuit. 

^wo^ general types of bearings are used in motors; ball bearings and 
bronze sleeve bearings, (Figures 3A 3B and 3C) The " "^ 
pressed on the rotor shaft. If these bearings are keptpoperiylubncated 
they should seldom require replacement. However, i1 it is'pessary b 
replace a ball bearing, and if a press is available, the bearing may be 

rePThfbron?eesfeeeve bearings require line reaming. Since such facilities 
are not generally available, it is not advisable for the customer engineer 
to replace this type of bearing. 

L u b r i c a t i o n  .  
Proper lubrication and cleaning provide the best preventive mainte

nance Lubrication is generally provided by one of two methods, either 

WOOMotaoCrksedwi0th ballSb°eraringrear:UpPrSovided with grease cups or removable 
bearing caps closed with pipe plugs. One full turn of each cup is'recom
mended for each 2 to 6 months of normal operation eight hours per d y. 
The manufacturer's notice on the motor will indicate what the period 
should be. The grease in the bearing caps equipped with pipe plugs 
fFivure 1 fij should be renewed every two years. . 

Motors with bronze sleeve bearings are provided with oiI cups or^ball 
"naincr tvne oil wells Four drops of IBM lubricant 9 in each end bearing 

cup ^r montb ^or machines under a normal eight-hour day operation is 
T->A*A A little oil reeularly each month is preferable to a larger 

omo the starting switch or field windings Grease and oil cause deteriora-

S'oS The 

• Z Dbt on the starting switch points will cause failure to start. '£££== 
also short commutator ®eg ^ the mot0r windings prevents proper 
run slowly and overheat. h t:n_ Overheating may cause breakdown 

of "the'^insidatio^iS and 'result in *£t circuits which will burn out the 
winding. 

^ T h ' t l d ; o f  .  

Re„rXe'«« T.V.1" hel»P "e 
" iU, opmen. 6'̂ S chtcVm̂ torsSlaCrg"rP than H horsepower, it is advisable 

t0 The^eldTan'A.C. motor should be checked with an ohmmeter to 
, r ii _„:i Cn-nnpct the ohmmeter across the field coil leads, 
detect an open field coi . ohms value, the circuit is complete 
If the ohmmeter shows a drop in the , j ^ c;rcuit js 
through the field. If the ohmmeter does not show a drop, the circuit 
open. 
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Reversing Rotation 

change the rotation but not the polarity, it is necessary to reverse 
either the field or the armature leads. If both are reversed, the direction 
of rotation is not changed. 

To change the rotation of a three-phase motor, reverse any two of the 
three wires at the junction box. 

Heavy Duty Relays 

• ^ heavy duty relay armatures should operate freely. The points 
should be properly aligned and clean. 

Excitation of D. C. Generators 

When starting up, a generator may fail to excite itself. This mav 
occur even when the generator operated perfectly during the preceding 
run. It will generally be found that this trouble is caused by a loose 
connection or break in the field circuit, by poor contact at the brushes due 
L an ™2TUtat°/' 0r perhaps by a fault in the shunt resistor. Exam-
nWW ' • y a temP°ranly increased pressure on the brushes-
an ohmmetenr.°Pen ^ resist°r: test f°r a" open field co™wfth 

,f,f, everything appears to be correct and the generator still fails to 
q. • up' cause may be lack of residual magnetism in the field Doles 

nehtizenieafieM ^ shunt fieId wiU usuaflym^ neuze the held. If this fails, however, connect a test light, plugged into 

A.C. MOTORS 

Figure 4 shows the essential parts of an A.C. motor. 

Capacitor 

Starting Switch 
Contact-

Armature 

Centrifugal Starting 
Switch (operates Contact) 

Run Winding 
(Heavy Wire) 

Start Winding 
Mounting Plate (Light Wire) 

Figure 4. A. C. motor 
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Starting Switches 
A single winding on a single phase induction motor would exert no 

turning force on the rotor. Therefore, a secondary stator winding or a 
wound armature must be used to obtain the revolving magnetic field 
necessary to provide starting torque (Figure 5). When the speed of the 
motor reaches 70% to 80% of normal, this secondary winding which pro
duces a false second phase is cut out of the circuit by a centrifugal starting 
switch and the motor runs on the single winding. 

Most A.C. motors used on IBM equipment are of the capacitor or split 
phase type rather than the repulsion induction type which requires a 
wound armature. 

The starting switch consists of a set of contact points and a throwout 
mechanism which operates by centrifugal force to open the points when 
the rotor approaches its rated speed (Figure 6). 

The points of the starting switch may become dirty, may fail to close 
or fail to open. In the first two cases the motor will fail to start, while in 
the latter case the motor will run hot and eventually burn out the starting 
winding. The starting winding is a finer wire which is designed to carry a 
current for only a short time. The start switch may in some cases be 
visually checked without removing the end bells of the motor. On other 
motors it is necessary to check it with a test lamp or to remove the end 
bells. 

To test the operation of a starting switch: 
1. Test for power to the motor leads. If there are heavy duty relay 

points in the circuit, they must be held closed. 
2. Remove the cover over the capacitor. 



Switch Mounting Plate 

Stationary Contact 

Operating Contact 

_ Centrifugal 
Starting Switch 

Figure 6. Starting switch 

# 

Figure 7. Starting contact (normal position) 
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Contacts 
Open 

3. Remove one wire from the starting capacitor. 
4. Short the male terminals on the base of the test light together. 
5. Connect the test light so that one lead is on the wire which was 

disconnected from the capacitor and the other lead is on the capacitor wire 
which remains connected to the motor. Turn on the main line switch and 
depress the start key. When the motor starts, the lamp should light. When 
the motor reaches operating speed, the light should go out. If the lamp 
fails to light when the start key is depressed and the motor relay is ener
gized, it indicates that the points of the starting switch are probably dirty 
or sticking open. An open circuit in the start winding would give the same 
result; however, open coils occur much less frequently than starting switch 
failures. If the lamp continues to glow after the motor gets up to speed, 
it indicates that the switch is sticking and remains closed. The point in 
some motors may be cleaned and adjusted through a hole in the underside 
of the end bell. For other motors, it may be necessary to remove the end 
bells to clean the point or to adjust the switch operating mechanism. 

If a starting switch must be replaced: 
1. Remove both end bells and rotor. 
2. Remove switch mounting plate. 
3. Disconnect wires and remove defective switch mechanism. 
4. Install new switch. Set switch end bell on table and place rotor 

shaft in bearing. Check to be sure that the fingers of the switch close the 
contact when in normal position (Figure 7) and allow the contact to open 
when the throwout mechanism is moved to its extended (running) position 
(Figure 8). 

Figure 8. Starting switch (running position) 
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Figure 9. Source of 110V direct current 
Testing a Capacitor 

is rt0r WiU fail tD start if 1116 capacitor (condenser) 
* li l l- f 6 m°-°r C°n5inues to run after ^e shaft is spun by hand 
in the direction of rotation with power on the motor, the difficulty is either 
m the capacitor or start winding. Caution: Remove the belts before 
turning the motor by hand with the power on. If the capacitor is defective 
substituting another capacitor will remedy the difficulty. The capacitor 
sorting6 torqueWI g 9° °Ut °f PhaSC WiA the run to provide 

To test a capacitor, proceed as follows: 
1. Disconnect the capacitor leads. 
2. Connect the test light to a source of 110 volt DC (If no DC 

is not available from an outlet, it may be obtained at the fuse block of the 
SreW9r U0 VOh D C' fr°m 1116 reCtifier ente" sorting circuits 

. ,3,\ 0̂I?necut the test light leads to the capacitor terminals. The light 
should flash when the terminals are touched. If the test liaht 
glow, the capacitor is shorted and should be replaced ® continues to 

4 Disconnect the test light leads and hold one end of a wire against 
one terminal of the now charged capacitor; move the other end of the whe 
toward the other terminal of the capacitor. When the end of the Z\ 
almost touches the other terminal of the capacitor it should disrh • u 
an arc (Figure 10). If there is no arc, itTndicates the canacitnr df WIth 

take a charge and is therefore defective. It is assumed that the 68 -not 

wiU be discharged immediately; otherwise, the charge will leak off^nd"^ 
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Figure 10. Discharging a capacitor 

Two and Three-Phase Motors 

Two- and three-phase motors have no capacitor or starting switch. The 
only care required is regular cleaning and lubrication. 

The following section is devoted to additional information concerning 
specific machines for which additional removal procedures are required. 

D.C. MOTORS 

Commutators and Brushes 

All D.C. motors and generators employ a wound armature, a commu
tator, and brushes (Figure 11). A commutator is perhaps the most impor
tant feature in a motor or generator as it is the most sensitive to abuse. 
For satisfactory operation, the brushes and commutator of a generator must 
be kept in good condition. Under proper operating conditions the com
mutator should run smoothly and true with a dark, glossy surface and 
without excessive heating. To keep these parts in good order, the main 
thing to guard against is excessive sparking at the brushes. 

Sparking at the brushes may be due to various causes. These causes, 
some of which are listed below, apply to the motor as well as the generator. 

1. The machine may be overloaded. The overload may be due to a 
ground and leak on the line, or a dead short-circuit which should cause the 
fuse to blow or the sentinel switch to trip. 
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Armature 

Field Coils Brushes 

Figure 11. D.C. motor 

2. The brushes may not be set exactly at the point of commutation. 
This is set at the factory and should not require changing unless they have 
loosened and shifted during shipment or have possibly been bumped. This 
can be corrected by moving the rocker back and forth until sparking is at 
a minimum. 

3. The brushes may be burned on the ends. If they are badly burned, 
the brushes should be replaced. 

4. The brushes may be sticking or wedged in the brush holder. The 
brushes should be kept free from binds and the brush holder should be 
kept clean of carbon dust and oily deposits. Before a new brush is 
inserted, it may be filed lightly to remove any roughness which might 
cause a brush to stick in the holder. 

5. The brushes may not be fitted to the surface of the commutator. 
The brushes may be properly fitted to the commutator surface by the use 
of the brush seating stone. This stone is pressed lightly against the surface 
of the commutator until it powders slightly. It has abrasive qualities which 
cause the brushes to wear to conform to the surface of the commutator. 
When brushes are removed, mark the direction of the bevel and the position 
of the brush and be sure to replace the brushes in the same position and 
with the bevel in the same direction as it was before the brushes were 
removed. 

6. The commutator may be rough, dirty, oily, or worn out. A com
mutator may be smoothed and cleaned with fine sandpaper (5-0 or finer) 
Never use emery cloth. Emery dust is a conductor and will cause shorts 
between the segments of the commutator. As one segment becomes shorted 
with another, the motor runs slower and hotter. For the same reason oil 
and drnt should be kept from between the segments of the commutator 
II the space between the commutator segments becomes filled and dirt piles 
up on the surface of the commutator, the brushes will bounce. The com 
mutator becomes blackened and low spots form from continual sparking 
if the brushes wear a deep slot in the commutator, the brushes mav bind 
on the sides of the slot and bouncing will result (Figure 12). 

brus7hesTneeceCsasabryn  ̂  ̂ t6 unsuitable- makinS a change of 
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Figure 12. Brushes binding on commutator 

8. If the mica insulation between the commutator segments projects 
above the segments, it will cause the brushes to spark (Figure 13). The 
mica should be undercut to eliminate this condition. The saw edge of the 
chute blade cleaner makes a satisfactory tool for cleaning between the 
commutator segments and for undercutting the mica. The commutator 
should be checked at least once every six months. It is advisable to remove 
the brushes before the armature is removed from any motor or generator. 

9. Open circuits or loose connections in the armature. This condition 
may be recognized by a bright spark that appears to pass completely 
around the commutator. 

There are two general kinds of sparking that can be readily distin-
guished. One kind of sparking, due to bad adjustment of the brushes, a 
short circuit, open circuit or ground in the armature, can be identified by 
the bluish color of the spark. This spark is small when the brushes are 
near the neutral plane, and increases in size and brilliancy as the brushes 
recede from the correct positions on the commutator. 

Sparking due to a dirty commutator can be identified by the reddish 
color of the spark and a sputtering or hissing sound. 

Armature 
The easiest method of checking for an open armature coil is by obser

vation. If an armature has an open coil, a bright blue spark will appear 
at the brush at the point where the open coil exists. 

Figure 13. Commutator 

Undercut 
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Resistor 

Figure 14. Control resistors 

ALPHABETICAL ACCOUNTING MACHINE, TYPE 405 

D.C. Generator 

sideTof Supper base" ^he generatofo^^68 " 7lted t0 *»* ™d< 

SKc-ST " ̂  ™ 
ta JnW° S6tS °f brUSh6S 316 USEd in both ™dels to assure good comm 

to decrease voltage output, increase the resistance (Fi^re 14). ***** 

Corrective Methods 

removredra0Lmovaro7thPer0aTmUataSr'e tloneTs^sufficfe'nt''to^all"66'1 "0t be 

bearings, commutators and brushes. to allow access to 
To remove the armature: 

2 llZT°Vl thre belts and belt tightener pulley bracket 
3' ft iT J m SCr6WS from ^ fr°"t end belh 

When the bmshes are remTed^ S", fT Vi"g armat™-
to replace the brushes wi£ 7e bevel i!7 '°n 7 ̂  bevel and be ™re 
before the brushes were removed. relative position as it was 
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Spring 
allows 
retracts 

Spring Tension causes 
brushes to project 

Figure 15. Replacing generator brushes 

4. Pull the armature out from the front of the machine. 
5. Remove the rear end bell; the brushes and grease cup are readily 

accessible for cleaning. 
6 .  The old grease should be cleaned from the bearing and replaced with 

new IBM lubricant 21 approximately every two years. Fill the bearing 
housing approximately half full. 

7. All carbon and dust should be cleaned from the entire generator 
with a brush and a cloth. 

To replace the armature: 
1. Be sure the brushes are removed from their slides or that the spring 

tension is relieved by placing a spring hook or rubber band beneath the 
brush tension spring. See that the brushes are pushed back in their slides; 
otherwise, the commutator will jam against the brushes and damage 
them (Figure 15). 

2. Replace the rear end bell. 
3. Check from front to be sure that all wires, brushes, etc., are out 

of the way of the armature, and that the brass shims are in the bearing 
housing. 

4. Place the armature into the motor housing, being careful to align 
the bearing with the bearing housing. 

5. Replace four screws in the front end bell. 
6. Replace brushes in position. 
7. Replace the belt tightener pulleys and belts. 
If a direct short occurs across the generator, the load will be excessive. 

The motor will draw an extra heavy current and will cause the thermal 
element on the main line switch to trip. 

Changing the Polarity of a Generator with a Self-Excited Field 
At times it may be necessary to reverse the polarity of a generator to 

make it conform to the polarity of an auxiliary machine, as in the case of 
a Type 405 and a Gang Summary Punch designed for independent operation. 
The relays of both machines must operate with the same polarity to prevent 
short circuiting and blowing fuses. 

1. Disconnect the F generator lead either at the shunt resistor in the 
fuse box or at the motor terminal plate. 

2. If 110 volt D.C. is available, place a 40 watt bulb in the test lamp 
and connect to 110 D.C. Connect one lead of the test lamp to the F lead 
and touch the other momentarily to the L lead either at the bus in the fuse 
box or at the motor terminal plate. 

If 110 D.C. is not available, connect one wire to each of the positive 
and negative sides of the 40 volt generator on another machine. These two 
wires may be connected momentarily to the F and L, leads of the 405 gen
erator. The A and F leads from the motor binding posts 7 and 8 are 
reversed from the notation on the blueprint. The F lead goes to the sliding 
contact and the A lead goes to the stationary contact. 
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3. Test with voltmeter for polarity 

- p ° " " i , y -  c " « k  £  »"! 

D.C. Motor 

A one-horsepower motor is used. The shunt fielrl • j 
control the speed. It is placed above J fusf^ Figur^W 

?e êr/sv  ̂ssr 
its points shunt out the start resistor. The start resistor is 

WBp"e 1?) P°" Pa'ld °° tl'f l!'W" ta'Me lhe r'ght end relay ga°t" 

.. aeta.~e
rV,aS'«°f,trff re3ed "» ™~ -"»« 

A.C. Motor 

A one-horsepower motor is used on the Type 405 There is o „„ .. 

m M ™ p ' d , y - T h a ™ " • »  
The Westinghouse motor uses only a start capacitor. 

AUTOMATIC REPRODUCING PUNCH, TYPE 513 

Motor Generator Sets — Figure 16 

Specialt^ComjTany1 mo^e?s°W " the Westi"^ouse and the Electric 

Cabot,eWestiSLTe°andedDdctSon°W " manufactured by Holtzer-

Combination 

Remove cap to 
renew grease 

Vertically Mounted 

Figure 16. Motor generator sets 
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Lubrication 
All motor generator sets on the 513 use ball bearings which require IBM 

lubricant 21. The bearings should be checked once every 6 months. 
To check the Electric Specialty combination set, remove the four screws 

from the bearing cap and remove the cap. The cap should be approxi
mately half full of grease. 

To check the Westinghouse combination set, remove the end plug and 
check the bearing housing. It should also be at least half full of grease. 

Corrective Methods 
If the generator fails to provide the proper current, the following pro

cedure may be followed: 
1. Check the motor to see that it runs. 
2. Check the variable resistor in the field circuit of the generator for 

an open circuit. 
3. Check the brushes; see that they touch the commutator and have 

good tension. 
4. Check the surface of the commutator for wear, dirt and oil. 
5. If the generator fails to "build up" and everything appears to be 

correct, the cause may be lack of residual magnetism in the field poles. 
Shorting across the 50-ohm variable resistor will usually remagnetize the 
field. However, if this fails, connect a test light plugged into D.C. in series 
with the F and L (common) leads. Use a 60-75 watt bulb in the test light. 

Standard 405 motors and generators are used in the vertically mounted 
models. The care of these is covered under Type 405 Motor and Generator 
care. If the motor fails to run, check the fusetrons in addition to the cor
rective methods given on page 14. 

A direct short across the generator will cause the input circuit to open. 
This circuit may be controlled by a thermal element or fusetrons. 

Drive Motor 
The drive motor used is the same type of motor used for the sorter. 

However, the capacitor used on the A.C. motor is a larger one than that 
used on a sorter motor because the Type 513 is required to start so fre
quently. The windings on this motor are glass-insulated to withstand a 
greater heat generated by frequent starting. 

AUTOMATIC MULTIPLIER, TYPE 601 

A.C. Motor 
The 5^2 horsepower motor, either A.C. or D.C., is used. The motor and 

generator are located beneath the upper base. 
This motor runs counter-clockwise facing the end opposite tms shaft. 
The A.C. motor used previous to 1939 runs at 1640 R.P.M. The motor 

now in use runs at 1725 R.P.M. If the motor is changed from 1640 R.P.M. 
to 1725 R.P.M., the pulley must be changed. 

D.C. Motor 
The resistors between Aj and Fx in the shunt field are for speed control. 

An increase in resistance will increase the speed of the motor; a decrease in 
r e s i s t a n c e  w i l l  d e c r e a s e  t h e  s p e e d  o f  t h e  m o t o r .  . . .  

The capacitor across the motor brushes is provided for radm interference 
elimination. 

Generator — Figure 17 
This generator is designed to supply 78 volts A.C. and 48 volts D.C. 

There is a single common field winding and the two armatures are wound 
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D. C. Commutator 

A. C. Slip Rings 

A. C. Brushes 

D. C. Brushes 

FiiUre 17' Generator—Type 601 Automatic Multiplier 

andtheg7een ™re frTT, th C0I'S' ,The red wire <F> is the field lead 

(G) and field (F) leads are boT îred tole samtsidTot Z 

anlsmTnCtth?racL^fs,Ltinehd%™rrh °f ^ ̂  ̂  PU"Ching mech" ^ 
designated "D.C." on the wiring diagram6 COmmutator end of the generator, M) 

othefIlendao1nfhrrennekS"o?PlyTWs0sboained 1'°™ SHp "ngS located in the 

"A.C." on the wiring diagram ^ °f CU'Tent SUpply is designated 

for one complTe'/c^ave p^cvcle^ Ft "Jachin.e. is arranged to provide 
wave is used for en^r-7 1? y pomt of machine operation. An A.C. 

and column shift plfte'mametT1"^Thl"^"6>' multiplrinS Plate magnets. 
attmtgcd „ ptovidc ptopS Sg rl^'S'^Tc"" *" 

To time the generator to the machine: 

HnglW^maS Ttl̂ nTm t̂n^Un  ̂fl6XiblE gCnerat0r C°Up" 

2. Turn the generator until the mark —/— for red naint i;„„1 ?™ru*" •• *iisned ««»•*«WirSc 
r h^T.srtss shc";*:r -—•» «• 

The generator is designed to operate at 2400 RPM 
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The A.C. brushes are fitted with the curvature on the long face (Figure 
17). The D.C. brush is fitted with the curvature on the short face. 

Both sets of brushes must be removed before the armature is removed. 
If a short circuit appears across either the A.C. or D.C. line, it will cut both 
the A.C. and D.C. output to a negligible value. 

ELECTRIC ACCOUNTING MACHINE, TYPE 285 

All 110 volt Type 285 machines require a drive motor and a reset motor; 
220 volt machines require a dynamotor in addition to the drive and reset 
motors. 

All the motors used on a Type 285 require D.C. 

Drive Motor 

The drive motor must operate at two different speeds for list and non-
list operations. This is accomplished by varying the resistance in the shunt 
field of the motor. When the resistance is increased, the speed of the motor 
is increased; when the resistance is decreased, the speed of the motor is 
decreased. The motor operates at approximately 900 R.P.M. on list speed 
and approximately 1700 R.P.M. on non-list speed. 

The Dynamotor—Figure 18 

The dynamotor is used to convert from 220 D.C. to 110 D.C. A single 
common field winding serves for both the motor and generator armatures. 
The dynamotor requires the same general care as D.C. motors and genera
tors. Refer to the corrective methods summary chart for additional infoi-
mation. 

Figure 18. Dynamotor—Type 285 Electric Accounting Machine 
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Figure 19. Motor generator—Type 801 Proof Machine 

PROOF MACHINE, TYPE 801 

mo,o,T,y bVTtherTc'TSc "°° Ty« 801 >»• T>« 
D C. !„ operation of relays ££ »»' » to 40 

Lubrication 

be SrtTSffcrt"ofS'iSS;IBM ';bT*",' 15 Th= bousing ,h.„,d 

A.C. Motor 

requires n^apadtor" °f motor ^ich 
Figure 5. he AC" motOT has a storting switch as shown in 

D.C. Motor 

machine. h°rSepower D c- ™°tor is used on the motor-generator of a D.C. 
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A. C. Motor 
Armature 

Bronze 
Worm Gear 

Ball Adiustment for 
end play in this end 

Generator 
Commutator 

Drive Housing 
Extension 

D. C. Armature 

Figure 20. Drive mechanism—Type 801 Proof Machine 

Drive Mechanism — Figure 20 
The motor drives a worm and gear power unit which furnishes motive 

power to the machine. The lubrication of this worm gear is very important. 
There are three grease seals in the unit. If grease leakage becomes pro
nounced any or all of the seals may be replaced. 

The worm gear is keyed to the shaft. This worm gear may be replaced 
most easily if the motor generator set is removed from the base. 

To Remove the Motor Generator Combination 

1. Loosen the two inside mounting screws. 
2. Remove the two outside mounting screws. 
3. Remove the two generator wires from the fuse oc 
4. Remove the cover over the BX cable terminal box. 
5. Remove the solderless connectors from the motor leads. 

6. Loosen BX cable clamp at terminal box. . 
7. Slide motor generator assembly to the left far enough to disengage 

the flexible coupling and raise assembly to relieve tension from the chain so 

that it may be removed. . r . . 
8. The motor generator set may now be removed from the front of the 

3 To^emove the bronze gear after the motor generator has been removed 

hom the machine. ... ,. _ . f. 
L Loosen screws and remove flexible coupling from shaft. 
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the extension^ ^ f°Ur SCreWS from 41,6 riSht housing extension and remove 

3. Remove the screws from the left side of t, 

IF i; is « SS —* FZ'"E **• 

housing^ (This coveMsnsLledet?Csing wfth'cemenO WOrm *** °Ut °f 

worm shaerve ^ C°tt6r key from castellated nut on the end of -he 

J RAND SPACER FROM 016— 
key and worm gear removed. uorm may be forced from shaft and the 

be retired :the m°t0r gen6rat0r armatu»= shaft these additional steps w.ll 

position so that theybmay" e'pmperly replaTeT' ^ generator- N°te the 

from the motor end bell. SCrews from 1116 generator housing and four screws 

motor and generator. Thes^are'fasf'^H""6" the two fieId coils of the 
taped. One connection is made on ^tide0^' With a bolt and 
has no field wire connection betweent t; anH The A C-

4. Remove the generator field housing 
5. The armature and worm <!haf+ 

and the worm gear may be removed from (h^sh^r"6'1 ^ asscmbly 

— Bronze 
Worm Gear 

— 

Steel 
Worm Gear 

F'^Ure 21 • ^nmenf of drive gears 
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A r m a t u r e  E n d  P l a y  

In the end bell of the generator there is a ball bearing and screw adjust
ment by means of which the armature end play may be adjusted. This 
bearing requires IBM lubricant 21. The armature shaft should be adjusted 
for .003" end play. 

When replacing the worm gear, be sure the center line of the bronze 
gear and the center line of the worm gear line up (Figure 21). These gears 
are placed at an angle of 90° to each other. Shims on either end of the 
worm shaft provide an adjustment to obtain this condition. A simple means 
of determining when the center lines of the gears are aligned is to assemble 
the unit as nearly in alignment as possible by sight. Then listen to the 
gears when they are running. The point at which the gears make the least 
noise provides the best alignment. This should be checked without the 
chain. 

The drive shaft coupling should be so aligned that there is no perceptible 
wobble in the drive housing extension (Figure 20). This alignment is 
obtained by shimming beneath the motor generator. 

P U N C H E S  A N D  V E R I F I E R S ,  T Y P E S  0 1 6 , 0 3 1 , 0 5 2  

The punch motor is a 1/60 horsepower series-wound motor. The motor 
is rated as a universal motor; however, the armature used on the A.C. motor 
is wound for 100 volts and the armature used on the D.C. motor is wound 
for 110 volts. Therefore, a motor with a 100 volt armature will run fast on 
D.C. and a motor with a 110 volt armature will run slow on A.C. 

The part number for a 100 volt A.C. motor is 167750. The part number 
for a 110 volt D.C. motor is 102437. The part number for a 110 volt arma
ture is 280296. 

B r u s h e s  a n d  C o m m u t a t o r s  
The brushes and commutators will require the most attention. The 

brushes should be free in their holders and should make good contact with 
the commutator. 

The brush caps should not be tightened excessively. Excessive tight
ening will result in breaking the caps. 

There are two styles of brush caps for Westinghouse motors. One style 
has the threaded portion made of brass and the other style is made entirely 
of bakelite. 

P R I N T I N G  P U N C H E S ,  T Y P E S  0 3 4 ,  0 3 5 ,  0 3 6  

M o t o r  
A 54 horsepower motor is now used on all printing punches. The ]A 

horsepower motor replaces the 1/6 horsepower motor to eliminate overload
ing and overheating. This motor is the same type of motor as that which 
is used on the sorters and requires the same care for maintenance. The 
rotation is counter-clockwise facing the end opposite the shalt. 

Generator 
A 110 volt compound wound generator is used to supply current for the 

operation of all relays and solenoids in this machine. The output of the 
generator may be varied by the resistor in the shunt field. 

To increase voltage output, decrease the resistance; to decrease the 
voltage output, increase the resistance. 
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Figure 22. Fully enclosed motor 

FACSIMILE POSTING MACHINE, TYPE 954 

a fully enclosed motor can be used (Figure 22) sPecificat'°™, and only 

The end bells must be removed whpn • j , 
of any part of the motor. desired to make an inspection 

COLLATOR, TYPE 077 and INTERPRETER, TYPE 552 

Motors 

The Type 077 and 552 machines use the same mm i_ 
rotation is counter-clockwise facing the end oooos,>e ri. ^ r S°rter' The 

methods for these motors will be the same as those ^ a '. Correctlvc 
D.C, motors. 3 those found under A.C. and 

Generators 

Belt-driven generators are now being used on these machines. 

There are two models of the belt-driven venerat-m • 
generator, part number 192677, and the Westinvh™?. "Se: ^ IBM 

generator shaft is i/2" i„ diamto and & "'r IBM 
S/S m diameter. If venerators are inwi, j , generator shaft is 
also be supplied. generators are interchanged, the proper pulleys must 
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Armature 

Brushes 

Thermal 
Switch 

Thermal Switch 

Figure 23. Drive motor-Type 805 Test Scoring Machine 

TEST SCORING MACHINE, TYPE 805 

A combination motor and drive ^^'horsepower universal type, with 
machine (Figure 23). The motor is 1/ orotected from overload by a 
a rated speed of 7000 R.P.M. The moto P mot0r if the machine 
thermal switch. This switch opens the ̂  %ion. 
jams or the motor becomes excessively 

Lubrication 
• u rontains IBM lubricant 9. The 

The worm gear runs in a housing w ;s lubricated with IBM 
toggle drive gear in the top of the same housing 
lubricant 21 packed around the shaft. 
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Corrective Methods 

If the motor fails to start: 

1. Check for power to the motor. 

2. Check to see that the thermal switch is latched. 

3. Check the motor brushes. 

4. Check for binds in the operating mechanism by turning the armature 
by means of a screwdriver. 

5. Test for an open field coil with an ohmmeter. 

The field may be removed while the unit is in the machine: 

1. Remove the motor brushes. 

2. Remove the four screws from the rear bearing bracket. (The 
bracket is matched to the housing and doweled with the bearing in align
ment. Be sure to replace the bracket so that the numbers stamped on it 
appear on the right side of the motor housing.) 

3. The field may now be removed from the assembly. 

The motor and drive unit must be removed from the base before the 
armature can be removed from the assembly. 

To remove the motor and drive unit: 

1. Loosen two screws, one in each of the collars which operate the paper 
u1? •' Tt?ese screws are iust behind the platen, one on each end of the shaft just inside the base casting. 

crank Rem°Ve 1116 Wue Steel clip from 1116 lower end of the motor key bell 

3. Pull shaft toward left end of machine. 

pin4' Rem°Ve blue Steel Clip from 1116 toSSle P;n and remove the toggle 

5. Remove the toggle link from the motor drive shaft. Caution- when 
trh™g UT' h. SUi? ^ t0ggl£S are in the up p°sition before raising the motor mounting bracket. 6 

6. Remove the two rear batteries. 

ing plam)emOVe 1116 tUb6S fr°m th6 'tem C°Unt ChaSSis (tube and relay m°unt-

0 ,8" . Remove the two rear mounting screws from the item count chassis 
and pivot the chassis down about the two front screws. chassis 

assembly.em°Ve ^ f°Ur m°Unting S"eWS and remOTe the motor and drive 

To replace the motor: 

1. Fasten motor to bracket with the four mounting screws. 
2 Raise the motor mounting bracket and replace the two rear screw. 

Tighten the mounting screws very firmly. 

3. Raise the item count chassis and replace the two rear screws. 
4. Replace the motor key shaft and readjust the paper shutter trip levers. 

clip5' ConneCt 1116 motor key bel1 crank to the motor key shaft. Replace 

6. Replace the toggle link and toggle pin. Replace clip. 



CORRECTIVE METHODS 
PROBABLE CAUSE 

KIND OF FAILURE 

Open circuit 

twitch not 

winding. 

Starting twitch not opening. 

Bcaringt gummed or worn. Runt slowly un-

Replace capacitor. 
circuit open 

Reset switch or replace element. 

Open circuit to motor. 

not making 

circuit in 

nooth with 5-0 sand-
rough turn down arm-Clean ar 

paper: if 
ature in 

Dirty or 

Clear, between aegment. ami under. 
cut mica. commutator 

Return to 

Replace resistor. 

Return to 

Adju.t variable reaiator for lower 
resistance. 

Cheek for .ticking bru.he. and re-
nlace worn brushes. 

cut between commutator bars-
and smooth with 5-0 sand-
if very rough tum down arma-

n lathe. 

short. 

Short cireuit on output. 

windings. 
input voltage. 

Reset switch or replace element. 

Check with light for power to motor. 

Replace capacitor. 

Clean and adjust starting switch. 

Remove end bell and cheek for brok
en wire.. Check with teat !>£«'« 
continuity. If open, return to En 
dicott. 

Check centrifugal throwout apringa. 
Check contacts. 

Remove old lubricant. Clean ahaft 
and bearing. Add new lubricant. 

Too much reaiaunce e 

Bru.be. no. "•»« ^ """" 
with commutator. 

Voltage low-
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TYPE NO A.C.—DC—UNIV 

LUBRICANT 

Holtaer-Cabot 

Holuer-Cabot 

Wei ting hou»e 

Holtier-Cabot 

A.C. Combination 

Westinghouie 

Robbins and 
Meyeri 

Wcitinghouae or 
Robbina & Meyeri D C. Combination 

Weatinghouie 

Robbin* h Meyeri 

077, 552 
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D E F I N I T I O N S  
A coulomb is a quantity of electricity equal to 6.24 X 10" (6,240,000,-

000,000,000,000) electrons. 
The ampere is the unit of measure for electric current intensity. If one 

ampere flows in a wire, one coulomb passes a cross section of the wire 
every second. 

The ohm is the unit of measure of resistance to electric current. It is 
arbitrarily defined as the resistance of a standard column of mercury 106.3 
centimeters long, weighing 14.4521 grams, at 32 Fahrenheit. 

The volt is the unit of measure of electric force. One volt will force a 
current of one ampere through a resistance of one ohm. 

The larad is the unit of capacitance. A one-farad condenser will store a 
charge of one coulomb when the potential difference of the plates is one volt. 

The henry is the unit of inductance. An inductance of one henry will 
induce an electromotive force of one volt when the current through it varies 
at the rate of one ampere per second. 

P R E F I X E S  

To avoid the use of so many zeros when writing electrical quantities, the 
following prefixes are used; the most common prefixes are indicated by an 
asterisk: 

Mega = 1,000,000* 
Kilo = 1,000* 
Hecto = 100 
Decka = 10 
Deci — 0.1 
Centi = 0.01 
Milli " 0.001* 
Micro = 0.000001* 

Example: 0.000005 ampere can be written "5 microamperes." 

CAUTION ON THE USE OF AMMETERS 

The Simpson Meter contains scales on which it  is possible to read 
values of current directly. The meter movement is connected in 
parallel with a suitable shunt resistor, and the pointer moves a dis
tance proportional to the voltage drop across the shunt resistor. In 
order to measure current, the meter is connected in series with the 
load, and all load current flows through the meter. Since virtually all  
of the load current flows through the shunt resistor, it  is important 
that the meter dials are set properly before current is sent through 
the meter. 

If a high current is sent through the ammeter circuit when a low-
current, high-resistance shunt is in parallel with the meter, the shunt 
resistor and the meter coil may be atomized. Use EXTREME CAU
TION on all  current measurements, and when in doubt, start with 
the highest current scales. 

2 



M E T E R S  A N D  T E S T  D E V I C E S  

T H E  I B M  
V O L T - O H M  M E T E R  
THK earlier IBM machines, utiliz
ing relatively simple circuits, could 
readily be tested by using the 
test light. With the advent of more 
complex machines, the test light has 
become inadequate. While the test 
light could be used to test continuity 
through a series of relay points, there 
was no provision for measuring, for 
example, the exact resistance of a 
relay coil or the voltage on the con
trol grid of a vacuum tube. The com
paratively high voltage used with the 
test light frequently caused damage 
to delicate circuit elements, and the 
customer engineer could receive a 
disagreeable shock from the probes. 

To meet the need for an instru
ment to measure voltage, current and 
resistance, and yet be light and port
able, the IBM volt-ohm meter was 
developed. The meter has provision 
for measuring DC or AC potentials 
from 0-300 volts and resistances 
from 0-2,000,000 ohms. When Ohm's 
law is used, currents may be calcu
lated readily. The small battery volt
age used in measuring resistance and 
checking continuity cannot damage 
circuit elements or shock personnel. 

Use of the IBM Volt-Ohm Meter 

Theconstruction of the galvanome
ter movement and the design of the 
multiplier resistances used in the 
IBM volt-ohm meter will be consid
ered in a later section of this manual. 
This section will deal entirely with 
the application of the meter to the 
testing of IBM equipment. 

Three hubs, marked COMMON, 
VOLTS, and RESISTANCE, are provided 
on the meter case. These hubs will 
receive standard control panel wires 
or the tips of the test leads provided 
with the meter. The test leads are 
color-coded with red and black tips. 

he test leads should always be con
nected so that the black lead is con-
ne?tec* to.t'le common hub, and the 
red lead is connected to either the 
resistance or volts hubs. Connecting 
the leads in this manner is called 
Polarization of the leads, and this 
system decreases the nossibility of 
damage to the meter. 

When the meter is to be used to 
measure voltage, the black lead is 
connected to the common hub, and 
the red lead is connected to the volts 
hub. The selector switch must be 
t"rn"1 to the proper voltage range; 
the DC positions are used to meas-
ure direct current and the AC posi
tions to measure alternating current. 
When direct current is measured, the 
red lead is always connected to the 
point of higher positive potential 
while the black lead is connected to 
a lower potential point. Thus, cur
rent will always flow in one direction 
through the meter movement, caus
ing the galvanometer movement to 
deflect upscale. Should the meter 
leads be reversed, the current would 
cause the meter to try to indicate 
downscale, and since no counter
clockwise movement is possible below 
zero, the meter movement might be 
damaged. If the leads are properly 
connected to a voltage source, the 
galvanometer pointer will move a 
distance proportional to the voltage. 

The setting of the selector switch 
determines which scale of the galva
nometer should be read. When the 
selector switch is set to 50 volts the 
top meter scale, calibrated from zero 
to 50 volts, is used. In Figure 1 a 
voltage is being measured that causes 
the pointer to be deflected halfway 
up the scale. Since full-scale deflec
tion requires 50 volts, half-scale de
flection indicates 25 volts; therefore 
the magnitude of the voltage being 
measured is 25 volts. In Figure 2 
half-scale deflection on the 150-volt 
range indicates that the measured 
voltage is 75 volts. Measuring a 150-
volt supply will cause the pointer to 
move to half scale on the 300-volt 
range (Figure 3). The range should 
always be selected so that the meas
ured voltage lies near the center of 
the scale, as the meter is more accu
rate in this range. The meter can be 
severely damaged if the leads are 
connected to high voltage while the 
selector switch is on a low range. For 
example, if the leads are connected 
to high voltage while the selector 
switch is on the 50-volt range the 
meter would try to move past the 
upper end of the scale, and the deli
cate meter movement might be dam
aged. For this reason, the highest 
range (300 volts) should always be 

3 
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Figure 1. Voltage Measurement on the 50-Volt DC Scale 

25 Volts 

used first when an unknown voltage 
is being measured, and a lower scale 
may be adopted if the reading proves 
to be low enough to be read on the 
lower scale. 

When AC voltages are measured, 
the same scale ranges are used, but 
the selector switch must be turned to 
the AC voltage positions. A full-wave 
rectifier is switched into the meter 
circuits on the AC ranges, and cor
rections are made for differences be
tween the rectified AC and DC volt
age that the meter normally meas
ures. If a DC voltage is measured 
with the switch on the AC range, an 
incorrect reading will result. The
oretically, no reading should result if 
an attempt is made to measure AC 
voltages on the DC ranges, but it is 
possible to cause a slight deflection 
of the meter. 

When the meter is to be used to 
measure resistance, the black lead 
remains connected to the common 
hub, and the red lead is connected 
to the resistance hub. The selector 
switch must be turned to one of the 
resistance ranges. A flashlight bat

tery in the meter now supplies 1-3 
volts to the leads, and when the leads 
are connected across a resistance, a 
small current will flow from the 
flashlight cells to the leads and re
sistance. This current will vary in
versely with the resistance (the more 
resistance, the less current will flow), 
and the meter is caused to deflect a 
distance proportional to the current. 
Therefore, when the leads are shorted 
together (zero resistance), maximum 
current flows and maximum meter 
deflection occurs. Accordingly, the 
meter scale is calibrated backwards, 
with the zero end of the resistance 
scale at the right end of the meter, 
and the infinite resistance end of the 
scale at the left. Since the flashlight 
cell potential changes, a variable re
sistance marked ADJ OHMS is pro
vided for calibrating the ohmmeter 
scales. This resistance adjusts the 
circuit so that a dead short reads 
zero ohms. When the meter is ad
justed to read resistance, compara
tively low resistances are connected 
in the internal meter circuits, and 
extreme care should be taken to 
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75 Volts 

Figure 2. Voltage Measurement on the 150-Volt DC Scale 

Figure 3. Voltage Measurement on the 300-Volt DC Scale 
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Figure 4. Electrical Measurements 

avoid connecting the ohmmeter leads 
to a source of voltage. A moment of 
carelessness may burn out the ohm-
meter circuit and ruin the meter 
movement. (See Figure 4.) 

Care of the Meter 
The IBM volt-ohm meter is a sen

sitive device, and care should be ex
ercised in its use in order to realize 
full benefits. The following hints for 
the use and care of the meter will 
prolong the usefulness of this device: 

1. The meter should always re
main in the leather case, which pro
vides protection for the plastic meter 
case and will cushion shocks to the 
meter movement. 

2. Great care should be taken to 
avoid dropping the meter, as the 
jeweled bearings may be damaged, 
impairing the accuracy of the meter. 
If the movement sticks, tap the 
meter gently, as sharp knocks may 
damage the movement. 

3. Never connect the ohmmeter 
leads to a source of voltage or to. a 
resistance through which current is 
flowing, as this may burn out the 
meter resistances and harm the meter 
movement. When measuring the re
sistance of a circuit element, turn 
the machine OFF, and check across 
the power supply with the voltmeter, 
as a charged condenser can seriously 
damage the meter if discharged 
through the ohmmeter circuit. 

4. When in doubt about the size 
of a voltage source, use the 300-volt 
range when connecting the instru
ment. If a large voltage is connected 
to the 50-volt range, the meter coil 
may be damaged, and sometimes the 
pointer may be bent by the suddenly 

applied force striking it against its 
full scale stop pin. Needless to say, 
it will never regain its former ac
curacy. 

5. Always polarize the meter leads, 
and take voltage readings with the 
red lead connected to the point of 
higher positive potential. 

Checking for Grounds 
No fixed rule can be given for find

ing and removing grounds because of 
the random nature of these troubles. 
However, it is possible to lay down 
general rules as a starting point from 
which the customer engineer can 
proceed further. The ohmmeter is an 
invaluable aid in finding troubles 
where a point in the circuit becomes 
grounded. 

Figure 5 illustrates a ground that 
is comparatively easy to find. The 
N/O strap of R62BL has become 
grounded to the machine frame of a 
Type 405. Disconnect the machine 
from the power supply and discon
nect the wire from the power supply 
to the fuse common. This eliminates 
the possibility of back circuits. 
Switch the meter to the lowest re
sistance range, short circuit the com
mon and resistance leads and adjust 
the ADJ OHMS control so the meter 
pointer reads zero ohms. Clip the 
black lead of the volt-ohm meter to 
the machine frame and connect the 
red lead to the fuse common. If a 
stable ground exists in the circuits 
the meter pointer will be deflected! 
The circuit is traced from the meter 
battery through the adjustable re
sistor and the meter movement to 
the common hub, through the black 
wire to the machine frame, from the 
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power supply 

Figure 5. Finding a Stable Ground — Type 405 Circuit 

grounded point of R62BL through 
R28AL N/C, R56P, fuse 23, fuse 
common, through the red wire to the 
meter battery. The meter indicates 
the external resistance in the circuit, 
160 ohms in this case. 

Because a ground exists on the 
machine, the procedure is to deter
mine which circuit is grounded. Re
move the fuses one at a time, simul
taneously observing the meter. Ob
viously, nothing will change as fuses 
1 through 22 are removed, but when 
fuse 23 is removed, the meter circuit 
is broken and the meter pointer 
drops to the high-resistance end of 
the scale. This shows that the ground 
is in the circuits protected by fuse 23. 

Move the meter lead to the upper 
clip of fuse 23. The meter should 

again deflect to 160 ohms. Discon
nect the B side of the XR multi-
contact relay. No change in meter 
reading should result. Disconnect the 
B side of R59P. Again, there should 
be no change in meter reading. How
ever, when the R56P circuit is 
opened, the meter circuit is opened, 
and the pointer drops to the high-
resistance end of the scale. This 
shows that the ground is in the cir
cuit above R56P. Move the red 
meter lead from fuse 23 to the R56P 
coil, connecting the lead on the A 
side of the coil. The 160-ohm coil is 
now removed from the circuit, and 
the meter should read virtually no 
resistance. Open the R28AL point 
and the meter pointer should drop 
to the high resistance end of the 
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scale. The ground, therefore, lies 
above R28AL, and the wire to 
R29AL can be disregarded. Obvi
ously, the ground must now be at 
either the R28AL o/P or the R62BL 
N/O point, or the wire connecting 
them, and an inspection of these ele
ments should locate the grounded 
point. 

Sometimes the ground is of such a 
nature that it cannot be found by re
moving fuses. In that event, replace 
all fuses, remove the connection 
from the power supply to the line 
connections and connect the meter 
between the line terminal and the 
machine frame. Remove the wires 
on the line terminal one at a time 
until the resistance reading increases, 
and then check through the indicated 
circuit. 

A slightly different procedure may 
be used for checking for intermittent 
grounds and grounds that appear 
only when the machine is running. 
Sometimes these grounds appear 
only when a certain cam is making. 
Here the voltmeter must be used. 
With the machine running, connect 
the voltmeter on its highest range 
between power supply and machine 
frame in such a manner that the in
termittent ground deflects the meter 
each cycle. With the power on, but 
with drive belts disconnected, turn 
the machine over by hand until the 
ground appears, and note the timing. 
This timing will frequently indicate 
which cam controls the defective cir
cuit. The meter leads can then be 
connected to various points in the 
suspected circuit to locate the 
grounded element. Care should be 
taken to avoid leaving the circuit 
breakers closed for any length of 
time on such machines as the Types 
402 and 602A, where coils or recti
fiers may be damaged by overloads. 

Checking Dynamic Continuity 
with the IBM Volt-Ohm Meter 

Figure 6 shows the auto-start cir
cuit on the Type 405. Relay 11 must 
be picked by CB31 to cause the card 
feed to function. The relay points in 
series condition the pick of relay 11 
in order to prevent feeding a card at 
the wrong time. However, if one of 
the conditioning points should fail to 
make contact, the machine would 
continue to run but no cards would 
be fed. 

With the machine running, a dy
namic continuity check may be made 

and the failing point can be Quickly 
found. It has been determined that 
relay 11 is failing to pick, and the 
cover is, therefore, off the left rear 
relay gate. Connect the meter leads 
to the meter and observe the polar
ity. Clip the black lead to the fuse 
block. Touch the red lead to the line 
side. The meter should indicate 40-
48 volts. Then move the red lead to 
the 26B operating point. Each time 
CB31 makes, an impulse should 
reach the meter and deflect it up
scale. Deflection at regular intervals 
indicates that CB31 is operating 
properly. If the meter fails to deflect 
or occasionally misses an impulse, 
CB31 may be failing. 

The fastest way to check the series 
of relay points is by successive halv
ing of the circuit. Move the red lead 
to a point near the center of the cir
c u i t ,  f o r  e x a m p l e ,  t o  t h e  R 3 5 A L  N / C  
point. If the meter fails to deflect, 
the failing point lies between R35AL 
and CB31. If the meter is deflected, 
the failing point lies between R35AL 
and the fuse. If the meter is de
flected, move the red lead to the 
R68AU N/c point. If the meter now 
fails to deflect, the failing point lies 
between R68AU N/C and R35AL, 
N / C .  M o v e  t h e  r e d  l e a d  t o  R 6 1 B  N / C  
and to R36B N/C successively until 
the meter is again deflected. For ex
ample, if there is no indication when 
the red lead is touched to R61B but 
deflection occurs when it is moved 
to R36B, the R61B point must be 
failing. 

There is the possibility that the 
relay coil or the fuse may be open. 
If the preceding test has eliminated 
all relay points, the fuse may be 
checked by moving the black lead to 
the point between the fuse and the 
relay coil. The red lead is connected 
to R22BL N/C. If no deflection oc
curs, the fuse is open. If deflection 
occurs, the relay coil is probably 
open. The relay coil may be checked 
with the ohmmeter as explained on 
page 59. 

With practice, this entire proce
dure may be completed in a few min
utes, saving the time required for 
checking the circuit elements one by 
one. 

Testing Crystal Diode Rectifiers 

Crystal diode rectifiers are finding 
wide application in the newer ma
chines. Their purpose is to eliminate 
back circuits and to reduce the num-
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40-48 Volts 
40-48 Voh* 

Figure 7. Testing Crystal Diode Hectifiers 

ber of circuit breakers that would be 
required to obtain the same result. 
The operating quality of crystal 
diode rectifiers cannot be accurately 
tested by means of an ohmmeter. 
The diode must be tested at rated 
voltage under operating conditions. 

The operating quality of the crys
tal diode can be tested with the 
standard IBM meter or any meter 
with an internal resistance of 10,000 
ohms per volt or higher. The method 
to test the crystal diode correctly is 

illustrated in Figure 7A and 7B. This 
test is applicable to the Type IN34, 
IN48 and IN65 crystal diodes. 

Crystal Diode Test Procedure 
(Figure 7) 

Remove the crystal diode mount
ing block from the machine. Allow 
the unit to stand in the free air for 
four or five minutes so that the diode 
will be at room temperature before 
making all tests. 
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Do not hold the resistor or diode 
in the hand, as body resistance may 
alter the test results. 

When making a diode test with 
the IBM meter, use the 50-volt DC 
scale for all of the voltage readings. 

Perform tests 1 and 2 with the DC 
supply voltage from the machine 
that the diode is to be used. 

Test 1 (Figure 7A) 
PURPOSE: TO determine whether re
sistance of the diode in the forward 
direction is low enough to pass rated 
current. 

1. Connect the crystal diode in 
series with a 2,000-ohm resistor and 
a 40- to 50-volt DC supply. Connect 
the negative terminal of the DC sup
ply to the negative terminal of the 
crystal diode. The negative terminal 
can be determined by a light color 
band around one end of the diode. 
This connection will determine the 
electron flow in the forward direc
tion. 

2. With the standard IBM meter 
(10,000 ohms per volt) set on the 
50-volt DC scale, test and record the 
DC supply voltage. 

3. With the voltmeter, test and 
record the voltage drop across the 
2,000-ohm resistor. 

4. If the voltage read on the meter 
in step 3 is less than the supply volt
age minus three volts, the crystal 
diode should be replaced. 

TEST 1—EXAMPLE 
Electron flow in forward direction 
Line voltage 49.5 volts 
Voltage drop (resistor) 47.0 volts 

(Satisfactory) 2.5 volts 

Line voltage 49.5 volts 
Voltage drop (resistor) 46.0 volts 

(Defective; replace) 3.5 volts 

Test 2 (Figure 7B) 
PURPOSE: To determine whether the 
diode is a satisfactory back-circuit 
eliminator. 

1. Reverse the DC supply leads 
from test 1. The positive ( + ) DC 
supply lead will be connected to the 
negative diode terminal. 

2. With the voltmeter, test and 
record the voltage drop across the 
crystal diode. 

3. If the voltage read on the meter 
in step 2 is less than the DC supply 
voltage minus two volts, the crystal 
diode should be replaced. 

TEST 2—EXAMPLE 
Electron flow in reverse direction 
Line voltage 49.2 volts 
Voltage drop (diode) 48.0 volts 

(Satisfactory) 1.2 volts 

Line voltage 49.2 volts 
Voltage drop (diode) 46.5 volts 

(Defective; replace) 2.7 volts 

More data on crystal rectifiers will 
be found on page 67. 

Theory of Operation 
The IBM volt-ohm meter consists of 

a galvanometer and appropriate mul
tiplier resistances. A galvanometer is 
a meter that measures the magni
tude of electric currents. A multiplier 
resistance is a resistance connected 
in series with the galvanometer that 
limits the current through the meter 
and makes possible the measurement 
of higher voltages. 

The Galvanometer 
If a piece of paper is placed over 

a horseshoe magnet and sprinkled 
with iron filings, the filings will as
sume a pattern, tracing lines of mag
netic force. By convention, these 
lines leave the north pole of a mag
net, pass through the surrounding 
medium, and enter the south pole to 
complete the magnetic circuit 
through the magnet. This phenome
non is best thought of as a strain set 
up in the material. Where they pass 
through the surrounding material, 
the lines of force are called a mag
netic field. The closer the lines of 
force are drawn, the greater becomes 
the strength of the magnetic field. 

Whenever an electric current flows 
through a wire, a magnetic field is 
set up around the wire. Experiments 
have shown that the lines of force 
are drawn in a clockwise direction 
when the current flows away from 
the observer. Figure 8 shows a wire 
in cross-section with current flowing 
in the direction from the reader, and 
the field is drawn in a clockwise di
rection around the wire. 

If a copper wire is placed in a 
magnetic field, the magnetic field and 
the wire will remain undisturbed as 
long as no current flows through the 
wire. When a current flows through 
the wire as in Figure 8, a field is 
developed around the wire. Since 
this field lies in the field of the 
permanent magnet, the lines of force 



1 2  M  C T F B S  A N D  T E S T  D E V I C E S  
n u r f l M E R  E N G I N E y j N g  

Figure 8. Flux Distribution Around 
a Wire Carrying a Current 
Through a Magnetic Field 

of the two fields react with one an
other. The resultant field is strength
ened under the wire and decreased 
above the wire. Since the lines of 
force try to take the shortest paths 
possible, the wire will tend to be 
forced upward. If the current is re
versed, the lines of force around the 
wire are reversed, and the wire would 
tend to move downward. 

If a loop of wire is pivoted in a 
magnetic field (Figure 9) when cur
rent flows through the wire, the sides 
of the loop will move in opposite 
directions, causing a turning force to 
be applied to the coil. The coil will 

Figure 9. Basic Meter Principle 

turn until it has reached the position 
shown as the position of maximum 
deflection in Figure 10. To gain sen
sitivity to small currents, the num
ber of turns in the coil could be in
creased; two turns will develop twice 
as great a field and hence twice the 
turning force that one turn develops. 

A French physicist, Jacques ArsSne 
d'Arsonval (1851-1940), is accredited 
with the invention of the first mov
ing coil current meter. An American, 
Edward Weston, developed this prin
ciple of meter design. The Weston 
galvanometer, which is the meter 
portion of the IBM meter, uses a 
coil pivoted in a permanent mag
netic field. A hairspring is used to 
restore the coil when no current 

Figure 10. Galvanometer Movement 

flows to a point that will be_the zero 
position of the meter scale. The hair 
spring has essentially a constant 
modulus; if a force of one gram wi 
stretch it a certain distance, two 
grams force will stretch it twice that 
distance. A screw is provided for 
setting the zero end of the scale me 
chanically. Attaching a pointer and 
scale completes the galvanometer as
sembly. 

The force exerted on the coil can 
be increased by increasing the per-
manent magnetic field, the number A< 
of turns in the coil, or the current in V/; 

the coil. The field strength and the 
number of turns are determined 
when the meter is manufactured; 
therefore, the force exerted on the 
coil is directly proportional to the 
current flowing through it. Since this 
force works against the hairspring, 
the pointer will move a distance pro
portional to the current. 

Since the coil is turning in an es
sentially parallel field (Figure 10), 
it has a slightly different force ex
erted on it when at A and C than 
when at B, for at B it moves perpen
dicularly to the lines of force, while 
at A and C it moves obliquely to 
them. The field is irregular near its 
edges, which further changes the re
lation of the coil to the field. The 
most accurate portion of its travel 
occurs when the coil moves perpen
dicularly to the lines of force, and at 
that time the pointer is at the center 
part of the scale. Therefore, the most 0P) 
accurate readings of the meter are 
those that fall on the center portion 
of the scale. 

The coil and pointer are mounted 
on a spindle, riding in jeweled bear
ings. The jewels are used to decrease 
spindle bearing friction and to in
crease meter accuracy. An iron core 
is placed inside the coil to further 
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Figure 11. Improved Meter 
Movement 

concentrate the magnetic field around 
the- coil. Proper design of the core 
increases the accuracy of the end 
ranges of the meter by changing the 
magnetic field pattern (Figure 11) 
and causing the coil to cut the field 
at right angles for a greater part of 
its travel. 

The Direct Current Voltmeter 
In the following discussion of 

meter circuits, the theoretical values 
mentioned may vary slightly from 
the circuit elements found in a rep
resentative meter because of manu
facturing tolerances. This discussion 
is not meant for meter repairs, but 
as a guide in using the meter. 

The galvanometer has been de
signed to give full-scale deflection 
when a direct current of 100 micro
amperes (.000100 ampere) flows 
through the coil. The resistance of 
the coil is 1000 ohms. If connection 
were made directly to the coil ends, 
the voltage to give full-scale deflec
tion is, by Ohm's law, 

E  =  I X R  

E = .000100 X 1000 

E = .1 volt 

Since IBM machines operate at 
higher voltages, it is desirable to be 
able to increase the input voltage. If 
a full-scale reading is desired when 
the meter is connected to a 50-volt 
potential, a multiplier resistance Ri 
may be connected in series with the 
meter coil: 

50 volts 
1000 + Ri = 0001 ampere 

1000 + Ri = 500,000 ohms 

Ri = 500,000 - 1000 

Rx = 499,000 ohms 

With a multiplier resistance of 
499,000 ohms connected in series 
with the meter, full-scale deflection 
occurs when the meter leads are con
nected to a 50-volt source. A 499,-
000-ohm resistance is connected in 
series with the meter coil when the 
switch is set at 50 volts DC on the 
IBM meter. 

The intermediate range of the DC 
voltmeter uses a full-scale reading of 
150 volts. The series resistance for 
the multiplier must be: 

150 volts 
1000 + R2 = 0001 ampere 

1000 + Rs = 1,500,000 ohms 

R2 = 1,500,000 - 1000 

R2 = 1,499,000 ohms 

For the 300-volt range, 

300 volts 
1000 + R:. — 000 i ampere 

1000 + Rs = 3,000,000 ohms 

R3 =; 3,000,000 - 1000 

R3 = 2,999,000 ohms 

The meter sensitivity is the ratio 
of the resistance of the meter and 
the series resistance to the voltage 
measured at full-scale deflection. 

S = 500,000 ohms 
50 volts 

1,500,000 ohms 
150 volts 

3,000,000 ohms 
300 volts 

= 10,000 ohms per 
volt 

This sensitivity rating holds for 
all three ranges of DC voltage. The 
sensitivity rating is important in cal-
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Figure 12. DC Voltmeter Schematic Diagram 

culating the effect of the meter on 
the measured circuit. 

Figure 12 gives the DC voltage 
measuring circuit, showing the 
method of successively coupling in 
multiplier resistances to obtain the 
desired multiplier. 

The Alternating Current Voltmeter 
It has been pointed out that a di

rect current will cause the meter coil 
to turn in the permanent magnetic 
field. If an alternating voltage is con
nected to the meter coil, the move
ment would be unable to follow the 
magnitude of the current because of 
the inertia of the coil, pointer, etc. 
The measurement of values of alter
nating current requires that several 
changes be made in the meter cir
cuits. 

First, the voltage must be rectified, 
or polarized, in one direction. A 
bridge rectifier is used, as it furnishes 
full-wave rectification. The current 
follows the arrows in Figure 13, and 
the meter is connected in the bridge 
so that the flow of electrons is al
ways from A to B. If the input alter
nating voltage, when rectified, is as
sumed to follow a sine-wave pattern, 
the voltage will appear as in Figure 
14. 

An ideal rectifier would pass cur
rent freely in the forward direction 
but allow no current in the reverse 

direction. The copper oxide rectifiers 
used in the meter have a low for
ward resistance and a high reverse 
resistance, but some current can still 
flow in the reverse direction. This 
decreases the efficiency of rectifica
tion, and the voltage between points 
A and B (Figure 13) is decreased 
slightly by this effect. The rectifier 
in a new meter is about 91% effi
cient. In designing multiplier resis
tances for AC circuits this drop in 
voltage must be taken into consid
eration. 

The rectified voltage starts at zero 
rises to a peak value, and returns to 
zero twice for every cycle of input 
voltage. The distance of any point 
on the curve from the point on the 
base line directly under it represents 
the rectified voltage at that instant. 
If the distance of every point on the 
curve to the base line is measured 
and averaged, it is seen that 

Average voltage 
Peak voltage^ - 636 <a ratio). 

The galvanometer mechanically 
averages the voltage, and moves a 
distance proportional to the average 
rectified voltage. 

The designation "100 volts AC" 
represents an alternating voltage 
that would cause the same heating 
effect in a given resistor that a 100-
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Figure 13. Principle oi the Meter Rectifier 

Output of full wave rectifier 
100 volts pulsating D.C. 

Figure 14. Full-Wave Rectification 
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One Cycle 

Figure 15. Root Mean Square Voltage 

volt DC potential would cause. The 
area under the line A-B of Figure 15 
represents the heating effect of the 
current caused by a 100-volt DC po
tential. When an alternating current 
is rectified, it becomes pulsating DC, 
and the heating effect of this pulsat
ing DC is represented by the shaded 
area under the rectified sine wave. 
Since there are times when the rec
tified voltage is zero, the maximum 
voltage of the pulses must be greater 
than 100 volts in order for the area 
under the curve to equal the area 
under the line. In order for the two 
areas to be equal 

Effective voltage 
Peak voltage = .707 (for sine 

waves) 

The peak voltage for 100 volts 
(effective) = -~y = 141.4 volts. 

The effective voltage, called the 
root of the mean square voltage 
(rms), is the voltage generally used 
in alternating current measurements. 
Because the meter movement is pro
portional to the average voltage, the 
relation between average and effec
tive (rms) voltage must be deter
mined. 

Average voltage 
Peak voltage 

Effective voltage 
Peak voltage 

Average voltage 
Effective voltage 

.636 

.707 

— .9 = 90% 

feet. This will allow the same scales 
to be used for both AC and DC 
measurements. 

For the 50-volt scale, a multiplier 
must be selected that, when con
nected in series with the meter coil, 
will allow a current of 100 micro
amperes when 50 volts rms is the 
measured voltage. If .1 volt DC gives 
full-scale deflection of the meter, 
49.9 volts must be developed across 
the multiplier. 

E = 50 volts rms 
Rectification efficiency = 91% 
Average voltage = 90% of effec

tive (rms) voltage 
R = !  

R _ 49.9 volts (rms) X .91 X .90 
.0001 ampere 

R = 410,000 ohms (app.) 

The multiplier for the 150-volt 
range must develop 149.9 volts. 

R = 

If the meter used the DC multi
plier resistances to measure AC, all 
the values would be 10% too low. In 
designing the multiplier resistances, 
allowance must be made for this ef-

149.9 volts X .91 X .90 
.0001 ampere 

R = 1,230,000 ohms (app.) 

Across the 300-volt multiplier 
299.9 volts must be developed. 

R — 299.9 volts X .91 X .90 
.0001 ampere 

R - 2,460,000 ohms (app.) 

The multiplier values chosen arc 
lower than the multipliers used or 
corresponding DC ranges; therefore 
the sensitivity is decreased. 
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Volts 
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411,000 ohms 
S= SO volts 

1,231,000 ohms 
= 150 volts 

2,461,000 ohms 
300 volts 

S = 8000 ohms per volt 

Figure 16 shows the schematic of 
the AC voltmeter. 

CAUTION : The AC voltmeter scale 
has been designed and calibrated for 
the measurement of sine wave volt
ages. An error may occur in reading 
irregularly shaped voltages, su^ as 

the square-wave pulses of the Type 
604. For the proper measurement of 
such voltages, the use of a cathode-
ray oscilloscope is required. 

The Ohmmeter 
Since the current in a circuit 

changes with the resistance in the 
circuit, the galvanometer can be con
nected to allow for measurement of 
resistances. Two small flashlight cells 
supply the voltage required to 
change the meter to a series ohm-
meter. 

When dealing with the accurate 
measurement of small currents, the 
voltage that causes the currents must 
be considered. A flashlight cell may 

be thought of as a 1.5-volt generator 
or source of voltage connected in 
series with a resistance representing 
the internal resistance of the cell. If 
the voltage at the cell terminals is 
measured when no current is being 
drawn from the cell, the value will 
be 1.5 volts, but if current flows in a 
circuit connected to the cell, the ter
minal voltage will drop because of 
the internal voltage drop across the 
series resistance of the cell. A new 
cell has almost no internal resistance, 
while an aged cell may have a re
sistance of the order of 50 ohms, 
the resistance of a cell is 10 ohms 
and an external circuit having a re
sistance of 10 ohms is connected to 
the cell, by Ohm's law the current is 

1.5 volts 
R  l O + l O  o h m s  

= .075 ampere 

The voltage at the terminals of the 
cell will be the normal cell voltage 
reduced by the drop across the inter
nal resistance. 

Terminal 
voltage — 1-5 — I X K 

(cell) 

= 1.5 - .075 X 10 

= .75 volt 
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Figure 17. Ohmmeter Schematic Diagrams 

Since the load on the meter cells 
changes on different scale ranges, the 
effect of battery internal resistance 
must be considered, especially on 
the low resistance ranges where 
more current is drawn. 

Figure 17A shows the ohmmeter 
circuit when the selector switch is 
placed on the lowest resistance 
range (R). If a dead short is placed 
between the hubs marked common 
and resistance, the 1.5 volt cell po
tential is developed across the 28-
ohm internal resistance and the 
meter circuit in parallel. This 1.5 
volt potential appears across the 
10,000-ohm fixed resistor, the 5000-
ohm adjustable resistor and the 
1000-ohmmeter coil. Since the cur
rent required to deflect the meter to 
full-scale is .0001 ampere, the vari
able resistance must be decreased to 
approximately 4,000 ohms, so the re
sistance of the meter circuit is 

R = 10,000 (fixed) 
+ 4000 (variable) 
-j- 1000 (meter) 

R — 15,000 ohms 

E = 1.5 volts 

Then, meter current = — 

Meter current - 1.5 volts 
15,000 ohms 

= .0001 ampere 

The proper adjustment of the vari 
able resistor thus causes the ohm 
meter to read zero when a dead shor 
is placed across the leads. This oper 
ation is called calibrating the ohm 
meter. 

If The short is now removed and t 
28-ohm external resistor is connecter 
between the common and resistancr 
hubs, the 1.5 volt cell potential is de 
veloped across two 28-ohm resistor 
in series, and .75 volt is developec 
across each 28-ohm resistor. Sinc< 
the resistance of the meter circuit ii 
high it may be neglected when ir 
parallel with the 28-ohm internal re 
?'st°or0Tuhe '7S VoIt deveI°Ped acros: 
the 28-ohm internal resistor causes i 
current through the meter circuit o 

-1 
1 = •75 volt 

15,000 ohms 

3000 10.000 va 
D « x IOOO 
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I = .00005 ampere 

This current deflects the meter 
pointer to about half scale. On the 
lowest resistance range it will deflect 
slightly above half scale, for when 
the meter was calibrated, the cell in
ternal resistance caused the terminal 
voltage to drop below 1.5 volts. 
When a resistance is placed between 
the hubs, less current flows and the 
cell drop is lower. The voltage drop 
across the 28-ohm meter resistor is 
therefore greater. The ohmmeter 
scale is drawn to compensate for this 
change in terminal voltage. 

Figure 17B shows a 290-ohm re
sistance shunting the meter. Since 
this resistance is ten times as great 
as the 28-ohm shunt, the parallel 
meter circuit changes its value 
slightly. The effective resistance of 
two parallel resistors may be deter
mined by dividing their product by 
their sum. The effective resistance of 
the meter (1000 ohms), the 10,000-
ohm fixed resistor and the variable 
resistor of approximately 4000 ohms 
connected in parallel with a 290-ohm 
resistance is 

R = 15,000 X 3600 
T5^)0<r+l56()0 

R =•: 15,000 X 290 
15,000 + 290 

R = 284 ohms 

If a 284-ohm resistance is connected 
between the terminals, the voltage 
is divided equally between the ex
ternal resistance and the meter and 
shunt combination, and again .75 
volt will appear across the meter 
arm to give half-scale deflection. 

Figure 17C shows a 3600-ohm re
sistor shunting the meter. The paral
lel resistance of meter and shunt is 

R = 2940 ohms 

Connecting 2940 ohms externally 
will give half-scale deflection. 

On the highest resistance range, 
another 1.5 volt cell is connected 
into the circuit to allow measure
ments of up to 2,000,000 ohms. Fig
ure 17D shows the meter circuit. 
When the hubs are shorted, the 3.0 
volt cell potential is developed across 
the 10,000- and 16,000-ohm fixed re
sistors, the 1000-ohmmeter coil and 
the adjustable resistor set to approxi
mately 3000 ohms to allow a current 
of .0001 ampere and give full-scale 
deflection. With 30,000 ohms exter
nal resistance, the 3.0 volt cell will 
cause a current of .00005 ampere, 
giving half-scale deflection. 

The flashlight cells should be re
placed periodically, as large errors in 
the low resistance range can occur 
when the internal resistance of the 
cells becomes excessive. 

Current Measurement 
The meter may be used to deter

mine currents in DC circuits. If it 
is desired to measure the current 
through a relay coil, the resistance or 
the coil may be determined by using 
the ohmmeter. Disconnect one side 
of the coil to avoid the possibility of 
back circuits through the power sup
ply. With the coil reconnected and 
the machine turned on, the voltage 
drop across the coil can be meas
ured. Use Ohm's law to calculate the 
current through the coil. 

Example: With the machine 

R = 25 X 100 = 2500 ohms 
DC Resistance 
of Coil 

ComI 

<D 25 _/T-I w 

Cr X 10 
r R X 100 
R X 1000 3 

I = -

J7»dffrfl 18. 

28.5 
2500 

| = .0114 Amps 

rwranf Measurements 

Voltage drop 
across coil 
= 28.5 V. 
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= 500,000 Ohms 
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500.000 
Ohms 

250,000 
Ohms 

A B C 

Figure 19. Error in Measurement Caused by Resistance of Voltmeter 

The scale reading of 25 is multiplied 
by 100 to obtain the coil resistance 
of 2500 ohms. Then, with the ma
chine ON, power is applied to the coil 
and the voltage drop across the coil 
is measured with the voltmeter. The 
current is obtained by dividing the 
voltage by the resistance. Where the 
relay is connected directly across the 
power supply, the power supply volt
age may be read, but when the coil 
has a resistor in series with it, the 
voltage drop must be taken across 
the coil. 

Effect of the Meter on the Circuit 
In order for a voltage measure

ment to be taken by the meter, cur
rent from the measured circuit must 
flow through the meter. The fact 
that the meter alters the circuits 
should never be overlooked. Figure 
19A shows a voltage divider network 
where a 50-volt DC power supply is 
connected across two 500,000-ohm 
resistors in series. The total resist
ance is 1,000,000 ohms, and the cur
rent would be 

~~ 1,000,000 

I = .00005 ampere 

This current would cause a voltage 
drop of 25 volts across each of the 
two resistors, and the voltage be
tween points A and B would be 25 
volts. 

If the meter is now connected be
tween points A and B (Figure 19B), 
the circuit is altered. The meter has 
a sensitivity of 10,000 ohms per volt, 
and is set on the 50-volt range; 

hence, its resistance is 500,000 ohms. 
Placing the meter in parallel with 
the 500,000-ohm resistor between A 
and B decreases the resistance be
tween A and B to 250,000 ohms. 
More current flows in the circuit: 

1 750,000 

I —: .0000667 ampere 

and the voltage between points A 
and B becomes 

E  =  I X R  

E = .0000667 X 250,000 
E = 16.67 

which is the value that the meter 
indicates. 

If the meter is switched to the 
150-volt scale, its resistance becomes 
1,500,000 ohms. The resistance be
tween points A and B is now 

R _ 500,000 X 1,500,000 
AB ~~ 500,000 + 1,500,000 
R = 375,000 ohms 

The current changes to 

375,000 + 500,000 
I = .0000572 ampere 

The voltage between points A and B 
becomes 

E= I X R 

E = .0000572 X 375,000 
E = 21.4 volts 
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which is still in error by slightly less 
than 15%. 

If the meter is switched to the 
300-volt range, a voltage reading of 
23 2 volts will be read, which is in 
error by 7%. To correct this error, 
it is merely necessary to work back
ward through the preceding calcula
tion. With the 50-volt range, the 
meter reads 16.67 volts across the 
500,000-ohm resistor between A and 
B On the 50-volt scale, the meter 
resistance is 50 X 10,000 (ohms 
per volt) or 500,000 ohms. Hence, 
RlB = 250,000 ohms and Rm- — 
500,000 ohms. Through these resist-
ances in series the 50-volt potential 

causes a current of .0000667 ampere. 
If the meter is disconnected, the 
current would be .000050 ampere. 
Ohm's law may be put in propor
tional form and a solution obtained: 

E = I X R 

E, __ Ii X Ri 
Es T X Rj 

F I1 X y E • 
El ~ L X R. X 

_ .00005 X 500,000 lfi g7 

' — .0000667 X 250,000 

E. = 25 volts. 

T H E  D Y N A M I C  T I M E R  
THE fundamental concept of electric 
accounting machines is that arithme
tical operations be accomplished by 
timed electrical impulses. The test
ing of circuits on IBM equipment, 
therefore, involves checking 

1. The presence of a voltage im
pulse, 

2. The time the voltage impulse 
is available, 

3. The magnitude of the voltage 
impulse. 

There is no testing device avail
able that can simultaneously check 
these three things. The test light can 
only detect the presence or absence 
of an impulse. The volt-ohmmeter 
approaches the solution", when the 
machine is turned over manually, the 
presence, timing and magnitude of a 
voltage impulse are readily deter
mined, but the reading is static. 
When the machine is run under 
power, conditions may appear which 
are not shown by a static test. The 
need then arises for a device to show 
the conditions existing in a circuit 
under actual operating conditions. 

The dynamic timer makes possible 
the simultaneous checking of the 
presence and timing of a voltage im
pulse. Unfortunately, it operates over 
a wide range of voltages, so there is 
no way of telling if the magnitude of 
the impulse is five volts or fifty volts. 
Provision is also made to give an in
dication of the timing condition of 
contact points. The chief advantage 
of the dynamic timer is that testing 
is done under actual operation, and 
marginal conditions are made evi
dent. Cases have arisen where sources 
of trouble have been detected by a 
few minutes' analysis with the timer 

after as much as two days' unsuccess
ful trouble shooting without benefit 
of the device. 

Construction of the Dynamic Timer 
The dynamic timer consists of a 

power pack assembly and a dynamic 
timer index. The dynamic timer 
index consists of a transparent index 
dial behind which two small neon 
bulbs revolve in synchronism with 
the machine index in the manner of 
a pointer on a conventional index 
dial. It is so timed that at any point 
of machine rotation the neon bulbs 
are behind the proper index timing 
on the transparent index dial. 

The dynamic timer power pack 
assembly, IBM 454105, consists of a 
power supply and two vacuum tube 
amplifiers through which the neon 
bulbs are lighted. These bulbs glow 
for the duration of the impulse or 
contact connected to the proper test 
leads. Thus, the time an impulse or 
contact occurs is shown as a bright 
streak of light on the transparent 
index dial with the starting and end
ing times measured in degrees on the 
machine index. 

Connections 
Six terminal jacks appear on the 

top of the dynamic timer power 
pack. They are arranged in two rows 
of three jacks each. Each row of 
three jacks is associated with one of 
the indicator circuits. The center jack 
in each row is the COM (common) 
hub, color-coded red and is always 
used if the indicator circuit is used. 
The other two jacks are labeled CONT 
(contact) and COIL. 



22 \ E T E R S  A N D  T E S T  D E V I C E S  C U S T O M E R  E N G I N E E R I N G  

_± 
'k 4> J 
C Cont 

© © 

(H 
<_o 

J-
Figure 20. Contact Connection Used 

to Check Duration of Contact 

Contact. Whenever a contact such 
as a relay point or circuit breaker is 
to be tested, the leads are connected 
so that the contact hub is shorted to 
the common hub whenever the ma
chine contact closes (Figure 20). 
This causes a vacuum tube in the 
power pack to conduct and causes 
the neon lamp in the plate circuit to 
glow. No external voltage is used on 
contact connection—only the short
ing action of the contact points. The 
neon lamp glows for the duration of 
time when the points are closed. Ma
chine power must be removed from 
the circuits being tested, and all con
densers must be disconnected to pre
vent a false indication. 

Coil. Whenever the presence of a 
voltage impulse is to be tested, the 
coil connection is used. The timer is 
connected so that the test voltage is 
connected between the common and 
coil hubs with the positive lead con
nected to the (red) common jack. 
This positive injected voltage causes 
the tube to conduct, and the neon 
lamp glows during the time the im
pulse reaches the power pack. If the 
injected voltage is of reverse polar
ity, the tube cannot conduct, and no 
indication will be given by the neon 
/amp(Figure 21). 

I © 
Coil C 

f 
UT 

Figure 21. Coil Connection Used to 
Measure a Voltage or Voltage Drop 

Applications 
Figure 22 shows the connections 

made to measure the timing of any 
voltage impulses. In this diagram the 
circuit breaker impulses of a Type 
402 are being checked. The common 

hub of the dynamic timer is con
nected to the circuit side of the cir
cuit breakers, and the coil hub is 
connected to the fuse common. When 
the circuit breakers make, a voltage 
is injected into the timer, and the 
neon bulb glows. When properly 
timed, the circuit breakers cause in
dications that are aligned with the 
index markings. 

The dynamic timer is being used 
to check a possible cause of machine 
failure on the Type 602A (Figure 
23A). To add into the counters of 
this machine, the counters are started 
at 9 time and stopped with a card 
impulse. If a 9 is to be added, the 
start shot from the circuit breakers 
through C58 must reach the start 
magnet at the same time that the 
stop impulse from the circuit break
ers reaches the stop magnet through 
a 9 hole in the card. If the brush 
which is reading the card has in
sufficient tension, or bounces, the 
stop impulse may be late or weak, 
resulting in the failure to add 9. In 
Figure 23B the inner neon lamp in
dicates the presence of a 9 time start 
impulse, but the outer lamp indicates 
a weak impulse to the stop magnet. 
Figure 23C shows the dynamic timer 
indication when the brush has been 
replaced. 

In Figure 24 the dynamic timer is 
being used to check the lag in the 
pickup time of a relay coil. The im
pulse from a cam is connected to the 
relay pick coil, and the inner lamp 
of the dynamic timer is connected 
for coil indication. The outer lamp 
of the timer is connected for contact 
indication across one of the points 
of the relay. The delay from the 
time the relay is impulsed until its 
contacts close is thus shown in de
grees on the timer index. The time 
in milliseconds can be computed, 
since the speed of the machine is 
known by the following formula: 

Pickup time in milliseconds = 
Degrees Lag X 1000 

Mach. Cycles per Minute X 6 

Example: On the Type 602A a 
relay contact closes 5 degrees after 
the pick coil is energized. 

5 Degrees X 1000 
200 Cycles per Min. X 6~ 

4.17 Milliseconds 

Because the dynamic timer is ex
tremely sensitive, the mere presence 



Figure 22. Timing the Main Circuit Breakers—Type 402 
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- Figure 25. Dynamic Timer Power Supply 

volts are developed across R2, R3 
and R4. On the other half cycle, no 
current can flow because of the recti
fying action of the diode, but the 
four-microfarad capacitor which has 
charged on the preceding half cycle 
now starts to discharge, maintaining 
current through R2, R3 and R4. 
Thus, a fairly constant DC voltage 
drop is maintained across R2, Ko 
and R4 through the whole AC cycle. 

The values of R2, R3 and R4 are 
chosen so that the 260 volts are di
vided proportionately across them, 
providing zero reference volts at 
point A, approximately +55 volts at 
point B, +60 volts at point C and 
+260 volts at D. These voltages are 
available as long as the pack is con

nected to the machine, and for all 
practical purposes they do not change 
when the indicating circuits are used. 

To simplify the discussion of the 
indicating circuits, the voltage drops 
across R2, R3 and R4 can be consid
ered as 200, 5, and 55 volt batteries, 
respectively, connected in series. 
These are the voltages necessary to 
control the indicating circuit. 

The Type 6SL7 vacuum tube con
sists of two triodes in a single evacu
ated envelope. One of these triodes 
is used to control each neon indicat
ing bulb. Two facts about the be
havior of a triode will make clear the 
functioning of this circuit. 

1. When a tube conducts, there is 
a voltage drop across its load resistor 
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Figure 26. Basic Indicator Circuit 

(R1 in Figure 30) determined by 
the current flowing through it in am
peres. 

2. A triode cannot conduct as long 
as the potential of the grid is suffi
ciently negative with respect to that 
of the cathode. If the grid potential 
is gradually made less negative with 
respect to the cathode, a point will 
be reached where the tube will start 
to conduct. This point is the "cut off 
point. In this tube used in this cir
cuit, it occurs when the grid is about 
three volts negative with respect to 
the cathode. In this discussion "nega
tive" may mean "less positive"; that 
is, even if the grid were at -f-5 5 volts, 
the tube would not conduct if the 
cathode was at -{-60 volts, for even 
though the voltage values are plus, 
the grid is still five volts less positive 
than the cathode. 

After the dynamic timer power 
pack is connected to an IBM ma
chine, time must be allowed for the 
tube cathodes to reach operating 
temperature and for the Type 6H6 
tube to rectify enough current to de
velop 260 volts across R2, R3 and 
R4. Figure 26 shows the conditions 
existing in one of the control circuits 
when the timer power pack has 
reached operating potential. The tri
ode is connected in series with Rl 
across the 200-volt supply. The grid 
of the triode is connected through 
R5 and R6 to the zero potential end 
of the power supply, and since no 
grid current is flowing, the grid is 60 

volts less positive (or more nega
tive) than the cathode, which is con
nected to the 60-volt point of the 
supply. Under this condition, the tri
ode cannot conduct. With no current 
flowing through the tube and Rl, no 
voltage is developed across Rl, and 
the neon lamp in parallel with Rl is 
dark. The entire 200-volt supply ap
pears across the plate circuit of the 
triode. 

In order to cause the neon lamp to 
glow, the triode must be made to 
conduct. Conduction is only possible 
when the grid voltage is positive or 
when not more than two volts nega
tive with respect to the cathode. Two 
methods of causing conduction are 
provided: . 

1. For testing a contact with no 
external potential, the grid can be 
shorted to the cathode by the con
tact. With the grid at cathode poten
tial, the tube will conduct. 

2. In testing for the presence of 
an external voltage, the voltage can 
be injected on the grid in such a 
manner that the grid is driven posi
tive, and the tube will conduct. 

Figure 27 shows the connections 
for testing a contact. The clip leads 
are brought from the common and 
contact hubs to the terminals of the 
contact. Note that the contact must 
be disconnected from machine cir
cuits. When the contact closes, a cir
cuit is set up from the grid through 
R6, through the contact to the cath
ode. The 60-volt supply causes a 



current through R5, but this is lim
ited to 0.4 milliampere. With the 
grid at cathode potential, the tube 
will conduct, and the 200-volt supply 
will now divide as indicated. Thirty 
volts are developed across the plate 
resistance of the tube, and 170 volts 
are developed across R1 and the 
neon lamp. The lamp glows, causing 
a streak of light to appear on the 
index for the duration of the time 
the contact is closed. As soon as the 
contact opens, the negative 60-volt 
potential returns to the grid, cutting 
off the triode. 

For testing any external voltage, 
the connection is made as in Figure 
28. The elements inside the broken 
line represent the 40-volt power sup
ply and a magnet coil on an IBM 
machine. In Figure 28 the magnet is 
connected between coil and common 
hubs of the dynamic timer power 
pack, but the magnet is not ener
gized, and, therefore, no voltage is 
developed across the magnet. The 
+55 volt potential is, therefore, ap
plied through the magnet coil to the 
grid of the triode, and since the cath
ode is at a potential of +60 volts. 

Figure 28. Coil Connection—No Voltage Applied 
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Figure 29. Coil Connection With Voltage Applied 

the grid is five volts negative with 
respect to the cathode, and the tube 
cannot conduct. Therefore, the neon 
lamp is dark. In Figure 29 the mag
net coil is energized by the machine 
power supply and 40 volts are devel
oped across the magnet with the po
larity shown. The 40-volt potential 
is injected in the triode grid circuit, 
resulting in a net voltage of +35 
volts on the grid. The triode will 
now conduct, and the neon lamp will 
glow. With this connection, the dy
namic timer index lamp glows only 
when voltage is applied across the 
magnet coil. 

Notice the effect of reversing the 
elements inside the broken line. If 
the potential applied across the mag
net coil were reversed, the polarity 
of the voltage developed across the 
magnet would be reversed, and the 
grid of the triode would be driven 
negative by a —45 (40 + 5) volt 

potential. The triode would never 
conduct under these conditions. It is 
important that the leads be properly 
connected when using the coil con
nection in order that the injected 
voltage can drive the tube into con
duction, but no damage will result if 
the leads are reversed. The tube will 
start to conduct with a minus two-
volt potential on the grid, and, there
fore, the voltage injected into the 
circuit can be as little as three volts. 
However, as the characteristics of 
the triodes vary, not all triodes will 
conduct sufficiently to cause the 
neon bulb to glow, when only three 
volts are injected. All should cause 
an indication when five volts are in
jected. 

Voltage and Current Data 
The following chart of voltage and 

current values is furnished for those 
who may wish to analyze the dy-

VOLTAGE AND CURRENT CHART 
TUBE CONDUCTING ON CONTACT OPERATION 

VOLTAGE MEASURED 
Supply (across R2) 
Cathode to plate 
Across RI 
Across R3 
Across R4 
Cathode to grid 
Across R5 
Across R6 
Measured plate current 

NEON BULB OUT 
205 volts 
55 volts 

150 volts 
5 volts 

55 volts 
—A volts 
60 volts 
—.4 volts 

.8 milliamps 

NEON BULB IN 
190 volts 
125 volts 

65 volts 
6 volts 

65 volts 
—.3 volts 
71 volts 
—.3 volts 
2.2 milliamps 
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TUBE CONDUCTING ON COIL OPERATION 

VOLTAGE MEASURED 
Supply (across R2) 
Cathode to plate 
Across R1 
Across R3 
Across R4 
Cathode to grid 
Across R5 
Across R6 
Measured plate current 

NEON BULB OUT 
205 volts 

20 volts 
185 volts 

6 volts 
54 volts 
-(-.8 volts 

108 volts 
48 volts 

.9 milliamps 

NEON BULB IN 
180 volts 
110 volts 

70 volts 
8 volts 

67 volts 
-|-.6 volts 

115 volts 
40 volts 
3.1 milliamps 

namic timer operation in greater de
tail, and as a guide in case it be
comes necessary to repair a faulty 
timer in the field. 

Figure 30 shows the complete 
schematic of the dynamic timer 
power pack. 
NOTE: These measurements were 
taken on a dynamic timer power 
pack connected to a Type 402 ma
chine. All measurements were made 
with a Simpson 20,000 ohms per volt 
meter. The input to the power pack 
vibrator was 48 volts DC. The pul
sating DC output of the vibrator 
measured approximately 100 volts 
with the meter set to measure AC. 
The AC output across the secondary 
of the transformer was 280 volts. 

The following comments will help 
in interpreting the values given on 
the chart. A study of the chart shows 
that the voltage supplied to the 
6SL7 plate circuit (voltage across 
R2) varies under different operating 
conditions. The value of this voltage 
depends partly on how heavily the 
6SL7 is conducting. Tube current is 
returned to the cathode through R4 
and R3, and the voltage drop across 
them depends partly on this cathode 
return current, as well as the bleeder 
current drawn by the 6H6 rectifier. 
Since the total available voltage 
across R4, R3 and R2 is 260, any 
increase in that across R4 and R3 
will result in a similar decrease in 
that across R2. Thus, any change in 
the circuit which causes more or less 
current to be drawn from the cath
ode will be accompanied by a change 
in the supply voltage. 

In the description in the preceding 
section on how the voltage necessary 
was developed across R1 to ionize 
the neon bulb, no consideration was 
given to the effect of the neon bulb 
on the circuit when it suddenly ion
izes and conducts. Actually, the volt
age across R1 only tends to rise to 
the 170-volt value. The minimum 

voltage necessary to ionize the neon 
bulb is much less than this, however, 
so that the bulb fires before this 170-
volt value is ever reached. When the 
bulb fires, it becomes effectively a 
low resistance in parallel with the 
load resistor, Rl, so that the value of 
load resistance once the bulb has 
fired is much less than 220,000. (It 
is actually of the order of 25,000 
ohms). This sudden change in load 
resistance causes an increase in plate 
current from .8 milliamps to 2.2 mil
liamps with an accompanying de
crease in supply voltage from 205 to 
190 when operating on contact, and 
an even greater decrease on coil, 
since here the grid is slightly posi
tive, and the tube is conducting more 
heavily. 

In explaining how the voltage 
drop across the load resistor is pro
duced, it was assumed that the tube 
had a resistance of 40,000 ohms, a 
value which was approximated from 
the tube curves. 

In all of the above discussion, it 
should be remembered that the cur
rent, voltage and resistance values 
used represent approximate values. 
They were obtained by actual meas
urement from a dynamic timer power 
pack, but because of allowable vari
ations in tubes, resistors and other 
circuit components cannot be re
garded as exact values which should 
exist in all power packs. They should 
be regarded as representative of the 
approximate order of magnitude of 
the values which should exist in any 
power pack. 
NOTE: On machines with perma
nently-mounted dynamic timers, the 
timer is fastened to a continuously-
running shaft, and the timer index 
rotates once for each machine cycle. 
The carbon brushes that make con
tact with the rotating slip rings are 
subject to wear, and the carbon dust 
worn from the brushes may accumu
late between the slip rings. Because 
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electronic circuits can operate 
through high resistance shorts, an ac
cumulation of carbon dust between 
the slip rings may cause failure of 
the timer. If the two rings supplying 
a neon lamp have carbon dust be
tween them, the lamp may fail to 
light. It is also possible for carbon 

dust to cause a change in one circuit 
to light the lamp in the other circuit, 
giving a false indication. For this 
reason, the slip rings and carbon 
brushes of the timer should be kept 
clean, and inspected each time the 
timer is used. 

T H E  C A T H O D E - R A Y  O S C I L L O S C O P E  

THE oscilloscope has been used in 
laboratories and industry for many 
years to study magnitudes of current 
strength and voltages in connection 
with transient and cyclic phenomena. 
With the rise of television and elec
tronic calculators its use has spread 
rapidly to various types of mainte
nance work. An oscilloscope is being 
supplied as an IBM office tool to assist 
in the analysis of some of the more 
difficult problems encountered in the 

field. The addition of the single-
sweep feature allows the oscilloscope 
to be synchronized to the IBM ma
chine. When synchronized, the oscil
loscope combines some of the ad
vantages of the voltmeter and the 
dynamic timer and gives a graphic 
presentation of voltage magnitudes 
at any point of machine index. 

Where the volt-ohm meter em
ployed a scale and pointer, the cath
ode-ray oscilloscope uses a beam of 

j, ji jt J* 

lUiit Function Switch 52 

Horizontal Input 
Switch S5 

Horizontal Gain 
Control R18 

Range Switch SI 

Horizontal Position 
Control R22 

Intensity 
Control R49 

Fuse Single Sweep Switch S6 

Figure 31. Waterman Oscilloscope 
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electrons. This beam originates at a 
cathode at the rear of the instrument 
and is focused to form a point of 
light where the beam strikes a fluo-
rescent screen. 

The electron beam passes between 
two pairs of deflection plates, and a 
voltage impressed on the deflection 
plates moves the electron beam from 
its position in the center of the lumi
nescent screen. A voltage connected 
to the horizontal deflection plates 
will move the spot of light horizon
tally, while a voltage impressed on 
the vertical plates deflects it verti
cally. The volt-ohm meter has me
chanical inertia and cannot follow in
stantaneous changes of voltage. The 
electron beam has virtually no in
ertia and can follow extremely rapid 
variations of voltage. 

Applications 
The cathode-ray oscilloscope is in

tended as an aid in the solution of 
the more difficult service problems 
where a marginal condition causes 
an occasional machine failure. It will 
be of greatest service on machines 
utilizing vacuum tubes, where a 
small, stray voltage reaches the grid 
of a tube, causing it to conduct. The 
chief advantage of the oscilloscope is 
its ability to show instantaneous val
ues of current and voltage; a dynamic 
timer cannot follow the rapid varia
tions which the oscilloscope can de
pict. The voltmeter and dynamic 
timer will generally serve on ma
chines without vacuum tubes, but on 
occasions the oscilloscope may be 
needed to detect such conditions as: 

1. Bouncing reading brushes 
2. Bouncing cams 
3. Bouncing relay points 
4. Excessive surge voltages 
5. Weak electronic tubes. 
The usual procedure in using the 

oscilloscope is to connect the circuit 
to the IBM machine, first making 
certain that the power is off. Then 
turn the power on and adjust the 
oscilloscope for the best trace ob
tainable. The leads used to connect 
the oscilloscope to the machine will 
pick up stray electric fields, but the 
effect of this pickup can be mini
mized by connecting the bmder post 
J3 to machine ground. At times it 
may be desirable to have other volt
ages connected to post J3, and in 
that case the oscilloscope can be con
nected to machine ground through a 
.5 microfarad capacitance, IBM part 
100742. This capacitor by-passes the 

stray pickup without short-circuiting 
the power supply. Care should be 
taken when this procedure is used to 
avoid a shock, as the oscilloscope 
case and machine ground may be at 
different potentials. 

Procedure for Setting Up 
the Oscilloscope 

1. Ground the oscilloscope to the 
frame of the IBM machine by con
necting a clip lead between oscillo
scope binder J3 and the machine 
frame. 

2. Connect the oscilloscope to the 
110-volt AC power line. 

CAUTION: The oscilloscope cannot 
be connected to any other voltage 
supply. Do not connect the oscillo
scope to the power receptacle on any 
machine but 110-volt AC machines. 

3. The oscilloscope ON-OFF switch 
is located on the INTENSITY control. 
Turn this control slightly clockwise 
until a click is heard. The electron 
tubes require about one minute to 
reach operating conditions. 

4. Turn the HORIZONTAL and VER
TICAL POSITION controls to a position 
midway in their range of rotation. 

5. Turn the RANGE switch to its 
most counterclockwise position (3-15 
cycles per second). 

6. Rotate the SYNC/LNT control 
counterclockwise to zero. 

7. Set the HORIZONTAL GAIN con
trol to about 8. 

8. Turn the SINGLE-SWEEP switch 
(centered under the screen) to the 
CONTINUOUS position. 

9. Turn the INTENSITY control 
clockwise until the electron beam 
appears on the screen. 

10. Adjust the FOCUS control to 
make the electron beam as sharply 
defined as possible. 

11. Connect the source of voltage 
to be observed between oscilloscope 
binder posts J2 and J3, with the 
more positive potential connected to 
J2. 

12. Attach the single-sweep con
tactor to the machine and connect 
the leads to binder posts J3 and J5'. 
If a digit selector is available, a digit 
contact may be used instead of the 
contactor. The contacts should be 
adjusted to break just before the de
sired signal occurs. Turn the SINGLE-
SWEEP switch to the SINGLE-SWEEP 
position. 

13. Operate the machine and ad-
just the vertical gain control to 
cause the signal voltage to appear on 
the screen at a convenient amplitude. 
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Figure 32. Checking 1 

The VERTICAL INPUT switch should 
be set to LOW. 

14. The oscilloscope trace may be 
moved vertically by adjusting the 
VERTICAL POSITION control. Adjust-
ing the HORIZONTAL POSITION control 
moves the trace laterally. The trace 
may be expanded or contracted by ad
justing the HORIZONTAL GAIN CON
TROL. 

15. Where contact operation is 
to be observed and no voltage is 
present, the contact is arranged to 
short-circuit any two adjacent binder 
posts of the three fixed vertical de
flection posts to the left of the FRE
QUENCY control. 

16. The FREQUENCY control is a 
fine adjustment on the RANGE switch. 
The RANGE switch setting indicates 
the range of sweep frequencies for 
which the FREQUENCY control can be 
adjusted. 

17. On the Type 604 and the 
Card-Programmed Calculator a syn
chronizing voltage pulse is connected 
between binder posts J3 and J4. The 
SYNCHRONIZING INTENSITY control is 
then turned clockwise until the sweep 
synchronizes with the Type 604. The 
very minimum sync, voltage to lock 

ower Supply Ripple 

the sweep should be used, as other
wise the linear time base may be 
distorted. 

Voltage Fluctuations in 
Machine Power Supplies 

Figure 32 shows the connections 
made in order to observe the fluc
tuations in the DC power supply. 
With the range switch set to position 
2 (15-75 cps) and the sync, switch 
set to line, the frequency and sync, 
intensity controls are adjusted until 
any ripples or fluctuations appear to 
stand still. A good power supply 
should deflect the trace evenly as in 
Figure 32A. Sometimes a bouncing 
generator brush or an excessive load 
applied suddenly will cause a mo
mentary drop in voltage as in Figure 
32B. The excessive load may be due 
to a mechanical shock, such as a 
clutch latching, applying a sudden 
load to the motor, and, hence, the 
generator. It is also possible that 
building machinery such as elevators 
or power presses may cause sudden 
drops in line voltage. 

On machines employing electronic 
tubes, the sudden drop in voltage 
may allow tubes to conduct, giving 
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@ 

Figure 33. Checking for Bouncing Reading Brushes 

a false reading on the Type 77, or 
causing an extra punch on the mark 
sensing reproducer. This test may 
help locate intermittent failures 
caused by surge voltages from the 
power supply. 

Checking the Condition 
of Reading Brushes 

The condition of the reading 
brushes on any machine may ^ be 
checked by making the connections 

shown in Figure 33. The digit se
lector or contactor is connected be
tween oscilloscope binder posts J3 
and J5 in order to start the trace 
just before 5 time. At 5 time the 
brush makes through the hole in the 
card and causes the deflection of the 
beam for the duration of the brush. 
Figure 33A shows the normal oscillo
scope pattern, while Figure 33B 
shows the pattern when the brush is 
bouncing due to insufficient tension. 

Selector 

Make at 
"6" time 
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0 
Fuse Common 

Figure 34. Circuit Breaker Impulses 

Circuit Breaker Impulses 
The pattern of CB impulses may 

be checked by connecting the oscil
loscope as in Figure 34. Notice that 
the impulses seem crowded at the 
right-hand end of the trace because 
of the non-linearity of the sweep 

when used on single-sweep feature. 
To avoid this distortion, the impulse 
that is to be observed should be 
brought to the left end of the trace. 
This may be accomplished by ad
justing the contactor or moving the 
digit selector to break just before 
the desired impulse. 

€» 
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B. With Suppression 
Circuits 

Contactor 
or Digit Selector 

Makes 
7 time 

5-Hole in 
Card 

A. Without Suppression 
Circuits 

Counter 
Add 

Magnets 

Suppression 
Circuit 

Figure 35. Counter Surge Voltages With and Without Arc Suppression 

The effect of counter electromo
tive force caused by the collapse of 
the magnetic field around a coil is 
shown in Figure 35. The cir^u1^ 
breaker voltage impulse is disturbed 
by a large negative spike caused 
when the energizing voltage is re
moved from the coil. Figure 3513 

shows the same impulse after the ad
dition of an arc-suppression network 
consisting of a condenser and resistor 
in parallel with the circuit breakers. 
Notice the change in the CB impulse 
wave-shape. This is due to the slow 
discharging of the condenser. 
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A. Normal Pick 
Current 

B. Sluggish Relay 
Armature 

Figure 36. Current in Relay Coil 

Current Measurement 
Through Coils 

In order to use the oscilloscope 
to portray current through a circuit 
element, a voltage that is always 
proportional to the current must be 
supplied to the vertical amplifier. 
This voltage is obtained across a 
two-ohm resistor, IBM part 103235, 
connected in series with the circuit 
element. Figure 36 shows the pattern 
of the current caused by a 25-milli-
second pick impulse to a relay coil. 
The notch in the curve is caused by 
the sealing of the armature. When 
voltage is applied to a coil, the cur
rent and magnetism tend to increase 

in a smooth curve; however, when 
the magnetic path is changed by 
pressing the armature against the 
core, a momentary change in current 
occurs. The change in the magnetic 
circuit is translated into a change in 
the electric circuit and causes a notch 
to appear in the curve. Figure 36A 
shows the normal pattern of current 
in a 12-position wire contact relay 
pick coil, while Figure 36B shows 
the pattern when the same type of 
relay has too much tension on the 
wire contacts. It requires 20 millisec
onds to seal the armature and this 
condition might cause an occasional 
failure. 
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A. Oscilloscope 
Calibration 

Shorted Tube 

Figure 37. Testing Type 25L6 Vacuum Tubes on Collators 

Testing Type 25L6 Vacuum Tubes 
on Collators 

Figure 37 shows a setup for mak
ing a dynamic test on 25L6 vacuum 
'tubes used on collators For this 
application, the cathode-ray screen 
must be calibrated m voltage To 
calibrate the screen, connectacon 
trol panel wire between binder posts 
J2 and J3 to assure that no 
voltage reaches the ve:rtica_ P 
fier. With the VERTICAL P0SI™£ 
control, move the electron besm o 
the center of the screen. K tte nW 
plastic screen is available, the 
line is used as a reference.lt is some 
times preferable to draw a line oi-

rectly on the scope face with a foun
tain pen. Do not touch the vertical 
position control once the trace is 

CeTheefumper between bmder posts 
T2 and J3 is now removed, and clip 
leads are connected to these binder 
posts. The output of the 48-volt sup
ply is connected between posts J2 
and J3, with post J2 connected to 
the positive side of the power supply • 
Thi^ will cause a deflection of the 
electron beam to a point above the 
center of the screen. Using the VE 

TICAL GAIN control, move the ele 
tron beam to a convenient position 
to represent 48 volts on the screen. 
If the ruled plastic screen is used, 
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the electron beam is set to coincide 
with one of the darker lines above 
center screen. Otherwise, set the 
beam about three-quarters of the 
way between the center of the screen 
and the top, and make a mark on the 
tube face. Divide this distance into 
four equal parts, each representing 
12 volts. Do not touch the VERTICAL 
GAIN control once it has been set. 
The oscilloscope is now calibratea 
for voltages applied to the vertical 
amplifier. 

A deck of cards with a common 
digit in a selected column must be 
used. As an example, the, seven 
punch will be used in this lU"stJa 

tion. The contactor is connected be
tween binder posts J3 and J5 and is 
adjusted to break just before seven 
time. With the collator feeding cards, 
when the contactor breaks, condenser 
C12 of the oscilloscope will begin to 
charge, moving the electron beam 
horizontally across the screen, 
reading brush will read the seven 
hole a moment later, causing the 
25L6 to conduct. The leads from 
binder posts J2 and J3 are now con
nected across the setup magnet in 
the manner shown. Binder J 2 must 
be connected to the setup magnet 
common if a positive deflection is to 
result. The voltage drop across tne 
plate load is thus presented on the 
cathode-ray screen. 

Before the Type 25L6 tube is 
caused to conduct, no plate current 
flows through the inductive setup 
magnet, and no voltage is developed 
across the magnet. Thus, no deflec
tion appears on the trace (Figure 
37B). When the tube begins to con
duct, current begins to flow through 
the magnet coil. Because the rate o 
change of current during this time is 
very high, the inductive reactance of 
the magnet coil is very high; conse
quently, the voltage developed across 
the combined reactance and resist
ance of the coil is very high. This 
voltage appears as the high positive 
spike on the oscilloscope trace. As 
the value of the current through the 
coil increases, the rate of change o 
this current decreases and the induc
tive reactance decreases. Thus, the 
voltage developed across the coil de
creases to a final value determined 
by the DC resistance of the coil. 
When a good 25L6 is tested, the final 
value of voltage across the coil 
should be greater than 16 volts. Fig
ure 37B shows a value of about 25 
volts on the level portion of the de

flected trace. This is the value, of 
voltage read in the standard collator 
tube test. . .. 

When the card moves on and the 
brushes leave the seven hole, the 
negative bias voltage returns to the 
grid of the tube, cutting off the plate 
circuit. The magnetic field around 
the setup magnet collapses, genera -
ing a counter voltage that causes the 
negative spike on the trace. When 
the magnetic field has dropped to 
zero, the trace returns to the center 
of the screen. 

Figure 37C shows the trace given 
by a weak tube. Barely twelve volts 
appear across the setup magnet, 
causing the position to fail occasion-
ally. 

Figure 37D shows the trace given 
by a defective tube in which the 
control and screen grids are shorted 
together. These electrodes form a 
voltage divider across the power sup
plies so the grids are at a positive 
potential with respect to the cathode, 
and grid and plate current flows. 
The base line of the trace is, conse
quently, displaced slightly upward. 
When the brush makes on the con
tact roll, the grid is connected to the 
cathode, causing a drop in plate cur
rent since both grids are at cathode 
potential. The surge voltages are the 
clue to this condition, as they are of 
opposite polarity to those of a nor
mal tube. 

Using the Fixed Vertical 
Deflection Circuit 

The fixed vertical deflection cir
cuit makes possible the simultaneous 
presentation of the operation of two 
contacts. In Figure 38 the circuit is 
being used to show brush and CB 
timing on a Type 405. The machine 
wires must be removed from CB's 
1-4 and from the common brush on 
the contact roll. A digit selector is 
used to start the oscilloscope trace 
by connecting binder posts J3 and J5 
momentarily at 6 time. A deck of 
cards with 5 holes in column 1 and 
column 80 must be prepared. 

When the machine is operated, the 
digit selector will close the circuit 
between oscilloscope binder posts J3 
and J5 at 6 time. Nine degrees later 
this circuit will be opened, and .the 
sweep capacitor in the oscilloscope 
will begin to charge, moving the 
electron beam from left to right 
across the screen. Seven and one-half 
degrees later the first brush strands 
should make through the 5 hole in 



Figure 38. Brush and CB Timing 

the card. The brush contact shorts 
binder post 1 to common and causes 
the oscilloscope trace to be raised 
about one-half inch. A moment later 
the circuit breakers will close, short
ing binder post 2 to common and 
raising the trace another one-half 
inch. Nine degrees later the CB s 
will open, followed by the brush pull
ing out of the hole, which returns the 
trace to the base line. Check brushes 
at both ends of the card to make 
certain that the cards are feeding 
evenly. . 

Another interesting application 
using fixed vertical deflection and 
the single-sweep feature is shown m 
Figure 39. Here the oscilloscope is 
being used to check the condition of 

the carriage brushes and the carriage 
circuit breaker on the Type 923 Car
riage. A tape is punched as shown to 
serve as the control unit. The wires 
must be removed from the carriage 
CB and brushes 1 through 4. Binder 
posts J3 and J5 are connected to 
carriage brushes 1 and 2, and J3 is 
connected to the frame of the Type 
923 Carriage. This connection brings 
the chassis of the oscilloscope to the 
machine ground potential and re
duces stray pickup. The fixed verti
cal deflection binder posts are con
nected with the common binder post 
connected to both the carriage CB 
and brush 3; and the other sides of 
these units are connected to binder 
posts J1 and J2. 

p f F F R E N C E  M A N U A L  

Disconnect 
Wire 
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Digit Selector 
or Contactor 
Makes for 6 
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Note: Pulses "A" & "B" 
must be the some width. 

Figure 39. Checking Brush and CB—Type 923 Carriage 

When the restoring button on the 
carriage is depressed, the carriage 
commutator will spin and carry the 
tape past the brushes. In the first 
line of the tape, brushes 1 and 2 will 
be connected through the tape and 
commutator, shorting J3 to J5 and 
discharging the sweep condenser. 
When the tape moves on, this con
nection is broken, and the sweep 
starts across the face of the tube. 
Channel 3 has three successive holes 

cut in it, and brush 3 will make im 
mediately, staying made for three 
lines because the brushes overlap the 
separations between the holes. Chan
nel 4 has one hole on the line with 
the middle hole in channel 3, so the 
pattern of brush 4 will be used as 
the test. When brush 4 makes, a cir
cuit is established through brushes 3 
and 4 to short the number 2 fixed 
vertical deflection binder post to the 
common. Each time the carriage CB 

Carrioo* 
CB 

Control 
Tape 
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Fuse Common 
Figure 40. Generator Ripple Suppression 

makes, the number 1 fixed vertical 
deflection binder post is shorted to 
the common. 

The cross-hatched areas in the 
oscilloscope pattern (Figure 39) rep
resent the times when the carriage 
CB is made, and the perimeter shows 
the fixed vertical deflection due to 
shorting posts 1 and common, I he 
stippled area represents the time 
brush 4 makes contact with the com
mutator and is easily identified by a 
raggedness of trace due to brush 
bounce. The highest deflection oc
curs when both the brush and the 
carriage CB are made. 

The range switch should be set to 
the lowest range, and the frequency 
switch set between 4 and 7. The hori
zontal gain control should be set to 
its maximum position. The pla en 
clutch should be disengaged, and the 
high-speed interposer should be at
tracted manually before the restore 
button is depressed. 

CAUTION: DO not allow the carriage 
to operate for too great a length o 
time under this condition, as the in
terposer magnets will be overheated. 
Make certain that the trace is linear: 
pulse A must be very nearly the 
same length as pulse B, or the sweep 

is too distorted to give an accurate 
trace of the timing condition. 

The carriage CB should make after 
i/6 of the brush duration time has 
passed. The CB duration is half of 
the brush duration, leaving a time ot 
V> of the brush duration after the 
CB has opened. There are two screws 
in each of the socket screw positions 
of the circuit breaker cam; the sec
ond screw acts as a lock for the first 
screw. Loosen the cam and adjust 
timing, if necessary. 

Generator Ripple 
Prior to May, 1950, all major IBM 

machines used motor-generator sets 
to supply DC power. Unfortunately, 
the generators supply DC vo tage 
that has considerable ripple voltage 
superimposed on it, and the ripp e 
voltage may interfere with the oscil
loscope trace. A filter to decrease the 
effect of this ripple may be con
nected as shown in Figure 40. This 
filter will improve the oscilloscope 
trace by causing the ripple voltage 
to be developed in the resistance, 
while the signal voltage is developed 
across the capacitor and will, there
fore appear on the screen. However, 
the charging and discharging time of 
the capacitor will distort the oscillo
scope trace slightly. 
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Figure 41. Cathode-Ray Tube 

Construction 
It is important that the construction 

of the oscilloscope be understood if 
it is to be applied effectively to the 
problems encountered. The oscillo
scope consists of a cathode-ray tube, 
a power supply to develop voltages 
necessary for operation, two ampli
fiers, and a time base oscillator. 

The heart of the oscilloscope is 
the cathode-ray tube, as it is upon 
the face of this tube that the pattern 
of the voltages under test will be ob
served. The cathode-ray tube is a 
long, evacuated, glass envelope, or 
tube, shaped as shown in Figure 41. 
At the small end of this tube is the 
cathode, which is a small button of 
material that emits electrons freely 
when heated by the heater filament. 
A system of positively charged elec
trodes forms the electrons into a nar-

First 
Accelerating 

Anode 

Cathode 

row beam and accelerates and directs 
them to the screen of fluorescent ma
terial that covers the large end of 
the tube. Where the beam of elec
trons strikes the screen, a spot of 
visible light is produced. Focusing is 
accomplished by causing the electron 
beam to pass through a series of 
electrostatic fields of different inten
sity. An electron beam entering a 
field of rising potential is accelerated 
and concentrated in a manner com
parable to the action of a converging 
lens on light rays. An electron beam 
entering a field of lowered potential 
tends to spread out. When the elec
trostatic fields are properly arranged, 
the electron beam can be focused in 
much the same manner that light 
rays are focused. Figure 42 shows 
how a decreasing and then an in
creasing field focuses the electrons 

Heater 

Focusing 
Anode 

i zf-n-a 

+ 525V + 150 V + 525 V 

Second 
Accelerating 
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Screen 

Focused 
Electron 

Beam 

Grid 
Figure 42. Electrostatic Focusing 



F F F R E N C E  M A N U A L  M E T E R S  A N D  T E S T  D E V  

Figure 43. Vertical Cathode-Ray Deflection 

into a pin point at the fluorescent 
screen. 

This tiny spot of light must be de
flected from its normal position in 
the center of the screen if it is to 
impart any information. The spot is 
caused by a stream of electrons, 
which are negatively charged parti
cles. These negative particles are at
tracted by positively charged objects 
and repelled by objects with a nega
tive charge. This principle called 
electrostatic deflection is used in the 
cathode-ray tube to deflect the elec
tron beam from its central position 
on the screen. Two pairs of deflec
tion plates allow the electron beam 
to be deflected along two axes. The 
vertical deflection plates move the 
beam vertically on the face of the 
screen. The vertical direction is 
sometimes called the Y axis. The 
horizontal deflection plates move the 
beam horizontally across the face of 
the screen, and this direction is 
sometimes called the X axis. When 
different potentials are applied to 
the deflection plates, the electron 
beam is deflected so that the lumi
nous spot can be moved to any posi
tion on the face of the tube. 

As the electrons speed between 
the two pairs of plates, the electron 
beam will be unaffected if no poten
tial difference is applied to the plates. 
If the voltage on the upper plate is 
increased and the voltage on the 
lower plate is reduced (Figure 43), 
the electron beam will move up
ward. The deflection is proportional 
to the voltage difference of the 
plates; if 40 volts deflects the beam 
1/2 inch, 80 volts would deflect it 
one inch. Therefore, it is possible to 
measure voltages by calibrating the 
cathode-ray screen and applying volt-
ages to the vertical deflection plates. 

In order to show the voltages ap
pearing in a circuit over a period of 
time, the electron beam can be swept 
horizontally across the face of the 
tube at a fixed time rate, while volt
age impulses are applied to the ver
tical deflection plates. To determine 
what type of voltage should be used 
on the horizontal plates, it is neces
sary to consider the problem to 
which the oscilloscope is being ap
plied. In the application of the oscil
loscope to most IBM machines it is 
desirable to show the amplitude of 
the pulse with respect to machine 

Second Accelerating Anode 

Vertical Deflection Plate? 
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timing, and the voltage applied to 
the horizontal deflection plates should 
have a relationship to time. If the 
left horizontal deflection plate is 
made positive, the electron beam 
will be deflected to the left of the 
screen. If the potential on the right 
deflection plate is now increased 
until it is twice that on the left plate, 
the electron beam will move to a 
corresponding point on the right side 
of the screen, tracing a line, or 
sweep, as it moves. The voltage 
wave shape necessary to cause this 
sweep to be linear with respect to 
time is called a saw-tooth voltage 
(Figure 44) because of its graphic 
appearance. This voltage is gener
ated by a saw-tooth generator. The 
output of the generator is applied to 
the horizontal deflection plates (Fig
ure 45). The voltage is zero at zero 
time, and the electron beam is at 
point A on the face of the tube be
cause of biasing voltage. As time 

Voltage applied to horizontal 
deflection plates 

Figure 45. Linear Time Base 
Deflection 

elapses, the voltage from the saw
tooth generator increases in a linear 
manner, until it reaches point B, 
when the electron beam has been de
flected to the right side of the tube. 
At the end of this cycle, the voltage 
decreases to zero almost instantane
ously, and the electron beam flies 
back to point A. To prevent infor
mation from being presented on the 
return trace, the electron beam is cut 
off, or "blanked," on the return 
sweep. The line A-B on the face of 
the screen is then retraced. The eye 
sees this moving point of light as a 
line, because of an optic effect called 
persistence of vision, and because 
the screen glows for a moment after 
the electron beam has moved away. 
The length of time that the screen 
glows is known as the persistency of 
the screen. 

If the frequency of the time base 
generator is synchronized with the 
index of an IBM machine, the sweep 
will start from the left side of the 
screen as the machine index passes 
zero; the spot would be in the middle 
of the screen at 180 degrees, and it 
should be at the extreme right at 
360 degrees. If this were possible, a 
complete index would have been de
veloped along the time base. Since it 
is impossible to have the spot return 
instantaneously to the left end of the 
screen, this condition can only be 
approached. There will always be 
distortion of the time base at each 
end of the trace. For this reason it is 
advisable in most cases to adjust the 
time the sweep is started in order to 
cause the observed impulse to ap
pear in the center of the screen. 

Circuit Description 
Tc simplify the discussion of the 

circuits in the oscilloscope, the dia
gram has been broken down into 
component circuits, which will be 
discussed individually in the follow
ing order: 

1. Power supply 
2. Vertical and horizontal ampli

fiers 
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3. Fixed vertical deflection 
4. Time base oscillator 
5. Time base synchronizing cir

cuit 
6. Single-sweep feature 
7. Blanking 
The voltage requirements for the 

cathode-ray tube are higher than 
those encountered in most test equip
ment. The other tubes used in the 
oscilloscope require lower voltages. 
Two power supplies are used in order 
that all voltages will be reasonably 
safe to personnel using the instru
ment with respect to ground. One 
supplies a positive 300 volts and is 
used throughout the unit as a plate 
supply. The other develops 400 
volts, is connected so that it is nega
tive with respect to ground, and is 
used only for the cathode-ray tube. 
Combining these voltages will pro
vide 700 volts between certain ele
ments of the cathode-ray tube. 

Care should be exercised when 
working on any of the circuits, as 
these voltages can be dangerous to 
life under certain conditions. One 
should also be careful when checking 
voltages, as a voltmeter can easily be 
damaged if the wrong scale is used. 
High voltages appear at the binder 
posts on the terminal strip behind 
the cover plate on the rear of the 
oscilloscope. Connections at binder 
posts should only be changed when 
the oscilloscope is disconnected from 
the line. . ,. 

Figure 46 shows a schematic dia
gram of the two-power supplies, the 
voltage divider network, and the 
points at which the voltages are ap 
plied to the cathode-ray tube. 

When the switch on the intensity 
control is turned on, the primary 
winding of the power transformer is 
connected to the power line and a 
voltage is induced in the secondary 
having the rms (root mean square) 
values shown with respect to groun . 
The peak voltage between the ends 
of the transformer is equal to 

(300 + 330) X V 2 = 890 volts 

During the half-cycles that the 
secondary has the polarity indicate 
in parentheses, electrons can flow 
from the winding to diode V62 cath
ode to plate, through R49, R51, K64, 
R53, R47, R48, cathode to plate 01 
diode V61, to the positive end of the 
winding. Because there are voltage 
drops in the diodes, about 700^ vo s 
are developed across the resistors. 
Because of the manner in which the 

transformer is center-tapped, these 
700 volts appear as a —400 and 
+300-volt potential with respect to 
ground. . 

Since more current is required tor 
the +300-volt supply, an auxiliary 
path is provided for electrons from 
the transformer center-tap through 
ground to R17, R47, R48, cathode to 
plate of diode V61 to the 330-volt 
side of the transformer. The ampli
fiers are supplied by a circuit in 
parallel with R47 and R17. Capaci
tors C20A and C20B, in conjunction 
with R48, form a filter network 
which filters the output voltage and 
causes a steady DC potential to be 
supplied to the amplifiers. The time 
base oscillator is fed through a sepa
rate filter, R44, C20C, in order that 
changes in current requirements ot 
the amplifiers do not disturb the 
supply voltage to the time base os
cillator. The frequency of the time 
base oscillator could be changed by 
variations in the supply voltage. 

Vertical and Horizontal Amplifiers 
Figure 47 shows the vertical am

plifier circuit. The horizontal ampli
fier circuit is almost identical. Since 
the amplifier must be capable of am
plifying direct, as well as alternating 
current potentials, a direct-coupled 
amplifier is used. This amplifier takes 
a single-ended input (one signal volt
age with respect to ground) and am
plifies and transforms it into a dou
ble-ended or push-pull output signa I. 
A push-pull output signal consists ot 
two voltages with respect to ground, 
180 degrees out of phase with each 
other. The output signal is applied 
to the vertical deflection plates to 
move the electron beam above the 
base line. This circuit allows a wide 
range of frequencies to be observed 
without distortion and minimizes the 
effect of power supply variations. 

Two vertical input binding posts 
are located on the left rear corner of 
the oscilloscope top. One is for alter
nating current; the other, for direct 
currents. Capacitor CI in the alter
nating current input circuit isolates 
anv direct-current component that 
might appear in the signal. Resistor 
R1 shunted by switch 4, the vertical 
input switch, determines the magni
tude of the voltage applied to the 
amplifier. For many applications on 
IBM machines the vertical input 
switch (switch 4) will be set in the 
low position, shorting the 12-megohm 
resistor. 
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When no signal is applied to the 
amplifier, the circuits assume a 
"static" condition. The plates of the 
two triodes in tube VI are made 
positive by the power supply. Elec
trons flow from the negative side of 
the power supply through gr°und> 
R3, cathode to plate of tube VI, 
R4, R5, R45 to the positive side of 
the' 300-volt power supply. In a 
parallel manner, the electrons flow 
from cathode to plate of tube VIs, 
R8, R7, R45 to the positive side 
of the power supply. The current 
through R3 causes an IR drop across 
R3, and the cathode is made positive 
with respect to ground by 1.5 volts. 
Since the grids are connected to 
ground, the grids are negative with 
respect to the cathode by 1.5 volts. 

The tube currents are such that 
250 volts of the supply voltage are 
developed across the resistances, and 
the static plate voltage is then 50 
volts. The control effect of the nega
tive grids and the voltage drop in 
the load resistances bring the triodes 
to a stable condition. 

If a DC voltage pulse is applied 
between the DC input binder post 
and the grounded binder post with 
the DC input binder post positive, 
electrons will flow from the negative 
side of the external power supply 
through ground, R2, switch 4 to the 
DC binder post and the positive side 
of the external power supply. This 
current will cause a voltage drop 
across potentiometer R2, and by ad
justing this control any voltage be
tween ground potential and the max
imum value of the input supply can 
be fed to the grid of tube VI,. If R2 
is adjusted so a signal appears on 
the grid, the electron flow through 
this tube is increased. The increased 
electron current flow through R3 
causes the cathode to be driven to a 
higher positive potential with re
spect to ground. Since the grid of 
tube Vl2 is grounded, this grid is 
made more negative with respect 
to the cathode, and electron flow 
through Via is decreased. The design 
of the circuits is such that the in
crease of electron current in one tri-
ode equals the decrease of electron 
current in the other. 

When electron flow through tube 
Vli increases, a greater IR drop oc
curs in its load resistance, and the 
voltage at the plate is decreased. 
Thus, a positive pulse on the grid of 
tube Vli causes a drop in volta&e at 
the plate. The decrease in electron 

flow in tube Via decreases the IR 
drop in the load resistance, and the 
voltage at the plate rises. From a 
single-ended input signal two volt
ages, 180 degrees out of phase, have 
been developed. 

The push-pull signal is applied by 
direct coupling to grids of tube V2. 
Inductance LI and capacitance C.I 
(cathode of tube VI) form a net
work to improve the frequency range 
of the amplifier. The static voltage 
of the plates of tube VI is applied 
to the grids of tube 2, and so the 
cathode must be raised considerably 
above ground potential. An 18,000-
ohm resistor in the cathode circuit 
raises the cathode to a potential of 
53 volts. Changes in the voltages ap
plied to the grids of tube V2 cause 
variations in the current through 
R13 and R14, and the voltage vari
ations at the plates of tube 2 are 
applied to the vertical deflection 
plates of the cathode-ray tube. 

A positive signal applied to the 
grid of tube Vli causes a drop of 
the plate voltage in tube Vli and an 
increase in tube VI2. The decrease 
in plate voltage in tube Vli, applied 
to the grid of tube V2i, decreases the 
current through tube V2i, and R13, 
and the plate voltage consequently 
increases. The increase of voltage in 
tube VI2, applied to the grid of tube 
V22, causes more current to flow, and 
the plate potential of tube V2^ de
creases. Thus, the original signal has 
gone through two shifts of 180° each, 
and a positive impulse will cause an 
increase in voltage on the upper de
flection plate, also a decrease on the 
lower plate. The electron beam will 
consequently be deflected upward 
when a positive pulse is applied to 
the amplifier. A negative pulse will 
reverse the previous conditions, and 
the electron beam will be deflected 
downward. 

Potentiometers R5, R8, and R10 
form a voltage divider network that 
applies voltage to the plates of the 
input tube VI. Potentiometer R8 is 
the vertical centering control knob. 
Potentiometer R5 serves a similar 
function but is a screwdriver adjust
ment under the oscilloscope (Figure 
53). When R8 is set midway, R5 is 
adjusted so the voltages on the de
flection plates are the same. A better 
method is to set R8 midway and ad
just R5 so the spot is centered ver
tically on the screen. Adjusting po
tentiometer R8 will change the volt
age on the lower plate with respect 
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to the voltage on the upper plate, 
moving the electron beam to any 
point on the screen. Potentiometers 
R23, R22 and R27 serve the same 
functions in the horizontal amplifier. 
Potentiometers RIO and R27 are 
called astigmatism controls and are 
adjusted so that with the horizontal 
and vertical gain controls set mid
way, a given input voltage will cause 
the same magnitude of deflection on 
either the horizontal or vertical de
flection plates. This is accomplished 
in practice by adjusting R5 so that 
the potentials between terminals 3 
and 4 behind the rear cover plate 
and ground average 165 volts. 

Fixed Vertical Deflection 
Since IBM machines generally 

operate at a single fixed voltage 
when the oscilloscope is connected to 
an IBM machine, the deflection is 
limited to the pattern of a single 
phenomenon. It is often desirable to 
check two simultaneous phenomena, 
and for that reason the fixed verhca/ 
deflection feature has been added. 
This circuit is also useful when test
ing machines having a DC generator 
for a power supply. Generators usu
ally have a ripple voltage that dis
turbs the oscilloscope trace. When 
the fixed vertical deflection is used, 
the closing of any contact can give 
an indication on the screen. This has 
been accomplished by inserting two 
3000-ohm resistors in series at point 
A (Figure 47). An external binding 
post is provided at each juncture 
(Figure 48). With the electron beam 
centered, when one of the 3000-ohm 
resistors is shorted, the voltage on 
the plate of tube Via and on the grid 
of tube V2a is increased. This results 
in an increase of electron current in 
tube V2a with a consequent drop ot 
plate voltage. Decreasing the poten
tial on the lower vertical deflection 
plate will cause the electron beam to 
be deflected upward. Each resistor, 
when shorted, causes a deflection of 
about one-half inch. Since the bind
ing posts are in the vertical center
ing circuit, voltage appears on the 
binding posts, and the c°ntactsin 
the IBM machines under test should 
be disconnected from the power 

supply. 

Linear Time Base Oscillator 
It has been pointed out that the 

vertical amplifier causes an electro
static difference of potential to ap
pear between the vertical deflection 

plates of the cathode-ray tube and 
that the stream of electrons, being 
negative, will be deflected toward 
the positive plate. The magnitude of 
the deflection is directly proportional 
to the magnitude of the deflecting 
voltage. The horizontal amplifier 
causes an electrostatic difference of 
potential to appear between the hori
zontal deflection plates of the cath
ode-ray tube, which are at right 
angles to the vertical plates, and the 
stream of electrons is again deflected 
toward the positively charged plate 
by a distance proportional to the 
magnitude of the deflecting voltage. 

In the majority of applications it 
is desired to measure the magnitude 
of the voltage under test as a tunc-
tion of time. If the voltage being 
measured is connected to the verti
cal amplifier, its variations will cause 
the electron beam to be deflected 
vertically by a distance proportional 
to the magnitude of the voltage a 
any instant. On the face of the cath
ode-ray tube the trace can be meas
ured and the voltage ascertained. In 
order to obtain any information 
about the shape of the voltage waves 
the electron beam must simultane-
ously be swept horizontally ,acr°®® 
the face of the tube. This horizontal 
deflection must take place linear y, 
the sweep must be at a fixed rate for 

the entire trace. 
In order to supply a sweep voltage 

that will cause the electron beam to 
be deflected linearly with time, a 
time-base oscillator employing a 
multivibrator is used. This circuit 
generates a saw-tooth wave, the fre
quency of which is variable from 3 
to 50,000 cycles per second. I he 
saw-tooth wave starts at zero and 
builds up slowly in voltage until a 
peak value is reached, after which 
the voltage is cut off almost instan
taneously. When this voltage IS ap
plied to the horizontal deflection 
plates of the cathode-ray tube, the 
trace is deflected horizontally during 
the time that the voltage is increas
ing and returns rapidly to the start
ing point when the voltage is cut off. 

Figure 49 shows a schematic dia
gram of the oscillator circuit used in 
the Waterman oscilloscope to obtain 
the linear time base. The two triodes 
in the envelope of a 6J6 tube are 
used. As soon as the voltage is ap
plied to the circuit, capacitor CI2 is 
charged through resistors R34B and 
R37. Both C12 and R34B are ad
justable to allow for varying the rate 
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Figure 49. Time Base Oscillator 

at which the capacitor charges. The 
rise of voltage across C12 is nearly 
linear with respect to time, since the 
voltage across C12 will only be al
lowed to rise to a small percentage 
of the applied voltage. When CI2 
has charged to a predetermined 
value, it is discharged through tube 
V5>. The discharge time is much 
smaller than the charging time, and 
this gives a saw-tooth shape to the 
voltage across the capacitor, this 
voltage will be applied to the hori
zontal deflection plates of the cath
ode-ray tube. , 

To understand the operation of 
the multivibrator, assume that the 
triodes are heated, and that the sup 
ply voltage is now applied. CaPac'tar 
C13 begins to charge through R38 
and R39, C13 and the grid-cathode 
resistance of tube V5a, and the cath
ode resistance R36. This is possible 
because the grid of tube V52 is mo
mentarily positive with respect t 
the cathode. Capacitor C13 is also 
charged through R39, R38, C13, 
R35, R34A; but R34A is so large 
that most of the charge will be de
veloped through the tube. The charg
ing current flowing through R38 and 
R39 causes a decrease in the plate 
voltage of tube 1. The charging cur

rent through R36 has made the cath
ode positive with respect to the 
grids, or the grids negative with re
spect to the cathode The reduced 
plate voltage of the tube V5i and the 
biasing effect of the current through 
R36 immediately cuts off the plate 
current of tube VSi. As the charge 
on capacitor C13 increases the volt
age applied to the plate of tube V5i 
will increase. At the same time, the 
charging current to C13 is decreased. 
A point is reached where tube VOi 
can conduct, but the instant a cur
rent is set up through the tube the 
plate voltage will tend to dr°P be
cause of the current through R38 
and R39. However, C13 is charged 
to a higher voltage, and the tube 
current will be sustained momen
tarily by a reversal of current from 
C13 As C13 discharges, the grid of 
tube V5z is suddenly driven highly 
negative with respect to the cathode, 
completely cutting off the charging 
current to C13. Capacitor C12, which 
has remained essentially uncharged 
to this point because of the shunting 
effect of tube V5»andR36in parallel 
with it, is now able to receive a 
charge through R34B and R37. Si
multaneously, C13 is returning to 
the voltage that will allow tube V52 
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to conduct again. When tube 2 can 
again conduct, the plate voltage of 
tube V5- will decrease, and C12 will 
discharge through the plate-cathode 
circuit of tube V5s and R36. The 
current through R36 will cause the 
cathode-ground potential to increase, 
and this biasing effect will decrease 
the plate current of tube 1. This de
creases the voltage drop in resist
ances R38 and R39, driving the grid 
of tube V5- positive and increasing 
the rate of discharge of C12. Capaci
tor C13 begins to recharge through 
R38 and R39, tube V5- and R36 and 
the cycle repeats. A comparatively 
long time has been required for the 
charging of capacitor CI2, and its 
discharge is practically instantane
ous. This saw-tooth wave form is 
connected to the input of the hori
zontal amplifier, and the amplified 
wave-form is used to cause the elec
tron beam to move rapidly across 
the face of the cathode-ray tube. 

Time Base Synchronizing Circuit 
In order for a voltage wave to be 

traced on the cathode-ray tube, the 
sweep of the electron beam must be 
repeated, and the time base oscilla
tor must be synchronized in some 
manner with the voltage wave in 
order to obtain a stationary pattern. 
In the Waterman oscilloscope the 
synchronizing voltage is applied 
across the potentiometer R41. When
ever a positive voltage impulse ap
pears across the potentiometer the 
grid of tube V5i will be brought to 
a potential that will allow tube V5i 
to conduct, cutting off tube V52 and 
allowing C12 to start accumulating a 
charge. The rising voltage across 
C12 starts the sweep across the face 
of the cathode-ray tube. Thus, each 
pulse of synchronizing voltage can 
be used to start the electron beam 
on a sweep across the scope. It is 
important that the RANGE and FRE
QUENCY switches be set to the ap
proximate frequency of the syn
chronizing voltage impulses. The 
RANGE switch couples in the proper 
capacitances for C12 and C13, and 
acts as a coarse frequency control. 
Position 1—3-15 cycles per sec. 

" 2—15-75 cycles per sec. 
" 3—75-350 cycles per sec. 
" A—350-2000 cycles per sec. 

5-2-10 kc. 
6-10-50 kc. 

The FREQUENCY knob adjusts the 
two resistors of R34 and allows se
lection of frequency to be made 

within the range set up by the range 
switch; hence it functions as a fine 
frequency control. 

The FUNCTION switch permits se
lection of synchronizing voltages. In 
position 1, connection is made to the 
SYNC binding post jack at the rear of 
the control panel, and an external 
voltage can be introduced here. Posi
tion 2 connects a small 60-cycle volt
age across the synchronizing poten
tiometer. Since the line frequency is 
usually extremely accurate, this is a 
good signal for starting the trace. 
Position 3 uses a small part of the 
output of the vertical amplifier to 
start the trace. When set to position 
4, the horizontal input posts are con
nected to the horizontal amplifier, 
the linear time base oscillator is 
made inoperative, and the 6J6 be
comes an intensity amplifier for mod
ulating the intensity of the beam. 
In Figure 9, R38 and R39 form a 
voltage divider network, and when 
posts 12 and 13 on the rear of the 
oscilloscope are jumpered, the volt
age at the junction of R38 and R39 
is impressed upon the cathode. A 
positive signal will lower the cathode 
bias of the cathode-ray tube, and 
thus increase the number of elec
trons that go into the electron beam, 
increasing the intensity of the spot 
on the oscilloscope. 

The Single-Sweep Feature 
In adapting the oscilloscope to use 

on all IBM machines, the necessity 
of synchronizing the oscilloscope 
trace with the machine index be
comes evident. If the oscilloscope 
trace is started at any fixed time on 
the machine index, any other index 
timing will appear a fixed distance 
from the beginning of the trace. For 
each machine cycle the electrical 
operation is presented on the screen, 
and any variation from normal is 
immediately evident. 

The Waterman oscilloscope has 
been altered by the addition of a 
triple-pole, double-throw switch 
mounted directly beneath the oscil
loscope face and electrically con
nected as shown in Figure 50. In this 
figure the switch has been thrown to 
the single-sweep position. Switch 
point S6a is opened to de-activate 
the multivibrator; no positive pulse 
can then reach the grid of tube V52 
from the plate of tube V5i. Capaci
tor C12 is charged from the supply 
voltage through R34B and R37. 
Switch point S6i sets up a circuit 
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Shaft Connector 

Figure 51. Single-Sweep Contactor 

from binding post J5 through the 
100-ohm resistor to switch S6» which 
by-passes Cll. If J5 is now shorted 
momentarily to J3, a circuit is set up 
to discharge capacitor C12 through 
the 100-ohm resistor. This causes the 
voltage on the horizontal deflection 
plates to drop, returning the sweep 
to the left end of the trace. When 
the connection between J3 and J5 is 
broken, capacitor C12 is allowed to 
charge through R34B arid R37, and 
the trace starts across the face of 
the cathode-ray tube. The rate at 
which the electron beam is deflected 
is determined by the value of capaci
tance (C12-C15) and the setting of 
resistor R34B. 

In order to start the oscilloscope 
trace once each machine cycle, a 
means must be provided for shorting 
binding posts J3 and J5 once each 
machine cycle. If the machine is 
equipped with a digit selector, a 
means is readily available for start
ing the trace at any point through 
card reading time. An unused relay 
point that makes for a short duration 
may also be used. 

Single-Sweep Contactor 
(Figure 51) 

, A contactor is being supplied to 
the field which will allow the trace 

cvcle TKn6d 3t any point of any w contactor consists of a 
Shalt extension that carries a cam 

which holds a normally closed con 
tact point open for about 320" of 
each revolution. The contact point is 
mounted in a housing that can be 
rotated relative to the shaft to estab
lish the break time of the contact. 
An extension arm is provided to hold 
the contact housing fixed with rela
tion to the machine. The contact 
may be adjusted to break at any 
point on the machine index by re
leasing the clamping screws and mov
ing the contact housing relative to 
the machine shaft. As a general rule, 
a setting should be selected so that 
the contactor breaking time will pre
cede the observed voltage sufficiently 
for the voltage to appear at the cen
ter of the oscilloscope trace. 

The single-sweep contactor may 
be attached to IBM machines at the 
points where mechanical connection 
is made to the portable dynamic 
timer. Special adapters will be pro
vided to couple the contactor to the 
later machines. 

Blanking 

During the time the sweep is re
turning to its initial position (fly
back time) it is desirable to cut off 
or blank' the trace to prevent trac
ing a spurious line on the screen. 
This is accomplished by connecting 
terminals 12 and 13 together on the 
rear terminal board. During fly-back 
time the plate current of tube V5, 
(Figure 49) is decreased, and this 

Jk 



V Input 

R54 
3900 ~n~ Clockwise 

Sync/lnt. 

' V Gain 
Control 

R31< 
10 Meg. 7  ̂

(cVWM§)-vAAA<Q) c 

Clockwise 

H Gain 
[Control 

Function 
Switch 

R 55 
3900 -Qy R24 

56K 

Clockwise 
Position 1. Ext.: 

2. Line 
3. Int. s 
4. Hor. 

C10 

2-40 mmfd. 

mmm • • i * ^ Hor Cent 
Clockwise Control 

• • mm 
Clockwise 

All front rotors of 
switch SI are elec
trically connected 
by rivets to cor
responding rear 
rotor. 

Sync/lnt. 

Control 

Green 
AAA/ R53^ 

820M 
1100-/1-
330V 

Red-White 

AAA/ 
' R52 
' 250K 

Focus 
Control 

Range 
Switch 

Position V6 
117Z6GT 

White 

Yellow 

Intensity 

Control 

f Counter 
Clockwise 

L C7I/.01 mfd. 

I • • • H 
Clockwise 

Frequency 
Control 

Explanation of symbols: 
I Denotes chassis and case connection. 

All switch sections viewed from rear. 
Front of section #1 is nearest panel. 
Switches shown in #1 position. 

.. Direction of rotation is shown by 
arrows. 

Switches when viewed from front are 

supply ground. I Denotes signal and power 
rfl (Internally wired) 

•3900 mmfd. 

in extreme counterclockwise position and 
rotation is in clockwise direction. 

Figure 52. Complete Oscilloscope Wiring Diagram 
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Figure 53. Oscilloscope Controls and Binder Posts 

drop in plate current causes the volt
age at the point between R38 and 
R39 to increase. This changing volt
age is coupled through C6 to the 
cathode of the cathode-ray tube, and 
an increase in the positive direction 
momentarily drives the cathode more 
positive with respect to the grid. 
Therefore, the grid is more negative 
with respect to the cathode, and the 
electron flow is cut off. This occurs 

just as the beam is returning to its 
position at the left end of the screen, 
blanking the screen on the return 
trace. (See Figure 52.) 

N OTE: The Waterman oscilloscope 
is shipped without the jumper be
tween terminals 12 and 13. Discon
nect the oscilloscope from the line 
before removing the rear cover plate 
to jumper these terminals. 

Vertical 
Centering 

Adjustment 5 

CRT Second Anode 11 

Horizontal 
Centering 

Adjustment R23 

R27 Astigmatism 
RIO Adjustments 

6 7 8 CRT Deflection 
Plates 

Intensity Grid 

Blanking Signal 

C O M P O N E N T S  D A T A  

RMA Color Codes 
Resistors. The Radio Manufactur

ers' Association (RMA), the Ameri
can War Standard (AWS) and the 
Joint Army-Navy specifications 
(JAN) for color coding fixed com
position resistors are identical. On 
axial lead composition resistors, four 
bands of color starting from the end 
give the resistance value. Radial 

lead resistors have their values given 
by color placed on the body, end, 
and dot, with the fourth color on the 
other end. In the illustration, Band 
A indicates the first significant figure 
in ohms, Band B indicates the second 
significant figure, Band C indicates 
the decimal multiplier, and Band D, 
if present, indicates tolerance in per
cent of nominal resistance. For ex-
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1 i J 1 i J d e c )  ( D )  

RESISTANCE IN OHMS 
FIRST 

SIGNIFI-
COLOR CANT COLOR 

A FIGURE B 

Black 0 Black 
Brown 1 Brown 
Red 2 Red 
Orange 3 Orange 
Yellow 4 Yellow 
Green 5 Green 
Blue 6 Blue 
Violet 7 Violet 
Gray 8 Gray 
White 9 White 

SECOND 
SIGNIFI

CANT 
FIGURE 

RESISTIVE 
COLOR DECIMAL Color TOLER-

C MULTIPLIER D ANCE 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

10 
100 

1,000 
10,000 

100,000 
1,000,000 

10,000,000 

None ±20% 
Silver ±10% 
Gold ± 5% 

Figure 54. Resistor Color Codes 

ample, if a resistor has the code 
green, black, yellow, gold, it indicates 
that the nominal value is 500,000 
ohms, plus or minus 5%. This resis
tor, therefore, lies between 475,000 
and 525,000 ohms. 

Fixed Capacitors (Figures 55A and B). 
The RMA standard three-dot color 
code shows the capacitance of fixed 
mica capacitors in much the same 
manner that resistance values are 
shown. In the left-hand diagram, dot 
A represents the first significant 
digit, dot B the second digit, and dot 
D the decimal multiplier. All the ca
pacitance values are given in micro-
microfarads. For example, a capacitor 

with color code red, green, and 
brown represents a value of 250 
micro-microfarads. 

The RMA standard six-color code 
has the colors arranged in two rows, 
as in the right-hand diagram. The 
upper row indicates the first three 
significant digits of the capacitor at 
A, B, and C. The decimal multiplier 
is at D. Dot F gives the voltage rat
ing, and dot E the tolerance. 

If dot A is black, white or silver, 
dots B and C give the significant 
digits, and the dot D the decimal 
multiplier. 
. Geramie capacitors are marked as 
in Figure 55C. 

Figure 55. Condenser Color Codes 
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CAPACITANCE IN MICRO-MICROFARADS (MMF) 
FIRST 

SIGNIFI-
COLOR CANT COLOR 

A FIGURE B 

Black 0 Black 
Brown 1 Brown 
Red 2 Red 
Orange 3 Orange 
Yellow 4 Y ellow 
Green 5 Green 
Blue 6 Blue 
Violet 7 Violet 
Gray 8 Gray 
White 9 White 
Gold 
Silver 
No Color 

SECOND 
SIGNIFI

CANT 
FIGURE 

COLOR 
C 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

THIRD 
SIGNIFI

CANT 
FIGURE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

COLOR DECIMAL 
D MULTIPLIER 

Black 
Brown 10 
Red 100 
Orange 1,000 
Yellow 10,000 
Green 100,000 
Blue 1,000,000 
Violet 10,000,000 
Gray _ 
White 
Gold 0.1 
Silver 0.01 
No Color 

COLOR TOLER-
E ANCE 

Black 20% 
Brown 1 % 
Red 2% 

Green 5 % 

White 10% 
Gold 5% 
Silver 10% 
No Color 20% 

DC 
COLOR TEST 

F VOLTAGE 

Black 
Brown 100 
Red 200 
Orange 300 
Yellow 400 
Green 500 
Blue 600 
Violet 700 
Gray 800 
White 900 
Gold 1000 
Silver 2000 
No Color 500 

Resistance of IBM Coils 
It is felt that a knowledge of ap

proximate DC resistance values of 
IBM coils would be of value to the 
customer engineer where a partially 

shorted coil is suspected. A list of 
coils with nominal resistance values 
is appended. These coils are nor
mally manufactured to within 10% 
of the nominal resistance value. 

Coil No. 

2 3 1 O 
3  S  1  1  
4 1 s 2 
•4 4 4 O 
4 8 1 7  
5  S  5  2  
S  9  3  3  
9 7 4 S 

1 1 2  4  1  
1 1 9 4 a 
i  2 o  i  a  
1  2  3  5  2  

Resistance 

1 3  3  
5  O  

2 O O 
1 

1  4  

s  o  

o  o  
o  o  
o  o  
3 O 
o  o  
2 a 
s  o  
o  o  

1  4  O  .  O  O  
i  a  .  5  o  

1  3  7 .  O  O 
2  S  2  .  O  O 

Coil No. Resistance 

3  7  2  a  
5  a  2  o  

6  3  5  
2  2  O  ,  

O O 
O O 

2  O  7  S  7  
2 2 0 6 2 

2  2  S  S  7  
2  5  9  6  O  
2  6  4  T  6  P  
2  6  4  T  6  H  

3  2  3  7  5  
3  2  3  7  6  

2  .  7  O  
3  6  5 .  O  O  

2  7 . 5 0  
2  3 . 0 0  

I S O . O O  
4  5  5 .  O  O  

1 1 
4  2  

O O 
O O 

Note: An asterisk indicates a tapped coil. 
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C o i l  N o .  R e s i s t a n c e  C o i l  N o .  R e s i s t a n c e  

3 2 3 T T 1 4  8 .  O O 5  T  2  3  4  1  2  O  .o o 
3  2  3  7  8  5  9  5 .  O O 5 7 2 6 0  4  8  2  •  o  o  
3  2  3  T  9  2  6  O  O  .  O  O  5  T  3  T  5  1  T O  . o  o  
3  6  T  6  T  1  1  •  O  O  5  T  3  ©  6  6  3  O  •  o  o  

3  7 6 9 8  5  .  4  O  5  T  4  2  9  a  •  2  O  

3  7 6 9 9  2  2  .  O  O  5  8  O  6  1  2  T  . o  o  
3 7 7 0 0  9  a  .  o  o  5  8  3  T  3  1  4  . o  o  
3  T  T  O  1  3  5  1 .  O  O  5  6  3  T  4  5  2  . 5  O  

3  T  T  O  2  1  1  o O .  O O 5 8 3 T 5 2  5  O  •  O  O  

3  9  O  2  1  6  5  .  O O 5  8  3  T  6  9  5  O  •  O  O  

3  9  O  2  2  2  5  O  .  O O 5  ©  3  T  T  3  9  O  O  • o  o  

3  9  O  2  3  9 O  O  .  O O 5 8 5 3 o 2  2  O  • o  o  

3  9  O  2  4  1  7  .  O O 5  8  6  T  6  3  4  . o  o  

3  9  O  2  5  2  6  .  O O 5  6  6  7  7  2  O  6  . o  o  

3  9  O  2  7  4  6  O  o o 5  6  6  T  8  2  2  O  O  • o  o  

3  9  O  2  S  1  4  3 0  o o 5  6  6  9  8  5  . o  o  
5  ©  T  6  8  2  a  o  . o  o  
s  a  a  o  a  7  4  • o  o  

^  o  a  2  5  1  2  o  o  s  a  a  a  o  i  o  a  • o  o  

o a 2 6 4  7  o  o  5  9  O  9  T  i  . 5  O  

- 4 1 2 4 - 4  1  5  T  O  o  o  
4  5  1 9 - 4  4  O  o  o  
4  6  4  ( 5  2  1  O  o  o  6  O  5  4  6  3  5  O  •  o  o  

4  T  2  2  8  6 o  o  6  O  9  6  1  2  7  •  o  o  
4  T  2  2  9  P  2  4  o  o  6  O  9  6  2  1  1  O  •  o  o  
4  T  2  2  9  H  2  4  o  o  6  O  9  6  3  3  5  O  •  o  o  
4  T  2  3  O  P  9 6 o  o  6  1 5  4  6  2  4  .  o  o  
4  T  2  3  O  H  9 6 o  o  6  1  9  T  5  a  o  o  o  , o  o  
4 T  -4 o a 9  3  O  6 1 9 T a 9  .  o  o  
4  T  - 4  O  9  3 5 o  o  6  1  9  T  9  4  2  .  o  o  
4  T  4  1  O  1 3  2  o  o  6  1  9  a  o  1  6 O  •  o  o  
4 7 4  1  1  5  1 5  o  o  6 1 9  6 1 a  a  o  .  o  o  
4  T  4  1  2  1  9  T  5  o o 6  2  1 6  5  3  5  .  o  o  
4  T  4  5  9  5 a  o  6  2  6 2  8 9  2  •  o  o  
4  T  4  6  O  2  2  5  O  6  2  8  9  T  6  2  O  •  o  o  
4  T  4  6  1  a  o  o  o  6 2 9 6 O 3  .  2  O  

4  T  4  6  2  3  1 5  o  o  6  3  1 3  1  3  5  O  .  o  o  
4  T  4  6  3  1  O  2  O  o  o  6  3  1 3  3  5  9  O  .  o  o  

6  3  T  2  3  i  a  •  o  o  
6  3  6  O  9  2  1  6  O  .  o  o  

5  1 5  5  6  1 1 3  . o o 6  4  6  1  3  P  3  a  4  .  o  o  
5  3  2  ©  9  3  . o o 6  4  6  1  3  H  3  a  4  .  o  o  
5  5  6  2  4  7  1  . o o 6  4  6  1  5  P  1 5  3  6  .  o  o  
5  5  6  2  5  2  6  6  . o o 6  4  6  1  5  H  1 5  3  6  .  o  o  
5  5  6  2  6  9  3  3  . o o 6  4  6  1 8  1  9  O  .  o  o  
5  5  9  9  1  4  3  • o o 6  4  6  2  O  7  4  5  .  o  o  
5  5  9  9  2  1  2  O  . o o 6  5  2  1  T  2  6  •  o  o  
5  5  9  9  3  T  S  O  • o o 6  5  2  2  2  7  1 5  •  o  o  
5  5  9  9  4  2  4  9  O  • o o 6  5  2  4  4  1 o o •  o  o  
5  6  1 3  3  2  6  . o o 6  6  3  6  O  4  5  4  .  o  o  
5  6  1 3  5  4  1  T  . o o 6  6  4  5  3  1  6  2  O  •  o  o  
5  6  1  3  T  5  5  O  O  • o o 6  8  O  4  5  1  O  O  O  O  •  o  o  
S  6  T  4  4  2  7  .  o  o  6  9  4  6  5  6  •  5  O  
5  6  T  4  5  1 1 o •  o  o  
5  T  O  8  ©  2  T  5  •  o  o  
5  T  1  3  5  1  5  O  •  o  o  T  O  O  T  9  1  6  . 5  O  
5  T  1  3  6  1  3  T  •  o  o  T o o a o 7  4  •  o  o  
5  7  1  3  T  5  T  4  •  o  o  i  o  o  a  i  3  o  a  •  o  o  
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7  O  O  8  2  6  3  5  O  O  O  7  3  8  5  9  4  . 5  O  •  

7  O  5  e  6  2  6  O  O  7  3  8  5  9  5  . 4  O  •  
7  1  1  O  2  4  5  O  7  3  8  5  9  6  •  4  O  s j s  

7  1  1  O  3  2  2  O  O  7  5  9  6  6  5  7  .  O  O  

7  1  1  O  4  3  2  O  O  7  5  9  6  7  2  0  9  .  O  O  

7  1  1  O  5  8  4  O  O  7  5  9  6  8  8  3  5  .  O  O  
7  1  1  O  6  3  8  8  O  O  7  5  9  6  9  3  6  8  7  ,  O  O  

7  1  1  O  7  1  2  O  O  O  O  7  5  9  7  0  1 2  0  0  0  .  O  O  

7  1 5  5  7  1  2  3  O  O  7  5  9  9  2  8  O  .  O  O  

7  1 5  5  9  2  O  O  O  O  O  7  5  9  9  3  1 3  5  .  O  O  

7  1 5  7  5  1  7  O  O  7  5  9  9  4  2  1  5  •  O  O  

7  1 5  7  6  5  8  O  7  5  9  9  5  3  7  0  .  O  O  

7  1 5  7  7  4  7  O  7  5  9  9  6  5  5 0  •  O  O  

7  1 5  7  6  6  4  O  O  7  5  9  9  8  1  5  O  O  •  O  O  

7  1 5  7  9  8  O  O  O  7  6  O  6  4  1  6  O  . O O #  

7  1  5  6  O  2  2  6  O  7  6  O  6  4  3 ^ 5  a O O *«» 

7  1 5  8  1  3  1  8  O  O  7  6  2  O  4  3  9  5  a O  O  

7  1 5 9 4  9  2  O  7  6  4  1 4  3  6  . O O  

7  1  8  5  O  3  1  O  O  7  6 - 4 1 5  1  4  O  O  . O O  

7  1 8  5  1  1  2  5  O  O  7  6  4  1 6  1 2  0  •  O  O  

7  1 8  5  2  5  O  O  O  O  7  6 4 1 7  8  O  .  O  O  

7  1 8  5  3  1  9  6  O  O  O  7  6  4  1 8  5  6  O  O  •  O O  

7  1 8 5 4  1  1  5  O  O  O  O  7  6  4  1 9  3  5 0  •  O  O  

7  1 8  5  5  3  1  O  O  7  6  4  2  7  P  5  O  •  O  O  

7  1 8  5  6  1  2  5  O  O  7  6  4  2  7  H  5  5  •  O  O  

7  1 8  5  7  5  O  O  O  O  7  6  4  2  8  P  2  7  5  . O O  

7  1 8  5  8  1  9  6  O  O  O  7  6  4  2  8  H  3  2  5  .  O  O  

7  1 8  5  9  1  1  5  O  O  O  O  7  6  4  2  9  4  . T  O  

7  1 9  8  1  8  6  O  7  6  4  3  O  P  5  .  O  O  

7  1 9  8  2  3  2  O  O  7  6  4  3  O  H  5  a 8  O  

7  1 9  3  3  1  2  O  O  O  7  S  4  3  1  P  2  1  a O  O  

7  1 9  6 - 4  4  7  O  O  O  7  6  4  3  1  H  2  2  .  5  O  

7  1 9  8  5  2  9  O  O  O  O  7  S  4  4  S  P  2  2  •  5  O  

7  2  1 5  6  1  O  2  O  O  O  O  7  S  4  4  S  H  2  4  . O O  

7  2  6  3  5  4  1  7  S  5  3  G 8  O  a O  O  

7  2  6  3  6  2  9  6  7  S  5  8  4  P  4  •  7  O  

7  2  6  3  7  5  7  5  O  7  S  5  S  4  H  5  . 2 0  

7  2  6  3  8  3  8  O  O  O  7  6  S  8  5  P  3  •  5  O  

7  2  6  4  O  2  O  O  O  O  O  7 6 5 3 5 H  4  •  4  O  

7  2  6  4  1  3  O  O  O  7  S  S  8  6  P  2  •  6  O  

7  2  6  4  2  1  1  7  O  O  7  S  5  S  S  H  2  •  9  O  

7  2  6  4  3  7  4  5  O  O  7 6 5 S 7 P  4  •  O  O  

7  2  6  4  4  3  3  S O  O  O  7  S 5  a  7  H  4  a 9  O  

7  2  6  4  5  7  6  O  7  s  5  a  a  p  1 8  5  a O  O  

7  2  6  4  6  3  O  O  O  7  5 5  aB H  2  0 - 4  .  O  O  

7  2  6  4  7  1  2  4  O  O  7  s  5  a  9  p  3  O  .  O  O  

7  2  6  4  8  1  1  9  7  O  O  7  a s  a  9  h  3  6  a O  O  

7  2  6  4  9  2  O  O  O  O  O  7  G  S  9  0  P  1  4  a 2  O  

7  2  7  5  4  1  8  O  O  7  G  5  9  O  H  1  5  a 2  O  

7  3  3  9  0  3  2  O  O  7 6 5 9 1 P  1  a 8  O  

7  3  4  3  3  1  8  5  O  O  7  S  5  9  1  H  2  •  2  O  

7  3  4  3  4  1  9  O  O  7 6 5  9  2  P  6  O  a O  O  

7  3  4  3  S  6  O  O  O  7  G  5  9  2  H  6  5  a O  O  

7  3  6  6  2  9  5  O  7  6  5  9  3  P  8  a 6  O  

7  3  6  6  3  3  7  5  O  7  G  5  9  3  H  9  a 5  O  

7  3  6  6  4  1  5  5  O  O  7  S  S  9  4  2  2  a 6  O  

" 7 3 6 6 5  8  9  O  O  O  7  6  5  9  5  1  7  a O  O  

7  3  6  6  6  3  4  5  O  O  O  7  6  5  9  6  5  a 8  O  
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Coil No. 

7  6  5  9  7  
7  6  5  9  8  
7  6 7  2  6  
7  7  O  3  O  

7  7  8  7  8  
7  7  8  7  9  
7  8  5  5  7  
7  8  8  5  7  

7  9  2  8  1  
7  9  3  4  9  
7  9  3  5  1  
7  9  6  2  3  

Resistance 

6  4  .  O  O  

3  1  8  
4 6 8 

5  6  
3  5  

1  4  O  
5 2 0 

2  1 0  0  
7  

7  3  3  0  
2  3  0  0  

2  4 0  

.  O  O  

.  O  O  
•  O O  
.  O  O  
.  o  o  
.  o  0  

.  O  o  

. a o 

.  o  o  

.  o  o  
. 0 0  

3  O  2  1  2  1  O  3  5  •  O  O  

8  O  2  1  3  3  8  3  O  #  O  O  

8  O  2  1  4  6  1  .  O  O  

a  0 2 1  3  1 6  6  6 ,  O  O  

a  0  2 1 6  5  1  5  O  .  O  O  
8  O  2  1  T P  1  T  5 0  .  O  O  

8  O  2  1  T  H  1  ©  O  O  .  O  O  

8  O  2  1  8  6  5  2  O  .  O  O  

8  O  3  5  O  1  6  5  O  .  O  O  

8  O  9  5  3  3  0 0 .  O  O  

9 1 7 6 4  6  5  O  O  

9  1  T  6  5  1 3  3  5  O  O  

9  1  ©  5  5  1 6  2 O  O  

9 1 © a  0 5  O  O  O  

9  2  1 3  4  1  3  T  O  O  
9  2  1 3  5  2  2  4  O  O  
9  2  1 3  6  3  4 0  O  O  

9  2  6  2  2  - 0  9  O  
9  2  6  2  3  2  1  9  O  O  O  

9  2  6  2  4  2  9  4  O  O  O  
9  2  6  2  5  1  O  T  O  

9  2  T  O  9  A  A O  O  O  

9  2  T  1  S  5  O  O  

9 2 7 2 0  8  3  O  
9  2  S  4  3  1  T  6  O  O  O  
9  2  S  4  4  1  5  1  O  O  O  

9  3  2  O  O  1  4  O  O  

9  3  2  O  1  5  5  O  
9  3  2  O  3  2  2  O  O  

9  3  2  O  4  9  2  O  O  
9  3  2  O  5  3  9  0  O  O  

9  3  2  8  6  3  6  O  O  
9  3  2  8  T  8  O  O  O  

9  3  2  8  S  9  2  O  O  
9  3  2  8  9  2  8  O  O  
9  3  2  9  O  8  O  O  O  
9  3  2  9  1  3  6  O  O  
9  3  2  9  2  9  1  O  
9  3  2  9  3  1  6  T  O  
9  3  2  9  4  3  T  O  O  
9  3  8  5  4  2  4 0  O  O  
9  3  8  5  5  T  a O  O  O  
9  3  9  3  8  4  3  O  O  
9  3  9  3  9  1  6  O  O  

Coil No. Resistance 

9  3  9  4  0  6  .  6  O  

9  3  9  4  1  2  5 0  •  O  O  

9  4  5  O  6  1  6  •  O  O  

9  4 5  O  T  7 0  •  O  O  

9  4  5  O  8  2  5  7  .  O  O  

9  4 5 0 9  1  5  4  4  •  O  O  

9  5  8  4  T  1  9  7  5  •  O  O  

9  5  8  4  8  5  •  O  O  

9  5  8  5  O  1  O  •  7  O  

9  5  8  5  1  2  9  4  0  .  O  O  

9  5  8  6  1  8  •  3  O  

9  5  8  6  2  2  1  9  O  •  O  O  

9  5  8  6  3  3  .  6  O  

9  5  8  6  4  1  5  1 0  •  O  O  

1  O  1  T  4  5  S O  •  O  O  

1 0 2 2 2 2  1  I O O  •  O  O  

1  O  3  6  O  3  2  7  O  •  O  O  

1  O  3  6  O  4  2  7  O  •  O  O  

1  O  3  8  3  4  4  1 6  •  O  O  

1  O  4  8  5  9  2  3  5  •  O O  

1  O  5  4  O  9  3  0  0  .  O  O  

1  O  6  4  8  T  1  S O  •  O  O  

1  O  6  4  8  8  4  5  •  O O  

1  O  6  4  8  9  1  4  O  •  O  O  

1  O  6  5  6  2  1  2  • s O 

1  O  7  5  5  T  2  0  5  •  O  O  
1 0 7 5 5 9  2  1  6  •  O  O  

1  O  7  5  6  6  P  2  1 6  .  O  O  

1  O  7  5  6  6  H  5  7  8  . O O  
1  O  8  3  8  9  P  1 6  7  •  O  O  
1  O  8  3  8  9  H  6  1 8  . O O  

1  0  1 0  9  7  5  • O  O  
1  0  4  3  7  1  6  O  O  
1  1  2  4  O  2  8  O  
1  1  2 a  0 1  9  O  O  
1  1  3  O  O  4  5  « O  O  
1  1  3  1  O  6  O  • O  O  
1  1  3  2  O  I I O  • O  O  
1  1  3  3  O  1 7  6  • O  O  
1  1 3  5  0  4  8  2  • O  O  
1  1  3  6  O  7  O  6  # O  O  
1  1  3  7  O  1  O  6  O  O  O  
1  1  3  8  O  1  9  0  0  # O  O  
1  1 3  9  0  2  5  O  O  « O  O  
1  1  4  O  O  5  I O O  O  O  
1  2  4  1 2  1  1  S O  • O  O  
1  2  6  4  9  9  O  8  • O  O  
1  3  3  4  4  1  O  5  O  • O  O  
1  3  5  7  3  P  4  2  2  # O  O  
1  3  5  7  3  H  1  5  4  6  O  O  
1  5  4  1 5  1  0  5  0  O  O  
1  5  6  4  9  1  5  0  0  # O  O  
1  6  8  2  1  3  8  O  O  
1  7  3  7  0  1  O  6  O  • O  O  
1  8  O  1  3  1 6  6  • O  O  
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Resistance 

1  a  9  O  4  G O O ,  O  O  

2  1  O  5  9  2  1 8 - O  O  
2 2 1 a 1 5  O  O  .  O  O  
2  2  7  1  6 P  1  O  9 .  O  O  
2  2  T  1  6  H  - 4 5 2 .  O  O  
2 2 7 9 6  5  8  0 .  O  O  
2 2 8 1 1 5  - 5  O  
2  3  T  8  3  6  2  .  O  O  
2  3  7  S  4  2  4 .  O  O  
2  3  T  8  5  4 .  O  O  
2  3  9  3  1  7 0 .  o  o  
2  5  2  7  6  P  3  9  G  .  o  o  
2 5 2 T 6 H 3  9  6 .  o  o  
2 6 4 6 9  7  5  7 .  o  o  
2 6 4 7 0  2  3  8 .  o  o  
2  T  O  1  T  3  O  O  .  o  o  
2 7 1 5 4 P  1  6  O  .  o  o  
2 7 1 5 4 H  1 6  1 .  o  o  
2  T  A A 7  1  5  T  .  o  o  
2  8  O  2  4  1 6  6 .  o  o  
2  8  2  9  T  P  1 T . 5  O  
2  8  2  9  T  H  1 T • 5  O  
2  a  3  2  2  2 2 A . O  O  
2 6 S  1 2  2  7  5  .  o  o  
2  8  9  1 1  G O O .  o  o  
2 9 4 3 1  1  O  .  o  o  

3  1  O  3  o  7  5  • o  o  
3  1  O  6  a  3  6  . o  o  
3  2  O  O  O  P  4  • 5  O  
3  2  O  O  O  H  4  2  8  • O  O  
3  A O  6  5  1  5  2  O  • O  O  
3 4 0 9 4  1  5  O  O  • O  O  «  
3  A O  9  A 1  5  O  O  • O  O  #  
3  A 2  o  a  2  5  6  5  • o  o  
3 4 4 6 6  7  1  • o  o  
3 4 6 7 5  1  3  O  O  . 0 0 $  
3  A 6  7  5  1  3  O  O  • o  o  •  
3 - 4 9 9  1  8  5  • o  o  
3  6  8  4  7  8  O  • o  o  
3  6  8  4  6  4  2  . 5  O  
3  9  6  1 6  7  1  . o  o  

4  1 8  4  4  1  1  3  • o  o  
4  2  O  9  5  1  1  6  • o  o  
A 3  7  O  6  2  1 5  • o  o  
4  3  9  3  9  1  o  o  o  • o  o  
- 4 4 2 1 1  1  1  8  • o  o  
- 4  4 2  2 4  3  • 3  o  
4  5  2  1  6  P  2  4  7  • o  o  
A 5  2  1  6  H  4  4 0  • o  o  
A 9  O  6  7  3  T  O  • o  o  
< 3 6 8 2  2  T  5  • o  o  

5  1  O  5  8  1  6  • o  o  

Coil No. Resistance 

a o o 1 e 
© O O S 6 
a O O 9 7 
a  O  3  O  7  
8  0  4  1 °  

a  o  4  i  i  
a  o  4  1  2  
a  o  4  1  3  
a  o  4  1  4  
a  O  4  3  o  
a  O  4  3  1  

1 5 1 3 3 3  6  O  O  O  
1 5 1 3 6 8  1  2  7  5  O  
1  5  2  2  7  2  P  1  5  O  O  
1  5  2  2  7  2  H  4  2  2  O  O  
1  5  3  6  O  5  1  4  5  O  
1  5  3  6  O  7  1  5  O  O  O  
1 5 5 8 5 7  8  O  O  O  O  
1  5  6  O  6  3  6  4  O  O  O  
1 5 6 4 2 5  7  7  O  O  O  
1 5 7 3 4 5  1  7  O  O  O  
1 5 7 5 1 7  6  4  O  O  
1 5 7 9 2 5  3  O  O  
1 5 7 9 2 6  6  O  
1 5  8  1  1 5  1  5  O  O  
1  5  8  2  O  3  1  2  6  O  O  O  
1 5 8 4 4 5  1  1  O  O  
1 5 8 5 7 6  5  O  O  O  

1 5 9 3 2 6  1  1  1  O  O  O  

1 5 9 5 8 1  5  7  5  O  O  
1  5  9  8  3  O  2  6  5  O  O  

1 5 9 8 3 2  1  6  5  6  O  O  

1 6 1 2 9 3  1  2  1  O  O  

1 6 6 5 9 5  1  2  6  . O  O  

1 6 6 7 3 3  1  7  6  . O  O  

1 6 6 8 8 8  5  6  . O  O  

1 6 7 4 2 4  1  5  3  . O  O  

1  7  O  1  8  7  P  1  1  4  5  . O  O  

1  7  O  1  8  7  H  3  2  O  O  • O  O  

1  7  O  5  7  O  1  O  4  O  . O  O  

1 7 2 5 2 8  3  7  O  . O  O  

1 7 2 8 1 4  3  6  . O  O  

1 7 2 8 1 5  1  4  . O  O  

1 7 2 8 1 6  1  3  O  . O  O  

1 7 2 8 2 5  1  1  2  • O  O  

1 7 3 4 3 0  6  4  1  . O  O  

1 7 5 2 3 6 P  1  1  1  . O  O  

1  7  5  2  3  6  H  1  1  5 0  . O  O  

1 7 8 5 5 4  4  . 9  O  

1 7 8 8 4 5  5  3  . O  O  

1 7 8 9 6 9  1  9  5  . O  O  

1 7 9 2 6 4  2  3  5  . O  O  

1 7 9 2 6 5  2  2  . 5  O  

1  O  3  o  .  O  O  
1  Y  3  5  .  O  O  

2  7  2 . 0 0  
9  7  .  O  O  

7  .  8  O  

© . S O  
3  6  .  O  O  
4  1  .  O  O  
9  S  •  O  O  
1 S • & O 
1  9  .  2  O  
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Coil No. Resistance 

C U S T O M E R  E N G I N E E R I N G  

Resistance Coil No. 

1  9  S  S  S  9  P  
1  9 S  S  S  9  H  

2  O  2  S  O  6  
2 0 3 0 S 7  
2 0 4 9 4 1  
2  O  5  4  3  9  
2 0 5 6 4 2  
2  O  S  3  S  1  
2 0 7 9 6 4  
2  O  9  7  O  A  

1  S  3  O  
2 4 6 1  

I  2  6  3  3  
I  2  7  A  2  
I  4  2  2  2  P  
I  < 4  2  2  2  H  
I  4 5 5 0  
I  9  3  1  O  

3  9  5  . O O  
8  2  5  . O O  

1  A O  .  O  O  
1 & A . O'O 
3 5 0 .  O  O  
1  7  O  .  O  O  
1 5  7 .  O  O  
2 7 0 . 0 0  
7 5 0 . 0 0  

7  2  .  e  o  

• 4  2  
1  9  

O  O  
O  O  

3  3 . 2 0  
4 7 0 . O O  
4  7  0  . O O  
1 2  0  . O O  
2 2 0 . O O  

2  S  O  
6  3  

2  7  7  
2  S  O  
1 9  6  
1 1 2  
3 0 0 
3 9  O  

2  2  5 0  
1  O  1  7  

9  1 0  
4  4  5  

I O I O  

.  O  O  
. O O  
. O O  
. O O  
.  O  o  
. 0 0  
.  o  o  
.  o  o  
.  o  o  
. 0  o  
. 0  o  
. 0  o  
•  0 0  

2  8  0  2  2  5  P  1 2  1 5  • O  O  

2  8  O  2  2  5  H  1 2  2  0  • O  O  

2  8  O  8  2  7  2  2  0  O  O  

2  8  1 4  4  7  1 6  9  • O  O  

2 8 2 7 4 3  1 1 5  • 0  0  

2  8  2  9  1  1  P  6  5  O  • 0  0  

2  8  2  9  1  1  H  7  7 0  • 0  0  

2  8  2  9  6  4  P  1 5  3  • 0  0  

2  8  2  9  6  4  H  4  3  0  • 0  0  

2  8  3 5  O  7 P  1 1 7  5  • 0  0  

2  8  3  5  O  7  H  3  9  O  O  • 0  0  

2 8 7 1 4 8  7  a  0  • 0  0  

3  O  3  4  5  O  9  O  • 0  0  

3  O  6  5  4  2  5  6  • 0  0  
3  O  8  4  1 7  3  0  0  • 0  0  

4 5 5 1 6 7  7 5 0 . 0 0  
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Varistors 
Avaristor is a circuit element that 

changes resistance under varying 
conditions. In most applications, re
sistors are designed to remain essen
tially constant for differing voltage 
and current conditions, but varistors 
are designed to change resistance 
under varying currents, voltages or 
temperatures. Varistors are classed 
as symmetrical varistors, unsymmet-
rical varistors and thermistors. 

Symmetrical Varistors 
The resistance of symmetrical 

varistors varies with the applied 
voltage. This type of varistor is used 
to limit surge currents. Silicon car
bide is mixed with a ceramic binder 
and molded into discs. The discs are 
baked at high temperature in much 
the same manner that clay is fired in 
making dishes. Terminals are at
tached to the surfaces of the discs to 
complete the assembly. The material 
consists of resistive particles sepa
rated by thin insulating films of sili
con dioxide. When a voltage is ap
plied to a varistor of this type, the 
films break down and conduct as the 
voltage is raised. The higher the 
voltage, the larger the number of 
films that conduct. The insulating 
film reforms as soon as the voltage 
is removed. The completed circuit 
element has high resistance to low 
voltage but low resistance to high 
voltage. A varistor is applied across 
circuits where surge voltages occur. 
For example, on certain Type 405 
machines, varistors of this type were 
applied across the plus and minus 
relay coils that caused excessive 
surge voltages when de-energized. 
The varistor exhibits high resistance 
to 40-volts, but essentially shunts 
the relay coil to provide a path for 
the currents induced when the coils 
are de-energized. This prevents the 
build-up of high surge voltages. 

Unsymmetrical Varistors 
Certain substances have the prop

erty of passing current freely in one 
direction, but limiting it severely in 
the opposite direction. These sub
stances include copper oxide, copper 
sulfide and selenium, used in power 
rectifiers, and silicon and germanium 
crystals used in communications and 
computing equipment. 

Selenium Rectifiers. Dry metallic rec
tifiers have several advantages over 
vacuum-tube diodes when used to 
change AC line voltages to the DC 
potentials required for IBM ma
chines. They do not require a time 
delay for the cathode to heat, they 
can handle heavy current overloads, 
their life is much longer than that of 
a vacuum tube, and they can supply 
much higher currents than a ther
mionic vacuum tube power supply 
occupying the same space. When 
vacuum-tube rectifiers age the DC 
output decreases, and a time may 
come when the output is sufficiently 
low to cause an occasional failure in 
machine operation. The metallic rec
tifier output decreases so slowly that 
under normal conditions the rectifier 
far outlasts the life of the machine. 

Several types of metallic rectifiers 
have been developed, but the sele
nium type is preferable because of 
its small size and weight for a given 
wattage output, its high efficiency 
and good voltage regulation. 

The selenium dry disc rectifier is 
assembled from aluminum or steel 
discs coated on one side with a thin 
layer of selenium, which is a sub
stance that chemically resembles 
sulphur. Over this thin coating is 
sprayed a layer of metallic alloy that 
makes even contact with the sele
nium. Between the selenium and the 
alloy a barrier layer is formed, which 
has the unique property of offering a 
low resistance to electrons flowing 
from alloy to selenium but a high 

Figure 56. Hall-Wave Metallic Rectifier Circuit 
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1st Half Wave 

2nd Half Wave 

AC Yellow 

Figure 57. Hall-Wave Metallic Rectifier Circuit 

resistance to electron flow in the op
posite direction. The selenium cell 
therefore acts in the same manner as 
a vacuum diode, with the alloy act
ing as a cathode and the selenium 
serving as an anode. 

Each selenium cell is capable of 
withstanding a back voltage of 26 
volts. If higher voltage is to be rec
tified the cells are connected in 
series. Seven such cells would be 
required to withstand the 161-volt 
peak voltage of nominal 110 volts 
AC, but more are used to give a 
safety factor. 

The selenium rectifier is repre
sented by the symbol shown in Fig
ure 56. Note the direction of high 
resistance to electron flow. The ter
minal marked positive ( + ) is gen
erally daubed with red paint. 

Frequently it is desirable to use 
selenium rectifiers to accomplish full-
wave rectification. The bridge circuit 
of Figure 57 is most commonly used. 
The terminals marked AC are daubed 
with yellow paint to indicate that 
they are connected to alternating 
current. 

The electrolytic filter capacitors 
are connected in the manner indi
cated—with the red positive termi
nal connected to the positive ter
minal of the rectifier. 

The selenium rectifier will with
stand high current overloads, but 
voltage overloads puncture the bar
rier layer. When the barrier layer 
has been punctured a pungent odor 
will be noticed. If the overload is 
slight, the selenium will heal the 
puncture, but if a severe overload 
has occurred, the entire rectifier 
must be replaced. 

Germanium Crystal Rectifiers. In the 
early days of radio development 
radio receiving sets used a detector 
made by clamping a small piece of 
metallic crystal in a small cup or re
ceptacle. A flexible wire "cat whisker" 
was held in light contact with a 
"sensitive" spot on the crystal. This 
arrangement permitted electrons to 

Bow 

O O 
Symbol 

Least resistance to 
electron flow 

Figure 58. Rectifier Polarity 
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flow easily from the cat whisker, 
which was made of a metal having 
free electrons, to the crystal, but 
electrons were impeded in the re
verse direction because the crystal 
had very few free electrons. Thus, 
rectification or detection of the in
coming radio frequency voltage was 
accomplished. The development of 
the vacuum tube diode made crystal 
detectors obsolete in commercial 
radio sets; however, because the 
crystal diode rectifier is superior in 
certain respects to the vacuum-tube 
diode, especially in high-frequency 
circuits, considerable development 
has been made on this device. 

The most widely used substance 
for crystal diodes is crystalline ger
manium. A germanium crystal is 
pressed into a holder and the ex
posed surface is then ground and 
polished to a bright finish. The crys-
tal is assembled in its cartridge 
with a "cat whisker" of platinum or 
tungsten pressing lightly on the ger
manium surface. A high current is 
sent through the assembly momen
tarily to heat the cat whisker, and 
a weld is formed between the 
whisker and the crystal. The welded 
unit is mechanically stable, and does 
not require further adjustment. 

A method of testing germanium 
diodes will be found on page 10. 

Tips on Crystal Diodes 
1. Do not pull on the diode leads. 

The unit is fragile and can be 
open circuited with excessive 
abuse. 

2. Care should be exercised when 
soldering the diode in the termi
nal block. Excessive heat can be 
transmitted through the terminal 
leads to the crystal and cause 
damage. Only apply sufficient 
heat to melt the solder. Grip the 
lead between the body of the 
diode and the soldering point 
with a pair of pliers so that some 
of the heat that would normally 
be transmitted to the diode will 
be absorbed by the pliers. 

3. Do not mount the diode on the 
terminal block with the reads 
pulled tight. 

4. A new diode can be defective. 
Always test a diode a second time 
after it has been installed in the 
terminal block. 

5. The life of a diode cannot be de
termined by testing, as the most 
common break occurs at the con

nection between the whisker and 
the crystal. A diode may be 
tested and will operate satisfac
torily one minute, but it may be
come defective the next. Only 
after a satisfactory period of op
eration may the diode be consid
ered stable. 

6. A high temperature in an area 
around a diode can cause unsat
isfactory results. Do not mount 
the diodes in a tight solid group. 
Leave some space for air circula
tion around each diode. 

7. Crystal diodes have a very short 
"shelf life." Diodes that are in a 
machine, or kept in a tool bag 
and not used electrically will de
teriorate very fast. Suggestion: 
Operate all diodes electrically 
once a week to keep them ready 
for use when required. 

More information on crystal diodes 
will be found on page 9. 

Thermistors 
Thermistors are varistors that 

change electrical resistance with 
changes in temperature. They are 
usually used as resistance thermome
ters to measure temperature changes 
electrically. Substances such as ura
nium oxide and silver sulfide are 
melted and formed into beads. Plati
num wires form the electrical con
nections to these beads. In the power 
supply of the Type 604 a thermistor 
is used to set up an accurate stand
ard voltage against which a portion 
of the line voltage is compared. A 
change in line voltage changes the 
voltage drop across the thermistor 
and actuates a circuit to adjust the 
output voltage. 

Transformers 
A transformer is a device for 

changing the voltage of alternating 
current power. It consists of two or 
more windings around a soft iron 
core. Current in the primary wind
ing induces a pulsating magnetic 
field about the transformer, and the 
varying magnetic field induces a 
voltage in the secondary windings. 

The following rough working rule 
to apply to transformer voltages 
should be remembered. 

Primary voltage 
Secondary voltage 

Turns in primary winding 
Turns in secondary winding 
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The rule is useful in determining 
which taps of the power transform
ers on IBM machines should be se
lected. One type of IBM power 
transformer is shown in Figure 59. 
One side of the input AC line should 
be connected to the nominal line 
voltage (for example, 150 volts) 
binder post and the other side should 
be connected to TV. With the IBM 
meter on the 50-volt DC scale, the 
DC voltage measured across the 
bleeder resistor should be 46 ± 2 
volts. If the voltage is less than 44 
volts, move the input wire from TV 
to LOW. By decreasing the number 
of effective turns in the primary, the 
voltage induced in the secondary 
will be increased. If the output volt
age must be lowered, the transformer 
tap labeled H is used. Increasing the 
number of effective turns in the pri
mary reduces voltage induced in the 
secondary. 

Figure 59B shows another IBM 
power transformer. This type has ad

justable taps on both primary and 
secondary windings. The line voltage 
is normally connected between taps 
1 and 3 on the primary winding. If 
the line voltage is higher than 117 
volts, the DC output voltage will be 
greater than 48 volts. To remedy 
this condition, the live wire may be 
moved from tap 3 to tap 4, increas
ing the number of turns in the pri
mary and reducing the secondary 
voltage. If the meter connected 
across the DC terminals still indi
cates above 48 volts, the secondary 
tap (A on the diagram) should be 
moved to include fewer turns. De
creasing the number of turns in the 
secondary will reduce the output 
voltage. 

If the output voltage as measured 
by the meter is lower than 44 volts, 
the number of turns on the primary 
may be decreased, and the number 
of turns on the secondary may be 
increased. 

46 ± 2 
V 

Figure 59-A. Transformer Connections 

Vol n 

Figure 59-B. Transformer Connections 
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Circuit Breakers and Cam Contacts 

General 
The proper inspection, lubrication 

and adjustment of circuit breakers 
and other electrical timing devices 
is becoming more important be
cause of higher machine speeds and 
because of the use of circuit breakers 
in electronic circuits. The impulse 
duration has, in some cases, been re
duced to a relatively short impulse 
with a very limited tolerance. 

A high resistance short caused by 
dirt or carbonized oil between the 
circuit breakers may be the cause of 
intermittent failures in electronic cir
cuits, while in a relay or magnet cir
cuit this same short might not cause 
any trouble. 

If the circuits are to perform their 
functions properly, it is imperative 
that the circuit breakers and cam 
contacts receive regular and thor
ough preventive maintenance. 

When an adjustment is necessary, 
the circuit breakers should first be 
cleaned, inspected, and lubricated, 
using the procedure outlined for 
each type. 

A complete row of circuit breakers 
with the wires attached can, in most 
cases, be loosened and moved out 
from the machine for easier cleaning 
and inspection. Take care that the 
wires are not stretched, broken, or 
pulled loose from the circuit breaker 
terminals. Do not allow circuit 
breaker assemblies to be supported 
only by the wires at any time. 

Circuit breakers should be cleaned 
thoroughly using an authorized sol
vent to remove all old oil, grease and 
dirt. Be careful to clean the spaces 
between circuit breakers and to clean 
the insulating strips in the contact 
pile-ups. 

Grasp each row of circuit breaker 
cams and attempt to rotate the shaft 
in one direction and then the other, 
checking the gear train for play. The 
only play that is allowable is caused 
by the normal wink between the 
gears. If the play seems to be ex
cessive, check carefully to determine 
the cause. 

When the contacts are timed, the 
end of the cam duration which has 
the degree given on the timing chart 
is to be accurately set. This may be 
either the make or the break time 
for the contact. A split-block adjust
ment is provided on the drive gear 
of most units to allow all the cams 
to be timed more closely than could 
be done by moving the drive gear 
one full tooth. The split block should 
be adjusted only if the majority of 
circuit breakers requires the same 
amount of change in timing. 

Use a dynamic timer to check the 
make or break timing and the dura
tion whenever it is possible to use 
one. Reference should be made to 
customer engineering manual Meters 
and Test Devices (Form 22-8788-1) 
for complete instructions concerning 
the use of the dynamic timer. The 
dynamic timer gives an accurate pic
ture of the duration only. It does not 
show contact condition. An ohm-
meter should be used to determine 
the quality of the circuit through the 
connecting wires and contact points. 
Machine power must be OFF when 
using a test light or an ohmmeter. 

The screws holding the contact 
pile-ups, the brass jumpers, and the 
wire terminals should be checked for 
tightness. 

The adjustments for each type of 
circuit breaker are listed in the order 
in which they should be made. 

A new customer engineering ref
erence manual, Meters and Test De
vices, Form 22-8788-1 describes the 
method used to check circuit breaker 
impulses with an oscilloscope. If 
such a device is available, it can give 
an accurate picture of the circuit 
breaker impulse. 

ROCKER ARM 
CIRCUIT BREAKER 

Preventive Maintenance 
Use an authorized solvent to clean 

cam surfaces of all old grease and 
dirt. Check to see that the cam is 
not loose, warped, or eccentric. 

2 
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Cam rollers should be checked to 
see if they are loose or binding. Re
place the rocker arm when the roller 
bearing is bad. 

The rocker arm pivot should be 
checked to see if it is loose or bind
ing. Replace the rocker arm when 
the pivot bushing is worn. 

Circuit breakers should be cleaned 
with an authorized solvent. If the 
points are badly pitted, replace 
them. When it is necessary to use 
an abrasive on circuit breaker points, 
it is recommended that a folded strip 
of trimite paper be used. After clean
ing with a solvent or with an abras
ive, make certain that all particles 
have been removed from the con
tact surfaces. A good method to fol
low is to rub the surfaces with a 
finger and then to polish thoroughly 
with a burnishing tool. 

A rocker arm is available that has 
a removable point. It is to be used 
in positions where frequent replace
ment of points is necessary. The part 
numbers of the arm and point are: 
contact breaker arm 198248;oontact 
point (only) 198247; nut 27073; 
lock washer 6364; circuit breaker 
arm (only) 198275. 

Check the screws holding the con
tact pile-ups for tightness. 

Make certain that the contact sur
faces are parallel and that they meet 
squarely. 

If any of the rocker arms seem to 
have noticeably less spring tension 
than the others, replace them. 

When any of the component parts 
of the circuit breaker assembly are 
replaced, the adjustments should be 
checked. 

Lubrication 
IBM 6 

(1) The cam follower roller. 
(2) The rocker arm pivot. 

IBM 17 
(1) A very light film on the 
cam surface. 
(2) The cam follower roller (ap
ply IBM 6 first). 

Exercise caution in lubricating 
contact assemblies. Where the con
tact points are lower than the pivot 
point, too much lubricant should not 
be used, because it will run down the 
arm and may prevent the points 
from making contact. 

Adjustments 
1. Align the points so that the 

sides and faces are parallel (Fig
ure 1). 

2. The cam follower roller must 
be clear of the cam surface when 
the points are closed (Figure 1). 

3. With the cam follower roller 
on the high surface of the cam, set 
the contact air gap with the adjust
able contact point as specified on the 
electrical timing chart for the ma
chine (Figure 2). On some older ma
chines the correct air gap must be 
obtained from the customer engi
neering manual of instruction. 

4. Loosen the setscrews in the cir
cuit breaker cam (Figure 2), and 
turn the cam to obtain the proper 
timing as specified on the electrical 
timing chart for the machine. Use 
a dynamic timer whenever possible 
to check the timing of the circuit 
breaker contacts. Be sure to tighten 
the setscrews if they have been 
loosened. 

Figure 1. Rocker Arm Circuit 
Breaker Adjustments 1 and 2 
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Setscrews 

Adjustable 
contact point 

Figure 2. Rocker Arm Circuit 
Breaker Adjustments 3 and 4 

PLUNGER 
CIRCUIT BREAKER 

Preventive Maintenance 
Inspect for a build-up of carbon

ized oil or other foreign material 
which could cause a short circuit be
tween the contact straps. This ac
cumulation will occur around the 
points and between the straps. 

The plunger type circuit breakers 
cannot be properly cleaned in the 
machine. The complete contact bar 
assembly can usually be removed 
from the machine with the wires at
tached. These bars are not doweled, 
so it is necessary to use some means 
of determining that they are rein
stalled in the same position from 
which they were removed. One 
method is to check the timing of 
a few cams on each end before the 
bar is removed. Then reinstall the 
bar so that these cams have the 
same timing that they formerly had. 

When the circuit breaker assem
blies are removed from the machine, 
they should be flushed out with an 
authorized solvent. Be very careful 
not to damage the wires and cables. 
The circuit breaker assemblies should 
never be supported by wires alone. 

This cleaning procedure must be 
repeated periodically to reduce the 
possibilities of machine failure by 
minimizing the accumulation of dirt 
and carbon. The recommended maxi
mum length of time between clean
ings is six months. When compressed 
air is available, it should be used to 
blow the solvent out of the circuit 
breakers after cleaning. 

A burnishing tool should be used 
to polish the circuit breaker points 
after they are cleaned. This will re
move any particles or any film that 
is left by the cleaning process. A 
new burnishing tool, part 450567, is 
available. It can be used to burnish 
normally closed and normally open 
plunger type circuit breaker points. 

Check the cable connections to the 
circuit breakers. Screws holding the 
brass jumpers and contact pile-ups 
should be tightened periodically. The 
taper plugs that plug into the circuit 
breaker contact block may become 
loose due to vibration or movement 
of the cable. They should be tight
ened using long nosed pliers. 

Circuit breakers with badly pitted 
points or with worn plungers should 
be replaced as an assembly. It is 
not advisable to change component 
parts. The contact tension must be 
exact if the circuit breaker is to op
erate correctly, and this tension can
not be properly obtained by the cus
tomer engineer when he replaces the 
contacts. The plunger has a tendency 
to stick when it becomes worn. It is, 
therefore, better to replace the old 
contact with a new assembly. 

Lubrication 
Plunger and Latching Plunger Cir

cuit Breakers. 
IBM 6 

(1) Place a small amount on 
the contact operating plunger. 
Never lubricate the plastic con
tact operating plunger of the 
roller cam follower circuit 
breaker. 
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(2) The pivot of the contact 
latch of the latching plunger 
circuit breaker. 

IBM 9 
(1) On the Type 602A and the 
Types 402-403 machines the Bi-
jur lines to the felt cam wipers 
and bearings of the circuit 
breaker unit should be removed 
and plugged with the Bijur 
closure plug, part number 
190278. This is done to reduce 
the amount of oil received by 
these units. Periodic light appli
cations of IBM 9 on the felt 
cam wipers will be necessary. 
(2) A small amount should be 
applied to the circuit breaker 
cam shaft bearings. 
(3) Care must be exercised not 
to over-lubricate the circuit 
breaker units. 

Plunger Circuit Breaker with 
Roller Cam Follower. 

IBM 9 
(1) Use sparingly on the roller 
arm pivot stud. 

IBM 12 
(1) One drop on each end of 
the roller shaft. 

IBM 24 
(1) Apply a light film to the 
cam surface. 

The plastic contact operating 
plunger of the roller cam follower 
circuit breaker should not be lubri
cated. 

Adjustments — Plunger Type 
EITHER a normally open or a nor
mally closed circuit breaker may be 
used to give the desired contact 
duration. If the contact duration is 
to be less than 180", a normally open 
circuit breaker is used. The contact 
will be closed by the cam for the 
desired time. If the contact duration 
is to be greater than 180", a nor
mally closed circuit breaker is used. 
The contact will be opened by the 
cam for the number of degrees that 
the contacts should not be made. 

Normally Open Circuit Breaker 
1. The lower strap should be 

formed at point A to provide proper 
tension. (Figure 3). At the factory 
these straps are adjusted so that a 
force of 160 grams plus or minus 10 
grams (approximately 6 oz.) applied 
at the tip of the lower strap will just 
close the points. This tension must 
be maintained accurately to prevent 
a bouncing condition. 

Plunger Spring 

Figure 3. Plunger Circuit Breaker 
Adjustment 1 

2. The upper contact support 
should be formed at point B (Figure 
4) to provide a .015" to .018" clear
ance between the upper contact and 
the lower contact when in its normal 
position resting on the plunger. Be
fore the upper contact is bent, the 
operating button is installed which 
gives the closest starting clearance. 
The white button 205740 is stand
ard; the red button 186882 is .015" 
shorter. 

Form Here-B 

.015"-.018" 

Figure 4. Plunger Circuit Breaker 
Adjustment 2 
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Figure 5. Plunger Circuit Breaker 
Adjustment 3 

Figure 6. Plunger Circuit Breaker 
Adjustments 4 and 5 

3. Check to be sure that the 
plunger does not bind (Figure 5). 
The design of the split bushing is 
such that the coil spring spreads the 
bushing to create a drag between the 
bushing and frame which increases 
the pressure required to close the 
contact from 160 grams (pressure re
quired to close the contact) to 225 
grams (approximately 8 oz.). This 
friction is used to dampen the re
bound when the contact closes. 
Check to be sure that a maximum 
of 240 grams applied to the plunger 
closes the contact. 

4. Locate the cam contact unit on 
the mounting bar with the plunger 
on the highest point of the cam lobe 
and the contact points just closed 
(Figure 6), and advance the adjust
ing screw one-half turn to obtain 
a .010" to .015" additional move
ment of the plunger. The total rise 
from the low dwell to the high dwell 
of the cam is .065". With the air gap 
set for .015" to .018" and the contact 
assembly correctly located on the 
mounting bar, the clearance between 
the cam plunger and the low dwell 
should not be greater than .018". 
This may be checked by inserting an 
.018" gauge between the low dwell 
of the cam and the plunger and ob
serving any perceptible movement of 
the contact strap. This indicates that 
the additional travel of the plunger, 
after the contact is closed, will be 
sufficient to compress the plunger 
spring and provide good contact 
tension. 

5. To adjust the make time of the 
contact, loosen the screws holding 
the cam to the shaft (Figure 6) un
til the cam is just snug on the shaft. 
Turn the machine to the index point 
corresponding with the make time of 
the cam. Move the cam on the shaft 
in the direction of rotation until the 
contact just closes. The machine may 
now be turned to a point where the 
cam holding screws can be tightened. 
The circuit breaker cam clamp is 
provided with notches and accurate 
adjustment of the cam may be ob
tained by tapping lightly against the 
notch with a screwdriver. 

When the cam time duration is of 
a number of degrees not supplied by 
a standard cam, an additional adjust
ment must be made. It will be neces
sary to raise or lower the contact as
sembly until the desired condition 
is satisfied. Check the duration with 
a dynamic timer after the adjust
ment is changed. A contact which is 
dirty or is making with little tension 
may indicate proper duration on the 
dynamic timer, yet it may not be 
capable of carrying a heavier current 
load such as required to operate one 
or more relays. Be sure of the con
tact condition. 

Normally Closed Circuit Breaker 
The sides of the contact operating 

button of the normally closed circuit 
breaker have been cut away to pre
vent an accumulation of carbon and 
dirt at the contact points which 
causes the points to become shorted. 
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300^25 Grams pressure 
to open contact 

Figure 7. Normally Closed Plunger 
Circuit Breaker, Adjustments 1 and 2 

1. The lower contact support 
should be formed at the point A 
(Figure 7) to provide a .013" clear
ance between the upper contact 
strap when it is in its normal po
sition and the operating plunger. 

2. A pressure of 300 grams plus 
or minus 25 grams (approximately 
10.6 oz.) on the contact plunger (Fig
ure 7) should be required to open 
the contact points. 

3. Locate the cam contact unit on 
the mounting bar at its extreme limit 
of travel away from the cam (Figure 
8). With the plunger on the highest 

point of the cam lobe, advance the 
adjusting screw until the air gap at 
the contact points is a minimum of 
.020" when the plunger is raised to 
its limit of travel. 

Cams 
The side of all cams are stamped 

with the number of degrees of dura
tion of their high point. 
PART NO. DEGREE PART No. DEGREE 

222796 6° 222785 85° 
222708 8° 222790 90° 
222710 10° 222795 95° 
222712 12° 222800 100° 
222715 15° 222805 105° 
222718 18° 222810 110° 
222720 20° 222812 112° 
222722 22° 222815 115° 
222725 25" 222820 120° 
222730 30° 222825 125° 
222735 35° 222830 130° 
222740 40° 222835 135° 
222745 45° 222840 140° 
222750 50° 222845 145° 
222755 55° 222850 150° 
222760 60° 222855 155° 
222765 65° 222860 160° 
222770 70° 222865 165° 
222775 75° 222870 170° 
222780 80° 222875 175° 

222880 180° 

Where it is necessary to have 
closer tolerances than are available 
with powdered bronze cams, ma
chined steel cams are used. 

Adjustments — Latching Type 
The latching plunger circuit 

breaker (Figure 9) makes it possible 

Loosen slightly 
before shifting cam 

Figure 8. Normally Closed Plunger 
Circuit Breaker, Adjustment 3 

Cam 

Cam Holding Screws 

Figure 9. Latching Plunger Circuit 
Breaker 

Adjusting 
Screw 

Contact 

.10"-.015" 
Latching Clearance 

Latching 
Cam 
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Figure 10. Latching Plunger Circuit 
Breaker, Adjustment 1 

to obtain any desired duration of 
contact, ranging from a fraction of a 
cycle point to a complete cycle. 

All contacts are closed by a lobe 
on a bronze cam which operates 
against the contact plunger and 
carries it beyond the latching point 
so that the latch arm may support 
the contact plunger. The unlatching 
cam may be adjusted to any position 
with respect to the periphery of the 
bronze cam. This cam strikes the 
latch arm and unlatches the contact 
plunger. In this manner the contact 
duration may be adjusted. 

1. The lower contact strap should 
be formed at point A to provide 
proper tension (Figure 10). At the 
factory these straps are adjusted so 
that a force of 160 grams, plus or 
minus 10 grams, (approximately 6 
oz.) applied at the tip of the lower 
strap, point B, will close the points. 
To avoid a bouncing condition this 
tension must be maintained accu
rately. 

2. Place shims beneath the plunger 
stop plate as required to obtain a 
.040" to .050" travel of the plunger 
before latching up occurs (Figure 
11). If the contact plunger is over
lapped by the latch by an amount 
equal to the thickness of the latch 
metal, this should provide the .040" 
to .050" travel. When the latch arm 
is unlatched, a pressure of 45 grams 
plus or minus 5 grams, applied at 
the point where the unlatching cam 
operates against the latch arm should 
move the latch away from the 
plunger. 

Figure 11. Latching Plunger Circuit 
Breaker, Adjustment 2 

3. Place shims between the lower 
contact terminal block and the con
tact strap (Figure 12) to provide a 
.015" to .018" air gap between the 
contact points. 

Figure 12. Latching Plunger Circuit 
Breaker, Adjustment 3 
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225— 15 
Grams pressure 
to close contact 

Figure 13. Latching Plunger Circuit 
Breaker, Adjustment 4 

4. Check to be sure that the 
plunger does not bind (Figure 13). 
The design of the split bushing is 
such that the coil spring spreads the 
bushing to create a drag between the 
bushing and frame, increasing the 
pressure required to close the con
tact from 160 grams (pressure re
quired to compress the spring) to 
225 grams (approximately 8 oz.). 
This friction is used to dampen the 
rebound when the contact closes. 
Check to be sure that a maximum of 
240 grams applied to the plunger 
closes the contact. 

5. A pressure of 600 grams plus or 
minus 20 grams, (approximately 21 
oz.) on the contact plunger (Figure 
14) should be required to compress 
the plunger spring to the latching 
point. These values have been tested 
and found to provide a good op
erating condition. 

6. Locate the cam contact unit on 
the mounting bar at its extreme limit 
of tiavel away from the cam (Figure 
15), and with the plunger on the 
highest point of the cam lobe, ad
vance the adjusting screw until the 
plunger latches; then advance the 
screw one-half turn additional to ob
tain a .010" to .015" movement of 
the plunger beyond the latch point. 
This will provide clearance between 
the low dwell of the cam and the 
plunger. 

7. To adjust the make time of the 
contact, loosen the screws holding 
the cam to the shaft (Figure 15) 

Figure 14. Latching Plunger Circuit 
Breaker, Adjustment 5 

until the cam is just snug on the 
shaft. Turn the machine to the index 
point corresponding with the make 
time of the cam. Move the cam on 
the shaft in the direction of rotation 
until the contact just closes. The ma
chine may now be turned to a point 
where the cam holding screws can be 
tightened. An accurate adjustment 

Contact 
Plunger 

Latching 
Cam 

.10"-.015' 
Latching Cleara 

Unlatching Cam 
Screws 

Cam Holding Screws 

Figure 15. Latching Plunger Circuit 
Breaker, Adjustments 6, 7, and 8 

—w -f- 20 Grams 

Contacts Closed 
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may be obtained by inserting a 
screwdriver in the slots provided on 
the periphery of the cam for moving 
it on the shaft. 

8. To adjust the break time of the 
contact, loosen the contact unlatch
ing cam screws (Figure 15). Turn 
the machine to the proper index 
point and move the unlatching cam 
in its slot until the contact opens. 
Tighten the holding screws. There 
are six possible positions for holding 
screws, only two of which will be 
used at any one time. 

Adjustments — Roller Type 
The roller cam follower type of 

plunger circuit breaker is designed 
to operate at higher speeds than the 
standard plunger type. A curved flat 
spring is fastened to the roller arm. 
This spring operates the contact 
plunger which, in turn, operates the 
lower contact strap. 

1. A force of 100 to 150 grams 
should be required to move the op
erating point to the point where it 
contacts the stationary point when 
measured at the end of the operating 
strap. 

2. The contact air gap should be 
.027" to .032" when the plunger is 
resting against the frame (Figure 
16). Add or remove shims to obtain 
this adjustment. 

3. When measured at the roller, 
475 to 550 grams should be required 
to close the contacts with a .020" to 
.030" overtravel (Figure 17). 

Add or remove shims 

.027" to .032", 

Against 
frame 

Figure 17. Plunger Circuit Breaker, 
Roller Cam Follower, Adjustment 3 

4. With the circuit breaker assem
bly attached to the mounting bar by 
the holding screw (Figure 18), turn 
in on the adjustment screw to obtain 
a contact air gap of .017" to .022 
when in the low dwell of the cam. 

5. When positioning the dilecto 
cams, be careful not to tighten the 
cam holding screws too severely as 
their walls may crack. 

Should not 
rest against 

the frame 

475 to 550 Grams 
tension here Should give 

.020" to .030" 
overtravel 

Figure 16. Plunger Circuit Breakers, 
Roller Cam Follower, Adjustment 2 

Figure 18. Plunger Circuit Breaker, 
Roller Cam Follower, Adjustment 4 
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MASTER CIRCUIT 
BREAKERS, TYPE 407 

PREVENTIVE 
MAINTENANCE 

Cleaning 
Wipe away any oil around the cir

cuit breaker points. 
Wipe off the insulating plates. 

Lubrication 
Check to see that the Bijur sys

tem is furnishing oil to the contact 
bracket pivot point. 

The cam follower rollers and the 
cam surfaces are lubricated by ca
pillary action from the pivot point 
of the contact bracket assembly and 
by the oil vapor that fills the circuit 
breaker housing. IBM 17 should be 
used on the surfaces of the cams and 
rollers to supplement this means of 
lubrication. 

3. A drop of IBM 9 should be ap
plied to the roller bearings. 

4. A small amount of IBM 21 
should be applied to the point of 
sliding contact between the contact 
point bar and the contact cage. 

Inspection 
The timing of the circuit breakers 

should be checked. The transfer of 
metal from one point to the other 
will shorten the circuit breaker im
pulse. Machine failures can occur 
when the master circuit breakers 
have lost between one degree and 
one and one-half degrees duration. 
When this occurs, the loss of contact 
material is such that there is in
sufficient material remaining to war
rant any attempt at readjustment of 
the contacts. Therefore, contact re
placement should be made when 
there is sufficient loss of material to 
shorten the master circuit breaker 
impulse by one degree. 

Adjustment 
The contacts of the Type 407 

master circuit breakers (Figure 19) 
are wired in series. It is imperative 
that the utmost care be exercised 
when adjusting this unit. 

The following procedure should be 
followed when installing new contact 
points in the master circuit breakers: 

1. Install the new contact points, 
four of part 203866 and two of part 
203894. 

Stationary Contact Points 

Insulating 
Plates 

Cam 
Follower 

Setscrew 

Cam Group 
Clamping screws on 
drive gear collar 

Figure 19. Type 407 Master Circuit Breakers 



1 2  C I R C U I T  B R E A K E R S  C U S T O M E R  E N G I N E E R I N G  

2. Connect the first dynamic timer 
light from CB1 to the common con
tact cage, and the second light from 
CB2 to the common contact cage. 
Turn the machine slowly, using the 
front crank, and adjust contacts 1 
and 2 so that the timer lights make 
and break together and so that a 
duration of ten degrees is obtained. 
This is accomplished by varying the 
air gap by adjusting the stationary 
contacts. It is extremely important 
that the contacts make exactly to
gether and break exactly together. 
To insure this condition, extreme 
care must be used and the machines 
must be cranked very slowly. The 
time of make and break with respect 
to the index time is not important at 
this time. 

3. Connect timer light from CB3 
and 4 to common contact cage as in 
step 2, adjust for ten degrees dura
tion, and for the contacts to make 
and to break exactly together. As 
with CB1 and 2 it is necessary that 
extreme care be used to insure that 
the contacts make and break to
gether as accurately as the adjust
ment can be made, and that the 
contacts have exactly a 10 degree 
duration. 

4. If the contact points being ad
justed have flat points, they must be 
carefully straightened so that all 
contact surfaces are exactly parallel. 
In the event flat contacts are used 
and it is necessary to form them to 
make contact surfaces parallel, it 
will be necessary to repeat steps 2 
and 3. Then recheck for parallelism. 
Contacts presently shipped have 
round points which will eliminate 
the necessity for this step. 

5. The difference between the 
make of CB1 and 2 and the break 
of CB3 and 4 must be exactly eight 
degrees. This is set by loosening the 
setscrews for the complimentary 
cams and setting CB1 and 2 so that 
they make exactly at 172 degrees, 
plus 0 degrees minus Vi degree. CB3 
and 4 are to be similarly adjusted so 
that they break at exactly 180 de
grees, plus 0 degrees minus V2 de
gree. Use care to insure accurate 
adjustment and to keep the correct 
alignment between the cams and 
cam followers. Use a timer light 
across the points and turn the ma
chine slowly with the crank when 
timing the cams. 

6. Check the adjustment dy
namically and re-adjust for an eight-
degree pulse at 172 degrees, plus 0 
degrees, minus V2 degree, to 180 de
grees, plus 0 degrees, minus V2 de

gree, if necessary. Check the impulse 
at the other cycle points. However, 
slight variations at other points on 
the index can be ignored as there 
will be some slight variation due 
to manufacturing tolerances on the 
lobes of the cams and the effect of 
the variable speed of the selector 
gear shaft. 

SPRING STRAP 
CAM CONTACT 

Preventive Maintenance 
Clean the cam surfaces and con

tacts of all grease oil and dirt using 
an authorized solvent. When a point 
is badly burned, replace the contact 
strap assembly. 

Check the contact points to see if 
they are loose in the strap. They can 
be tightened by peening the point. 

Stone the points to a flat surface 
using a flexstone or trimite paper. 
After stoning or cleaning the contact 
points, they must be thoroughly pol
ished with a burnishing tool. 

Make certain that the contact sur
faces are parallel and that they meet 
squarely. Check the screws in the 
contact pile up for tightness. 

Lubrication 
IBM 17 

(1) A light film should be ap
plied to the cam surface. 

Adjustments 
There are two types of cam con

tacts commonly referred to as make 
or break contacts. They are identi
fied by their position after the oper
ating strap falls off the high dwelt of 
the cam. When the operating strap 
falls off the high dwell of the cam 
and the contact opens, a break con
tact is designated. When the op
erating strap falls off the high dwell 
of the cam and the contact closes, a 
make contact is designated. 

The plastic cams used to operate 
the contacts are stamped with a frac
tion indicating the size of the cam. 
The size is given in fourteenths or a 
fraction of 1/14, and it indicates the 
proportion of the circumference that 
is high (Figure 20). Thus, a 4/14 
cam has approximately 4/14 of its 
circumference high and 10/14 low. 
When used with a break contact, 
such a contact will be closed 4/14 
when the operating strap is on the 
high portion of the cam and will be 
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Figure 20. Contact Cam 

open 10/14 when on the low dwell 
of the cam. If a make contact is used, 
the contact will be open for 4/14 
and closed for 10/14 of the circum
ference of the cam. A make contact 
is open when the operating strap is 
on the high portion of the cam. 

1. Align the contact points for full 
contact by loosening the contact 
mounting screws and shifting straps 
for proper alignment. Be sure the 
screws are tightened. 

2. Adjust the make contact by 
bending the non-operating strap for 
an air gap of 1/32" between points 
when the operating strap is on the 
high dwell of the cam (Figure 21). 
The operating strap should have suf
ficient tension to insure good contact 
when the points are closed. 

3. Adjust the break contact by 
bending the non-operating contact 
support for 1/32" rise of the non-
operating strap off its support when 
the operating strap is on the high 
dwell of the cam (Figure 21). When 
the operating strap drops off the 
high dwell of the cam, there should 
be at least 1/16" air gap between 
the points. There should not be too 
much tension on the operating strap. 
Too much tension will cause noisy 
operation and excessive wear on the 
cams. 

4. Adjust the timing of the con
tacts by loosening the cam setscrews 
and shifting the cam on the shaft 
(Figure 21). The timing of the in
dividual contact is obtained from the 
timing chart which accompanies the 
machine. Make contacts are timed 
for the making point (the point at 
which the contact strap falls off the 
high dwell of the cam). Break con
tacts are timed for the proper break
ing point, according to the timing 
chart (the point at which the op
erating strap falls off the high dwell 
of the cam). 

Make cam contact 

Setscrews 

Break Cam Contact 

Figure 21 
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E L E C T R O N I C  T U B E  T E S T E R  

I N T R O D U C T I O N  

THE IBM Electronic Tube Tester (Figure 1) is a portable unit designed to test 
the electronic tubes commonly used in IBM under load conditions which 
approximate the actual circuits in which the tube is used. The short test will 
detect short circuits of up to 2 megohms resistance between elements. The 
meter used in this tester has a 10,000 ohm/volt, 100 micro-ampere movement 
identical to the IBM Volt-Ohmmeter 450461 now in use. The tester is so set up 
that the meter can be used independently and if necessary be replaced by a 
standard IBM Volt-Ohmmeter. 

A tube tester has the primary task of indicating a bad tube. A tube which 
fails any one of the specified tests may be rejected; however, tubes which pass 
all the specified tests satisfactorily can be proved good only by use in the 
machine. 

Three basic tests are made on each tube: 
1. Maximum plate current with zero volts on the control grid. For example, 

this tests the ability of the tube to conduct enough current to energize a 
selector unit magnet on the Type 077. 

2. Control grid voltage required to cut off plate current. In the 077 appli
cation, this tests the ability of the tube to stop conduction as soon as the 
card brush circuit breakers open the reading circuit. 

3. Presence of a short between any two elements of the tube. 
Additional tests may be made for some tubes, but all tests bear a relation

ship to the actual circuit used, and the ability of the tube to function properly 
in that circuit. 

When many tubes are to be checked, the tester should be set up and all 
tubes run through that portion of the test before changing the setup. If possible, 
the tester should be placed near the machine so that the tubes can be pre
heated with a minimum of lost time. 

Tables provided give testing instructions on all tubes presently used by 
IBM, with additional instructions on how to set up tests for other tubes which 
may be used in the future. 

G E N E R A L  O P E R A T I N G  I N S T R U C T I O N S  

CURRENT ranges of 15 ma (milliamperes) and 150 ma are added to the 
meter and labeled on the battery plate (Figure 2). When using the meter as a 
milliammeter separate from the tube tester circuits, be absolutely sure that 
the meter is in series with the load and that the current to be measured is 
less than the range to which the switch is set. Values of current will be indi
cated on the volts scale of the meter face. 

The tester is protected by a 3-amp. glass fuse, and the meter element is 
protected by a p-amp. glass fuse. Note that both of these are short fuses and 
cannot be replaced by the standard length glass fuse. The n-amp. fuse must 
be checked by an ohmmeter, not a test light. Good yj-amp. fuses may have 
up to 200 ohms resistance. 

This meter has two 1.5V pen-light size dry cells for use in the ohmmeter 
circuits. When using the tester as an ohmmeter, be sure that the power is off 
and the METER IN-METER OUT switch is set to METER OUT. When 
the dry cells are replaced, be sure the new ones are installed with the center 
terminals of the cells pointing toward the right. 
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S 

Tube Element Selector Switch S Mils 
Screen Loads 5,000 fi (25L6) 
Screen Volts 150V (25L6) 
Meter In-Out Meter In 
Meter Range Selector Switch 15 MA 
AC-DC Switch DC 

Figure 2. Screen Current and Meter Circuit 
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On this instrument the title of each control is printed directly below the 
associated control knob or switch. An explanation of the controls follows. 

Control Panel 
The three top horizontal rows of 11 hubs each are labeled 9, 7 and 8 and 

connected to the correspondingly numbered pins of the 9-, 7- and 8-pin tube 
sockets just to the right of the panel (Figure 3). Note that the rows are labeled 
9 (top), 7 (middle) and 8 (bottom). The guide pin at the center of the 9-pin 
noval socket is connected to hub 10 of the 9 row. The pins are numbered on the 
faces of the tube sockets in a counterclockwise direction from the key on the 
8-pin octal socket or from the blank space on the 7- and 9-pin sockets. (Note: 
The tube manual shows the bottom of the socket; hence, the pins are numbered 
in the opposite direction.) The correspondingly numbered pins of each tube 
socket are not connected together because of patent limitations. 

The three lower rows of hubs are connected to the tester circuits, with the 
exception of six hubs labeled C. These hubs are for use as a common bus 
where multiple-ended wires might be needed. The P hubs are connected through 
the plate load resistance to the plate volts supply. The S hubs are connected 
through the screen grid load resistance to the screen supply voltage. The G-l 
hubs are connected through a current limiting resistance to the negative 
supply voltage. The G-2 hubs are also connected through a protective re
sistance to the negative supply voltage. (Note the terminology used with this 
instrument in respect to element designation: G-l is the control grid; S is the 
screen grid for tetrodes and pentodes; G-2 is the other active grid in pentagrid 
tubes and some pentodes.) The K hubs are connected directly to the minus 
or zero side of the plate and screen supplies. The two vertical rows of H 
hubs (not common to each other) are connected directly to the tapped secondary 
of the filament transformer for AC heater power. The hubs labeled SHORT 
are explained with the SHORT-TEST switch. 

/ 

J 9-Pin 

Figure 3. Control Panel and Tube Sockets 
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Tube Element Selector 

This dial switch governs the internal connections of the meter to read the 
supply volts or tube element currents as indicated. 

Meter In — Meter Out 

In the METER OUT position, this toggle switch disconnects two of the 
meter leads to the internal wiring of the tube tester and connects them to the 
meter jacks so that the meter may then be used as a standard volt-ohmmeter. 
In the METER IN position, the meter is wired to the tube tester, under the 
control of the TUBE ELEMENT SELECTOR switch. Although the common 
meter jack is disconnected from the meter in this position, it is advisable to 
remove any test leads from the meter jacks while the meter is connected to 
the tester circuits. 

Meter Range Selector 

This rotary switch on the meter should be set on the proper range to read 
the voltage or current in question. When changing from voltage to current 
readings or vice versa the METER IN-METER OUT switch should be set 
to METER OUT until the TUBE ELEMENT SELECTOR switch and the 
METER RANGE SELECTOR switch are both positioned. When using the 
resistance ranges, be absolutely sure that the INPUT VOLTS switch is OFF. 

Input Volts 
This switch in the OFF position removes the 115V 50-60 cycle power from 

the unit. This switch is used to correct for variations of the existing line 
voltage. It controls filament, plate and screen supply volts. 

Filament Volts 

This switch controls the voltage applied to the two heater (H) terminals 
on the control panel. Filament voltages for the most popular tube types are 
provided. 

Screen Load (See Figure 4 for Typical Circuit) 

This wire-wound potentiometer inserts from 0 to 20,000 ohms in series with 
the hubs marked S on the control panel. This is the resistance wired in series 
between the screen grid of the tube and the + side of the screen grid supply 
voltage. On the 077 circuit this value is 5000 Q. 

This resistance can be set at the desired value by means of the ohmmeter-
INPUT VOLTS—OFF; SCREEN VOLTS—0 (max. counterclockwise)! 
METER OUT; METER RANGE SELECTOR—R x 100 range. Short COM. 
(common) and RES. (resistance) jacks on the meter and turn the ADJ. OHMS 
control until the meter reads zero on the OHMS scale. Wire from the S and K 
hubs of the control panel to the COM. and RES. jacks of the meter, and 
adjust the SCREEN LOAD control for desired resistance; turning the control 
clockwise increases the resistance. 
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Input Volts OFF 
Tube Element Selector Switch S Volts 
Meter Range Selector Switch R X 1,000 
Meter In-Out Meter Out 
Screen Volts Control 0 Volts (Max. ) 

Figure 4. Screen Load Resistance Measurement 

Plate Load 

The plate load is the amount of resistance in series between the plate of the 
tube and the plate supply voltage; for instance, the selector magnet coil in 
the 077. The PLATE LOAD selector switch inserts the indicated resistance 
values (all 10-watt resistors) in series with the P hubs on the control panel. 
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Tube Element Selector Switch p Volts 
Plate Load 250 (25L6) 
Meter Range Selector Switch 300V DC 
Meter In-Out Meter In 
AC-DC Switch DC 

Figure 5. Plate Volts Supply and Meter Circuit 

Plate Volts (See Figure 5 for Typical Circuit) 

This selector switch controls the DC supply voltage that is applied through 
the plate load resistor to the control panel hubs marked P. The indicated 
approximate voltages are positive with respect to the cathode (K) hub. 

Screen Volts 

This potentiometer controls the DC supply voltage that is applied through 
the screen load resistor to the control panel hubs marked S. It is continously 
variable from 0 to approximately +150 volts on the clockwise direction. 
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The screen volts control is set as follows: METER OUT; TUBE ELEMENT 
SELECTOR—S VOLTS; METER RANGE SELECTOR to proper DC 
scale; AC-DC switch to DC; INPUT VOLTS to proper line voltage; METER 
IN. Adjust the SCREEN VOLTS control for the required voltage; METER 
OUT. 

Grid 1 Volts 
This potentiometer controls the negative DC supply voltage (in respect 

to cathode) applied to control panel hubs marked G-l through a grid current 
limiting resistance of 50,000 ohms. The control is variable from 0 volts to 
approximately — 150 volts in the counterclockwise direction. The procedure 
for adjusting the control grid volts is the same as that outlined above for 
screen volts, except that the TUBE ELEMENT SELECTOR switch is set 
to G-l VOLTS. 

Grid 2 Volts 
This is another source of negative voltage identical to the GRID 1 VOLTS 

control. 

Short Test 
This switch when ON applies a DC voltage to the + and — hubs on the 

control panel. With these two hubs shorted and the switch ON, the neon 
lamp will glow. Testing with these two hubs will detect a short of two megohms 
or less. If the two hubs marked M are jumpered, only shorts of 300,000 ohms 
or less will be indicated. With the two hubs marked L jumpered, only shorts 
of 10,000 ohms or less will be detected. 

The tube should be tested for shorts between each element and every other 
element, with all except the two heater (H) wires removed. When testing for 
shorts between the cathode and other elements, be sure that the + lead from 
the SHORT hubs is wired to the cathode so that normal tube current does 
not flow and show up as a short. For example, on a 25L6 tube the + lead 
would be inserted in the number 8 hub of the 8 row and the — lead successively 
into H, 5, 4, and 3 (pins 1 and 6 are unused). Then with the + lead in the num
ber 5 hub, test 4, 3 and H hubs with the — lead. With the + lead in number 4, 
test 3 and H with the — lead. Finally check between the 3 and H hubs. If at 
any time the neon lamp glows, a short is present and the tube should be re
jected. (The tube should be tapped lightly with a pencil during SHORT-
TEST to show up shorts due to lint or other foreign material.) If desired, the 
M or L short test hubs may be jumpered to determine the approximate re
sistance of the short as explained above. 

Long clip leads are provided with the tester in case the machine filament 
supply is used in testing tubes. If the machine filament (or heater) voltage 
differs considerably from the rated voltage, better results in tube testing may 
result in using the machine supply on tubes under test. The leads should be 
clipped to the filament connection pins of the socket from which the tube 
was taken. The other ends of the leads should be wired into the proper hubs 
of the tube element pin section of the control panel (pins 2 and 7 of the 8 row 
for the 25L6 tube). Do not, under any circumstances, connect these wires to 
the two heater (H) hubs in the EXIT section of the control panel, because 
these hubs are connected directly to the secondary of the filament transformer. 

For standard tube types on which no instructions have been issued, the 
RCA Receiving Tube Manual will supply sufficient information. With 
knowledge of plate load resistance and the plate supply voltage, the plate 
current can be determined from the plate characteristic curves (Figure 6) in 
the following manner: 
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Plate Volts 

Figure 6. Plate Characteristic Curves 

1. Point A, the maximum plate current possible with a given supply and 
E Plate supply volts 

load is I = — = — ,— : 
R Plate load resistance 

2. Point B is the plate voltage at zero plate current, i.e. the plate supply 
voltage. 

3. Connect points A and B to get the plate load line. 

4. Plate current values for any grid bias values are fixed by the intersection 
of the load line and the particular grid bias curve. In this case point O 
is the intersection of the load line with the zero bias curve and represents 
the plate current through the tube under the given conditions. 

5. With 150 volts on the plate, the grid voltage required to cut off plate 
current would be that grid bias curve which intersects point B at zero 
plate current. 
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T U B E  T E S T E R  P A R T S  L I S T  

PART NAME NUMBER 

3-amp. line fuse 454164 
Selenium rectifier element, GE. 6RS5GH1 454165 
Toggle switch (short test) 118463 
Plugboard contact 166024 
Tube socket (octal) 170589 
Toggle switch (meter in-out) 171188 
3^2-amp. meter fuse 171703 
Fuse mounting posts 171704 
Tube socket (7-pin) 198704 
Test leads: Red 206046 

Black 206047 
50,000 ohm potentiometer (screen, G-l, G-2 volts) 213566 
Meter 454108 
Tube socket (9-pin) 454129 
NE-51 neon bulb (short test) 454130 
20,000 ohm wire-wound potentiometer (screen load) 454157 
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General Section 

PREVENTIVE MAINTENANCE consists of three phases: cleaning, lubri
cating and inspecting. All members of the Customer Engineering Department 
should understand and adhere to the principle that intelligent and effective 
preventive maintenance is the foundation of quality customer engineering 
operations. Proper use of preventive maintenance will reduce peak load break
downs and keep the machines in such condition that will permit the customer 
engineer to schedule his work and time efficiently. 

Machine usage and conditions in the customer's office where the machine is 
located will determine the frequency with which this is necessary. Inspections 
should be made often enough to insure good operation of the machines, but 
unnecessary inspection of the machines is uneconomical and should be avoided. 
In some cases cleaning and lubricating is needed more frequently than in
specting. The customer engineer, knowing the general condition of his machines 
and the amount of use they receive, can best determine when each of the 
phases, cleaning, lubricating or inspecting, is required. 

A preventive maintenance procedure is given for each machine. Since some 
units are subject to more wear than others, the customer engineer should 
follow the procedure for only those units which he feels necessary to cover at 
any given time. Rigid adherence to the procedures given here is not mandatory 
but rather they should serve as a guide. As each customer engineer gains 
experience, he will become more efficient in applying preventive maintenance 
procedures. 

The instructions for preventive maintenance consist of two types of sections, 
a general section and a section designed for each specific machine. The general 
section should be placed in the front of the Customer Engineer's Reference 
Manual, and the specific sections should be placed with the adjustment section 
for each machine. In both sections the headings may be used as a general 
outline to follow, while the information under the headings will suggest means 
of accomplishment. 

Call reports should carry code 08 for all preventive maintenance, except 
for repairs made as a result of the inspection. A separate call report coded 02 
should be made on these repairs. Time involved in improving the external 
appearance of the machine should also be coded 08 but time involved in re
moving covers for refinishing should be entered under the appropriate code. 

Under ordinary conditions the entire machine need not be inspected at one 
time. If only one unit of a machine is inspected at a time, the customer engineer 
will be in a position to return the machine to the customer quickly in the event 
of an emergency call. A chart should be kept showing when various units have 
been inspected. This will enable the customer engineer to make sure that all 
units receive periodic inspections. 

No unit should be dismantled unless the customer engineer is reasonably 
sure that there are worn parts or that proper cleaning or lubricating can be 
accomplished only if the unit is dismantled. When making a repair on any 
unit, it is well to inspect the entire unit if the time is available. 

Inspected machines or units should always be tested with test cards before 
being turned over to the customer. Shortening the duration of the CB's when 
testing a machine will bring to light potential intermittent troubles caused by 
insufficient margin of safety with the regular CB timing. This should be accom
plished by advancing the break time rather than by retarding the make time. 

Machines should be cleaned of dust and dirt frequently with particular 
attention to the feeds. Do not leave dust or dirt in the card lever or hopper 
contact. In brushing dust from the machine, care should be taken to deposit 
it into a waste basket or some other receptacle. 

2 
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M A C H I N E  A P P E A R A N C E  
EVERY CUSTOMER ENGINEER is charged with the responsibility of 
maintaining the machines in his territory in good mechanical condition and 
in FIRST-CLASS CONDITION WITH RESPECT TO APPEARANCE. The appear
ance of all machines should be checked frequently. If plated parts have become 
discolored or chipped, they should be replaced with newly plated parts. Ma
chines should be checked to determine that painted surfaces are not chipped or 
scratched and that the porous surface of the paint has not become filled with 
dust, dirt or oil. Painted surfaces which have become filled with dust or oil may 
be renewed by the application of Isbell's Polish, Part No. 450419. This polish is 
a milky white liquid which is easily applied. Saturate a cloth with the liquid 
(just as you would when applying liquid wax) and rub it on the painted surface. 
It may be necessary to rub extremely dirty spots more vigorously. The surface 
should then be polished with a dry cloth. The frequency with which the 
Isbell's Polish need be applied will vary with the conditions in the customer's 
office. This will be best determined by each customer engineer consistent with 
the high level of appearance required by IBM. 

When covers warrant refinishing, report to your field supervisor or manager 
of customer engineering so that proper steps may be taken in accordance with 
the present policy concerning refinishing covers. 

The machines must be kept clean at all times. Upon the completion of a 
service call or inspection the machine must be checked, and any dirt or oil 
appearing on the machine covers must be removed. Isbell's Polish does a good 
job of drying an oily surface. Furthermore, a machine inspection shall include 
a thorough inspection of the machine to determine if any plated parts should 
be replaced or any covers need refinishing. 

All covers should be properly attached to the machine with a full comple
ment of cover screws or the appropriate fastening devices. All cover latches 
on the new type covers should be maintained in proper adjustment. 

S A F E T Y  
THERE IS but one approved way to work—THE SAFE WAY. The customer 
engineer shall at all times adhere to working methods and habits that are safe, 
not only for himself, but for others working with him or near him. Safety 
glasses must be worn when engaging in any activity which might conceivably 
result in an eye injury. 

The customer engineer shall observe special precautions with respect to 
grounded machines. When machines are serviced or inspected, the power cord 
should be removed from the power receptacle whenever possible to prevent 
accidents. If it is necessary to have power on and the work is being done on 
machines that are on grounded circuits, the disconnect screw is to be removed 
for convenience and safety. However, it must be remembered that with the 
disconnect screw removed from ONE machine in an installation, a difference 
of potential may exist between that machine and all others in the group. 
Caution should be further exercised with the test light leads to prevent them 
from contacting a grounded machine when checking circuits of an ungrounded 
machine or when using a test light for any other purpose. When repairs are 
completed, the CUSTOMER ENGINEER IS RESPONSIBLE FOR RE
PLACING THE GROUND DISCONNECT SCREW, FOR IF IT IS NOT 
REPLACED, THE ENTIRE PROGRAM OF GROUNDING IS 
DEFEATED, AND AN INCREASED HAZARD RESULTS. 

When servicing machines which are coupled with Summary Punches, it 
should be remembered that with the ground disconnect screw removed from 
either machine, the ground to the other machine will still be effective and, 
therefore, both machines will still be connected to ground as long as the cable 
between the machines is still intact. 
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On machines equipped with a 110-volt machine circuits such as the Collator, 
Type 89; Tube Collator, Type 77; Electric Accounting Machine, Type 285; 
etc., it is imperative to note that in order to prevent grounding the machine 
circuit, control panel wires must not be left hanging from the control panel. 
This procedure should be followed on all machines, and all operators should 
be instructed accordingly. 

B A S E S  
SENTINEL SWITCHES on all machines should occasionally be checked 

for loose wires and for wear on the contact points. A small amount of IBM 
#17 applied to the points will measurably increase the life of the switch. 

STACKER POCKET tubes should be cleaned with a cloth saturated with 
cleaning fluid; they should not be oiled. 

CONTROL PANEL contacts may be cleaned with a stiff wire brush. 
All spring connections should be checked for position and tension, using the 
gauge at least once every 2 years. 

A LUBRICANT when applied in small amounts at the proper place will pro
duce better results than an excess of the lubricant applied indiscriminately. 
Too much oil attracts dust and dirt, causing sluggish action and increased 
wear. The use of a pipe cleaner saturated with oil and applied to the spot 
desired is an efficient means of lubricating parts in confined areas that require 
only a light film of oil. Greases should never be heated to facilitate their appli
cation to our equipment. Heating may destroy the physical characteristics of 
the grease, and the danger from fire is enhanced. 

MOTORS AND GENERATORS on all machines should be checked and 
lubricated at regular intervals. When lubricating, care should be taken not 
to get too much oil on bearings as it will saturate the windings and commu
tator. Brushes and commutators should be checked for wear, dirt and oil. 
Belt tension should be checked because too much tension will cause excessive 
wear on the rotor bearings and too little tension will cause slippage. 

The link belt used on the Type 77 and the Type 552 machines must be 
tighter than the conventional "V" belt. As the link belt has a smaller area of 
contact with the pulley and a greater tendency to stretch, the tighter adjust
ment is necessary to prevent slippage. It is also necessary to avoid excessive 
tension of the link belts in order to minimize wear of the motor and pulley 
bearings. Therefore, when tightening a loose link belt, one link should be 
removed at a time until a half-inch movement of either side of the belt at 
the base of the machine results in a barely perceptible movement of the motor 
assembly. Sufficient links should be used when installing a new belt to permit 
the same adjustment procedure. The link belt should be placed on the Type 77 
and the Type 552 machines so that the small ends of the links lead. This favors 
the small motor pulley and, on the Collator, decreases the possibility of inter
ference between the front side of the link belt and the lower CR cam shaft, 
as the motor pulley will tend to push the links together. This will also decrease 
the possibility of interference between the belt and the slot in the Type 552 base. 

TOGGLE SWITCHES on machines less than two years old or new switches 
installed on machines in the field should be lubricated to prolong their life. 
The possiblity of flushing foreign matter onto the blades in older switches 
makes it inadvisable to lubricate them. The use of IBM lubricant #6 is advised 
and only a small amount should be applied at the base of the toggle handle. 
Application once every three months should be sufficient. 

COVER REMOVAL: It is suggested that only the covers over the unit 
being inspected be removed during inspection; then the machine can be covered 
quickly in case the customer engineer finds it necessary to leave that machine. 

H O R I Z O N T A L  F E E D S  
THE FEED gets as much or more use than any other part of a machine 
and for that reason requires more attention in cleaning, inspection 
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and lubrication. Particular care should be taken with preventive 
maintenance on the feed since the satisfactory operation of all of the 
rest of the machine depends upon how accurately the card is fed. 
MANY INTERMITTENT TROUBLES HAVE BEEN TRACED TO 
SLIGHT IRREGULARITIES IN THE FEED. 

1. CLEANING: All dust and dirt should be brushed out of the hoppers. 
Clean all dirt from around the roller throat and see that the roller turns freely. 
The feed knife slide assembly and slide guides should be removed to clean 
properly. On machines, such as the 77 and the 513, only one assembly should 
be removed at a time so that the remaining one can act as a guide to retime 
properly the one being cleaned. Also on these feeds be sure all dirt is removed 
from the gear teeth on the bottom of the feed knife slide and its rocker oper
ating arm. Adjustment of the feed knife should be checked before replacing 
the feed knife slide assembly. Remove the hopper posts and clean all dirt from 
them, taking care not to lose any shims that may be used with them. Clean 
all dirt from feed roll surfaces and from the teeth of the feed roll drive gears 
as this will make the feed rolls bounce and result in crooked feedings. An easy 
way of cleaning dirt from the surface of the feed rolls is to hold the end of a 
card that has been dipped in IBM #6 lubricating oil and allow it to drag 
between two rolls while they are turning. This wiping action will take most 
of the dirt off the roll. When using this method on feed rolls just in front ot 
brushes, be sure to remove brushes first, or do not let card move far enough 
in to damage the brushes. Be sure to brush all dust from the feed roll support-
ing brackets. 

2. FEED KNIFE ADJUSTMENTS: If the feed knife holder is worn, it 
should be stoned to a flat surface before setting the knife. This may be done 
with an oil stone, or for faster cutting, a piece of Trimite Paper on a flat 
surface. The knife should be replaced if it is badly worn. However, if it is only 
slightly worn it may be stoned along with the block. Set the edge of the knife 
only about .001" or less above the block, and stone the two until there is no 
indication of where the block leaves off and the knife begins. Then proceed to 
set the knife to the proper adjustment. Always use a Go-No-Go gauge to set 
the knife—never a feeler gauge. 

3. FEED KNIFE GUIDE SLIDES: These should have a minimum of 
play and no binds. After setting these, always turn the machine over by hand 
to check for binds before turning on the power. 

4 EVEN FEEDING OF CARDS: This can easily be checked by placing 
a card through the throat, up to, but not in, the first feed rolls. Keeping the 
card from going into the feed rolls, turn the machine by hand until feed knives 
come up against the card when it is placed tight against the feed roll. If the 
knives are set to feed the card properly, they will both touch the edge of the 
card at the same time. If not adjusted correctly, set the machine with the first 
feed knife touching the card and bring the other knife up to the card by means 
of the knife holder adjusting screw. 

5 HOPPER SIDE PLATES: Exact positioning of the plates depends upon 
the machine type, but they should be set so that with about 500 cards in the 
hopper; one card placed upright between the end of the 500 cards and the side 
plate will pull out easily, but two cards will have a drag. 

6 ROLLER THROAT: The throat knife should be checked for wear at 
knife edge—the roller, for flat spots or wear on the pivot point. Either of 
these should be replaced, if worn. The roller throat should be checked for 
proper adjustment. 

7. FEED ROLL TENSION: If any one of the feed rolls is eccentric, it 
will cause a difference in tension of the two ends and result in crooked feeding. 
This can be checked by holding two pieces of card in the feed rolls, one at 
each end of the roll, while the machine is running. If the feed rolls are true, 
the drag on both pieces of card will be the same. 
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8. TIMING OF FEED KNIVES: This varies with machine type and is 
covered under each machine. 

9. HOPPER POSTS: These should be set so that the feed knife will come 
back .020 "-.040" beyond the edge of the card. 

B R U S H  A S S E M B L I E S  
1. CLEANING: Clean all dust and dirt from entire brush assembly, paying 

particular attention to dirt between brush separators. Use the emery polishing 
stick, part number 450503 for cleaning all contact rolls. 

2. BRUSH SEPARATORS for breaks; also look for burned or carbonized 
brush separators due to grounds or shorts. 

3. BRUSHES for wear, bent or crossed strands, and tightness of individual 
brush clamps. 

4. 34s" PROJECTION on all but 77 and 552; the brushes should project 
about J4j" above separators. To prevent wear of contact roll, stone edge of 
any new common brush before installing. 

5. BRUSH ALIGNMENT TO SCRIBED LINE: Heel of brushes should 
be set on scribed line on brush separators to align brushes to center of contact 
roll. 

6. BRUSHES EVENLY SPACED BETWEEN SEPARATORS: Use 
the brush bending tool for this. When installing a new set of brushes this 
spacing may be facilitated before installing the brush holder in the assembly 
by the following method: After tightening all of the individual brush clamps, 
place a card punched with one number in all 80 columns on top of the brush 
holder block and brush ferrules so that by looking through the holes in the 
card you can see the part of the brush ferrules that extend beyond the block. 
Align the card so that the ferrule on brush #1 is in the center of the hole in 
column #1 and fasten in this position with Scotch tape. The other 79 brush 
ferrules can then easily be aligned to their corresponding holes with the use 
of the brush bending tool. 

7. BRUSH TRACKING: The hoppers must have been previously set cor
rectly before making this check. 

The following is a recommended procedure for accuracy and convenience: 
(a) Punch a card in registration, preferably X and 8 alternately, or as a 
"Q" in alternate columns. 
(b) Fold a piece of lightweight carbon paper, slightly shorter than twice the 
width of a card, over the leading edge of the card, creasing it well. The 
carbon surface must be toward the card, its non-folded edges toward the 
feed knives. The use of lightweight carbon will prevent making throat 
alterations. 
(c) Insert the test card between a group of cards to obtain a more natural 
feeding condition. 
(d) Feed cards through machine under power. When the carbon paper is 
removed from the test card, a perfect tracking of the brush can be seen as 
related to the card in registration. 
8. BRUSH TIMING: Whenever possible, this should be checked with a 

dynamic timer, checking both CB's and brushes at the same time, Pre punch 
a group of cards 1-3-5-7-9 in odd-numbered columns and 2-4-6-8 in even-
numbered columns. Run all cards through under power, checking brushes on 
one dynamic timer circuit and CB's on the other to check overlap of brushes 
and CB's. When using the dynamic timer all 80 brushes should be checked one 
at a time. If no dynamic timer is available, timing of several brushes at each end 
of card should be checked by hand, using a test light and timing on a five hole. 

C I R C U I T  B R E A K E R  C A M S  
ALL CIRCUIT-BREAKER type cams should be checked for air gap and 
timing a month or two after installation of new machine, as these may change 
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D U O  R E L A Y S  
!. Cleaning 

Any relay that has accumulated dirt or oil should be washed with cleaning 
fluid. The core and residual may be cleaned by dipping a card in cleaning fluid 
and passing it between the core and residual while pressing on the armature. 

II. Inspection 
1. ARMATURE PIVOT: Check for freedom of movement of armature. 

All pivot points may be easily reached for lubrication by a pipe cleaner satur
ated with IBM #6 lubricant. Red rust will cause sluggish action. Any points 
found with red rust should be cleaned by removing armature, wiping off pivot 
rod and running the saturated pipe cleaner through the pivot holes in the 
armature. This will leave sufficient oil to lubricate pivot properly. 

2. CORE should be firmly secured to the frame. 
3. CONTACT PILE HOLDING SCREWS may become loose due to 

shrinkage of the linen dilecto separators. 
4. POINTS: Line up points to make full contact. Points should be cleaned 

with a piece of clean card or burnishing tool, never with Trimite paper or 
flexstone. 

III. Lubrication 
Use IBM #6 on the following: 

1. Armature pivot points. 
Use IBM #17 on the following: 

I. Very light film on the surface of the phenolic pad. 

S U M M A R Y  P U N C H  A N D  D I G I T  T Y P E  E M I T T E R S  
1. WORN OR BURNT EMITTER SEGMENTS. 
2. CENTERING OF EMITTER ON SHAFT: This can be checked by 

backing out one of the screws in the brush holder until it just touches the 
inside surface of the emitter. Turn machine over by hand, watching to see that 
the screw just touches all the way around. 

3. BENT OR SHORT BRUSH STRANDS. 
4. TRACKING OF BRUSHES. 
5. TIMING OF BRUSHES: Check this at 0-5-9 time. 
6. LUBRICATION: Very light film of Nujol mineral oil on inside surface. 

3 

B I J U R  L U B R I C A T I N G  S Y S T E M S  
AN ADEQUATE SUPPLY of oil should be maintained at all times. If any 
line has been disconnected at a junction point, be certain that oil is not pre
vented from flowing normally by an airlock. This may be prevented by 
operating the pump by hand (before reconnecting the tube) until oil flows 
out of it. When replacing a flow valve make sure that the arrow stamped on 
the valve is pointing in the direction of oil flow. 

If conditions indicate that all bearings are receiving an insufficient supply 
of oil, inspect for: 

1. Low level of oil in reservoir. 
2. Broken, cracked or flattened tubes, or loose tubing connections. Wipe 

all tubes and connections and operate pump manually while watching for leaks. 
3. Defective lubricator operation. 
(a) Check oil level in lubricator and fill with IBM lubricant #9. 
(b) Disconnect the tubing on the bottom of the pump, raise the piston part 

way and release. Oil should flow rapidly from the pump outlet. If there is 



G E N E R A L  S E C T I O N  
R E F E R E N C E  M A N U A L  —  

little or no flow of oil and the piston remains in an elevated position, the filter 
disc is probably clogged. Remove the filter disc as follows: 

1. Remove two mounting screws from Bijur lubricator. 

2 Drain oil from the lubricator. 
3 Raise the piston and block it >/4" more above its loweSt Posltlon' 

ou, to pwon ,« p.,« «d to 

-•" -
before reassembly. . „ . ^ , 

If there is an indication that only one bearing is receiving insufficient supply 

of oil, proceed as follows: . , 
1 Inspect the tail tube for that bearing to determine that the nut is tightened 

bearing, and that the tube is not flattened or broken. 
7 R»ove to ,.il toe to „«d ppetoe to tab,,..,o, ..o 

or three strokes; a drop of oil should appear at the end of the tub 

thHieter-unit If oil does not flow from the junction or junction bar :inspect 
the ffied tubes for breaks or leaks. If none is found, inspect the locator. 
After manually operating the pump for test purposes, wipe exces 
all line outlets. 
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MODEL 20 KEY PUNCH AND MANUAL VERIFIER 
DESCRIPTION 

This type of key punch is strictly mechanical and the punching of the card 
.Is a manual operation. This means that the operator has to exert pressure on 
[the key to drive a punch through the card. 

The information on an original record is transcribed to the tabulating card 
by means of the Key Punch. This machine has twelve punching keys, one for 
each punching position of a column. Ten are numbered from 0 to 9; the eleventh 
is marked "X" and punches directly above the O; it is used to record a detail 
and at times it is arranged to skip a field in which no information is to be 
punched. The twelfth has no distinguishing mark and punches in the position 
directly above the X. A key is also provided which, when depressed, advances 
the card one column at a time without punching a hole. An additional key, when 
depressed, releases the carriage for its return to the point where the card can 
be removed. The card is placed in the punching machine and is automatically 
advanced one column whenever a key is depressed, except where "X" is used to 
skip a field, in which case it advances to a predetermined point. A carriage stop 
is provided so that it is possible to begin punching at any column on the card. 

ADJUSTMENTS 
Punches—Loosen the twelve fulcrum screw lock nuts (Fig. 1) and screw 

down on each fulcrum screw until the punch is visible below the stripper. Then 
back up each fulcrum screw until the tip of the punch is just level with the 
lower edge of the stripper. Then back each fulcrum screw 1/3 of a turn more 
and lock fast with the fulcrum screw nut, holding the fulcrum screw while 
locking. Care should be taken with this adjustment to make it as even as possi-

•
ble. A white paper or card back of the machine will bring the punches into a 
little clearer view. 

Check to see that the rack does not escape before the punch leaves the card, 
also that the hole is punched before the rack escapes. 

Rock Shaft—For the rock shaft adjustments refer to the standard rock 
shaft adjustments for all punching units. 

Last Column Rack Stop—The last column rack stop is used to insure perfect 
registration of the punched hole in the last column (4 6th or 80th). The rack 
stop consists of a stud in a frame which is located in the center of the rack 
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guide assembly, and its movement is controlled by loosening its set screw and 
moving the eccentric stud either backward or forward until the perfect registra
tion of the last column hole has been obtained by checking the hole on the regis
tration gauge. 

Adjusting Alignment or Registration of Punched Holes—To correct misalign
ment due to wear is very simple, an understanding of the functions of the differ
ent length dogs and escapements is all that is necessary. There are five dogs— 
10, 5, 6, 7, and 8. The dog marked "10" is the shortest. The one marked "5" 
is .005" longer. The next marked "6" is .005" longer. The one marked "7" is 
.005" longer and No. "8" is the longest being .020" longer than "10". These dogs 
control the alignment or registration of the punched holes. 

When the machine is shipped from the factory the No. 5 dog is the regular 
equipment. As the machine wears it tends to allow the rack to move to the 
left. That is in the direction in which the rack moves when the machine is being 
operated. This throws the holes punched in the card to the right of their correct 
location. To overcome this put in a longer dog. The more wear or misalign
ment the longer the dog. 

There are four escapements. No. 1 is the shortest and No. 4 the longest, 
being .005" longer than No. 1. The escapement should be of a length that will 
enter the rack freely when operating the keys. It should not strike on the top 
of the teeth in the rack or push the rack backward. A slight jump outward, 
about .003", that is to the left can be allowed as this will gradually disappear 
and the machine improve with use. It is usually necessary to slightly readjust 
the rock shaft adjusting screws after putting a different length of dog and 
escapement. When the wear is so great that the longest dog will not correct 
the adjustment the hole in the rock shaft bearing bracket will be found badly 
worn. By putting in a new bracket and using the proper dog the machine can 
be brought back to alignment or correct registration. 

CLEANING AND OILING 
It is Important that the card bed be kept free from rust, dust and dirt. Dur

ing the summer months or damp weather this surface should be wiped daily with 
an oily cloth. At other times, semi-monthly would suffice. The rack roller 
should be oiled semi-monthly. Keep the rack guide free from dirt, card punch-
ings, etc., cleaning with carbon-tetrachloride if necessary. The punches must 
be oiled semi-monthly as follows: Insett a card in the machine and spread 
some oil from side to side across the surface of the same, push the carriage for
ward so the oiled portion is under the punches, then operate all the punches 
thru the oiled portion of the card. Use only the light non-gumming oil on this 
machine and remember that too much oil Is as objectionable as too little. 
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EJECTOR MECHANISM 
As the card rack moves into the last column punching position, the card is 

between the card gripper jaws which are held open when latched by the card 
gripper opener stud right. At this time the card retainer, left, operates against 
its release pin and the card is held in position by the positive card stop 

When the stacker magnet is energized, the card gripper latch' releases the 
card grippers, which close, holding the card by action of a spring, also moving 
the stacker fingers to the right to clear the card while it is being ejected 

When the latch releases the card grippers, the stacker spring operates against 
a rack and through a train of gears, moving the card gripper assembly in an arc 
to the left until the card gripper opener stud left operates against a cam, opening 
the card gripper and releasing the card, which is guided into the card box by the 
return of the stacker fingers to their normal position. 

As the stacker rack reaches the limit of its travel to the right, it operates a 
bell crank, closing the auto start ejector contact, which energizes the trip magnet 
automatically starting a new card feed cycle. 

As the card rack moves from the last column during the feed cycle the 
stacker magnet circuit is opened allowing the card gripper latch and stacker fin
gers to return to their respective normal positions. The card feed rack near the 
end of the feeding stroke operates the stacker rack and the train of gears, return
ing the card gripper assembly to its normal latched position. 

ADJUSTMENTS 

A. Adjust Latch shaft adjusting screws so that the lower gripper jaw is level 
with the card bed when in latched position. 

B. Adjust card gripper jaw opener stud right for clearance of .015" to 020" 
when latched. 

C. Adjust card gripper opener stud left to open the gripper jaws .010" to 
.015" at center of stacker fingers. 

D. Adjust spring stud so that stacker fingers will not strike stacker box 
with the stacker fingers in their normal position. 

E. Adjust stop nuts so the card gripper jaws do not travel past the center of 
stacker fingers. 

P. Adjust the stacker magnet assembly so the armature is square with the 
magnet cores and at right angles with the base. 

G. Adjust latch tripper link with the stacker magnet armature in its at
tracted position so that the card gripper latch will clear the gripper jaw latching 
point at least 1/32". At the same time check to see that the stacker fingers clear 
the ejected card approximately Ya " and do not touch the left end of the base. 

H. Adjust the stacker armature backstop screw so there will be a clearance 
of .020" to .030" between the latch tripper link and the card gripper latch when the 
card grippers are latched and the armature is in its normal position. 

I. The lower strap of the auto start contact should be depressed 1/32" off 
brass support when the gripper jaws are resting on the stop nuts of the card 
gripper jaws opener stud left. 

J. Adjust the stacker plunger stud so the card gripper jaws latch and the 
dog drops into number ONE tooth just before the kickover pawl operates to dis
engage drive pawl from motor drive ratchet. 

K. Adjust Dashpot barrel so the shaft is perfectly free when the gripper 
Jaws are in their extreme left or right hand position. 

L. Adjust dashpot shaft for .015" to .020" end shake in bracket. 
M. Adjust needle valve in right end of Dashpot so the Ejector jaws do not 

rebound and the cards are placed evenly in the stacker box. 
N. Adjust card retainer release pin so the card retainer will operate and 

release between 4 4th or 79th and the 45th or 80th columns. 
O. Adjust Positive card stop to hold the card in perfect alignment for the 

last column registration. 
P. Adjust operating spring for full tension. 
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Tl.0 Motor Drive Unii M0T0K DRIVE UN'T sr™ra*r r«;r3»>,. rsi:::r"^ ™-s 
Hr ™-

O engage with its ratchet n,entlre assembly ailowW tu pawI Pin on the 

Pfe- i the m°tor rotates tho Punch magnet, brush mmmmms r=Si 
si 

" 'he card 

Timing of Motor n h . ADJUS™ENTS 

i^staS wfi^ Provld«> °n the 

tzz'/pz.,r- ' r"k *nl le" 

:3»sŝ  sscrr - -
approximately 3/32" air gap^etVet f 'tS '"PPort ?0 insured */ '°wer -trap 

)Yith armature against its h . UPPer Polt»ts. contact and 

^r™°^^'h®eu»Pertstrap1' °0ntact unlatched it 
WDri°vIng P^/ ŝ  fi 6 e°°d C°ntaCt an<J approx''nateIjf V&TtZlS 

b?P bracket with the 
rack is at the limit of its trave, g^Pawl and S'°P bZ~Lf VI6" to 1/32-

Contact Latch Trip Eg?1*? th„e left. P brack<* when the card feed 
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1/16" before driving pawl and kickover pawl operate against the stop bracket 

of the stop bracket. anrt Tower "D" Fig. 3)—The lower strap 
Latch Contact Assembly (Upper and Low attracted, and should have 

is latched closed when the trip when latched When normally unlatched 
sufficient tension to insure good contact^ when ^tched^ ^ ̂  ̂  gap 

and the upper points are olosed- 1_e . . when lower points are latched 
The upper contact should have 3/33 air gap wnen ;,osed 

closed and have sufficient tension to insure good contact when closed. 
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P R E V E N T I V E  M A I N T E N A N C E  
Type 016 Motor Drive Duplicating Punch and 

Type 031 Alphabetical Duplicating Punch 

P U N C H  U N I T  
THE MOTOR DRIVE UNIT should be removed to clean properly. Inspect 
and oil the punch unit. The punch can still be operated under power if a paper 
clip is bent so that it can be inserted into, and short together, knife switches 
3 and 4. 

I. Cleaning 
As in the case of all other units, the punch should be thoroughly cleaned 

before oiling or adjusting. Carefully clean out all dirt, oil, etc., around the key 
stems to insure freedom of operation. Do not soak the keys with oil to over
come sluggish action. If the keys have become very sluggish, remove the key 
unit, completely disassemble, and wipe all parts with an oil-soaked cloth. 

The rack should be thoroughly cleaned with a stiff brush and cleaning fluid. 

II. Inspection 
1. Linkage from Motor Plate to Punch Magnet Armature for wear at pivot points. 

Any parts showing excessive wear should be replaced. 

2. Armature Pivot Shaft for wear and tightness. 

3. Bell Crank Pivot Screw for tightness. 
4. PM Contact for pitted points and adjustment. Replace individual straps 

if necessary. 
5. "Slipping By". By this is meant the failure of the contact hook to engage 

the punch magnet contact on the second of two successive and rapid key 
depressions. If this condition occurs, it very probably indicates that the 
lower support of the contact must be bent upward slightly. 

6. Motor Plate Linkage Adjustments 
(a) HEAVY DRAG ON TWO CARDS between PM armatures and 

cores with power on magnets. 
(b) PM ARMATURE BACKSTOP for .010 "-.015" clearance between 

punch jacket and motor plate. 
(c) BELL CRANK ECCENTRIC SCREWS for proper travel of punch 

into die. . , 
(d) CIRCUIT BREAKER ARM for breaking PM contact just before 

armature reaches the limit of its travel. 

7. Punch Travel. The following procedure may be used to check that the 
proper punch travel has been obtained: 

With four cards between the punch magnet armature and cores and 
power on the machine, the punches should cut through a card in the 

P With six cards between the armature and cores, the punches should 
not cut completely through a card and the punchings should be left 
sticking in the holes. If it is necessary to change the punch travel at this 
time, it should be done with the lower eccentric screw. 

8 Die for wear by punching several holes with each punch. Ragged holes 
indicate wear and the corresponding punch should be replaced. Use over-
size punches if necessary. 

9 Dog and Escapement for wear and adjustment. The rise of the dog may 
easily be checked by shorting the PM contact with a screwdriver through 
the hole in the base. 

10. Rack for wink and wear. 

11. Skiplifter for wear. This will show up by a notch worn where it rides on 
the skip bar. 

2 
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12. Governor. Remove and wash thoroughly with cleaning fluid. Lubricate the 
pivot point with a small amount of IBM 6. 

13. Punching Registration 

14 Auxiliary Keyboards. Check all the keys for ease of operation It is essential 
' to have the keys free of binds so that they may always be depressed their 

full travel to insure that their respective contacts will be fully made. This 
is particularly essential when a key operates a contact with double points. 

There should not be too much tension on the contact straps that operate 
against the contact bell cranks in order that all the keys may be operated 
fully with as little finger pressure as possible. 

III. Lubrication 
Do not lubricate the key unit other than to wipe parts with oiled clot 

after cleaning. 

IBM 6 
(1) 4 rack rollers. 
(2) Rock shaft spindle bearings. ...... am„„nt 
(3) Dog and escapement pivots. It is permissible to put a small amount 

of IBM 6 on the rack if the short type dog is used. Never oil rack 
the long style dog is used. 

(4) Card lever frame and hook pivots. 
(5) Punches. These should be lubricated by punching through a card 

soaked with IBM 6. There is also a felt wick above the die that should 

(6) Inter poser TockT -There are two holes provided in the key units to 
facilitate lubrication of the interposer interlocks^ These two holes are 
located in the top plate over the interlocks and in line between the 
two right key plunger plate screws. 

(7) Governor pivot points. 

IBM 9 
(1) Motor plate pivots. 
(2) Punch magnet armature pivots. 
(3) Toggle link spring wick. 

IBM 17 
(1) Toggle link pivots. 

F E E D  U N I T  

I. Cleaning 
Clean all old dirt and grease from the unit. The governor should be removed 

and washed with cleaning fluid. The drive motor should be cleaned of all 
carbon. 

II. Inspection 
1. With drive unit off machine. 

(a) LATCH CONTACT for wear and adjustment. Replace any badly 
pitted points. 

(b) DRIVE MOTOR BRUSHES for wear. 
(c) GEAR HOUSING for wear and lubrication. 

2. With drive unit on machine. 
(a) THROAT for wear and adjustment. 
(b) FEED KNIFE for wear and adjustment. 

III. Lubrication 

IBM 6 
(1) Motor bearing—only a slight amount. 
(2) Governor—only a slight amount. 
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(3) Rack spring gear pivots. 
(4) Small amount on linen dilecto coupling between motor and gear 

housing. 

IBM 9  

(1) Feed rack gear shaft bearings. 
(2) Drive pawl latch and pivot. 

IBM 17 

(1) Drive pawl ratchet. 
(2) Light film on gear teeth. 

IBM 21 

(1) Gear housing. 

S T A C K E R  U N I T  
I. Cleaning 

Clean all dust and dirt from unit. Dash pot should be removed and washed 
with cleaning fluid. 

II. Inspection 

1. Eject Gears for wear and tightness of pivot studs. The ejector stop lever 
must be removed to reach the locking screw for the center stud. To reach 
the locking screw for the lower stud, it is necessary only to raise the base 
to a vertical position. The screw will be found directly under the stud for 
the lower gear. These locking screws should be loosened before turning 
the gear studs and should always be tightened thoroughly when the studs 
are set to prevent the studs from loosening. 

2. Eject Gripper Jaws for looseness on its shaft and for broken ears on the 
upper jaw. Also for proper jaw opening when latched and unlatched. 
While in the unlatched position, check for proper rise of the eject contact. 

Operate the feed rack by hand with the gripper jaws unlatched and see 
that the gripper jaws latch just before the main rack returns to column 1. 

This adjustment should again be checked under power when the motor 
drive unit is replaced. 

3. Card Reversing Device for loose gears and freedom of action. 

III. Lubrication 

IBM 6 

(1) Gripper jaw latch pivot. 
(2) Eject gears. 
(3) Eject jaw pivot shaft. 
(4) Reversing finger shaft bearing. 
(5) Card reversing drive shaft bearings. 

D U P L I C A T I N G  U N I T  
I. Cleaning 

Brush all dust and dirt from unit, paying particular attention to dust on 
and between brush separators. Clean contact roll with Trimite Paper. 

II. Inspection 
1. Floating Cam Contact for pitted points and adjustment. 

2. Duplicating Brushes for wear, damage and projection. 

3. Contact Roll for clearance to brush separator and for centering of brushes 
to roll. One method of determining whether the brushes are on the center 
line of the contact roll is: 

Place a piece of carbon paper cut to the size of a tabulating card in the 
master card bed, carbon side up. 
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Place two blank cards face up in the master card carrier on top of the 
carbon paper. 

Set the card rack at approximately column 40 in the card and close 
the contact roll housing door. Tap the housing lightly with the handle of 
a screwdriver. 

An examination of the card next to the carbon surface will show very 
clearly the imprint of the center line of the contact roll, as well as indicate 
the position of the scribed line on the brush guide by showing a fine line 
where no carbon was deposited, and surrounded by a black smudge 
approximately the size of a punched hole caused by that portion of the 
guide separating the brushes. The amount of carbon deposited on the 
card will show to which side the center of the contact roll is positioned. 

The rear contact roll housing support bracket is adjustable and can 
be set to line up the one side of the contact roll with the scribed line on 
the brush separator. If the front side of the center line of the contact roll 
does not line up with the scribed line on the brush insulator, it will be 
necessary to scribe a new line and readjust the contact roll housing sup
port bracket. 

4. D u p l i c a t i n g  A r m a t u r e  levers for adjustment and freedom of operation. Any 
binds result in slow punching. Lift each lever slightly and see that it drops 
to normal because of its own weight. 

5 .  M a s t e r C a r d  G u i d e s  for proper registration. Be certain the card used for 
checking is in perfect registration. 

III. Lubrication 

IBM 6. 
(1) Duplicating magnet levers at pivot points. 
(2) Brush magnet armature assembly at pivot points. 

T E S T  
COMPLETELY TEST the machine punching and duplicating all columns. 
The machine should duplicate with two cards in the master rack and punch 
through two cards at the same time. 
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C A R D  P U N C H E S  
Type  2 4 ,  26  

THIS reference manual revises and 
condenses Type 24 and 26 adjust
ments previously published. Preven
tive servicing hints are included 
with each machine unit subdivision. 
In combining the pertinent C.E.I's 
with the current material from the 
24-26 C. E. Manual of Instruction, 
new emphasis is established on ser
vicing requirements. 

Safety and Appearance 
Clean machines command the 

most respect from those who use 
them. Card chips should be cleaned 
off reading boards and out of the 
tables. Keep the wiring diagram in
side the left leg where oil cannot 
soil it. 

Broken or chipped plastic guides 
should be either rounded off to a 
1/8" radius or replaced. The es
cape gearing cover should remain 
installed at all times when the 
machine is running. Be sure the 
belt guard is in place. Although the 
belts are covered from the front, 
one who follows dangerous prac
tices can still place his fingers be
tween the belts and pulleys from 
the rear. It is a safe practice to 
turn off the power when tilting the 
base. The escapement adjustment 
procedure using a meter is preferred 
to holding the escape wheel by 
hand, because some friction drives 
may develop exceedingly high tor
que. 

Preventive Maintenance 
Included in preventive main

tenance is all of the work performed 
that will increase the usefulness of 
IBM equipment to our customers. 
Items falling into this category are: 
reduced calls, improved appearance, 
and increased machine life. 

Pressed metal gears are being 
used on machines utilizing the Type 
24 base. These parts, which are 
made from powdered iron with a 
bronze binder or from powdered 
bronze, are impregnated with lubri
cant. They can be identified by 
their dull finish and should not be 
stored in paper containers. With 
few exceptions under normal usage, 
they should not require additional 
lubricant for four years. 

Noisy Machine 
1. If the punch clutch is not 

lubricated according to schedule, it 
generates a metallic noise. 

2. Nipping punch clutches can 
be determined by visual inspection. 
During auto-duplication, if the 
numbers on the punch index can be 
read, the clutch is nipping. A pos
sible cause is excessive torque on 
the friction drive. If the escapement 
armature takes too long to pull 
out, the clutch is not impulsed 
early enough and will latch up. Dry 
punch clutches may produce a shrill 
squeal. 

3. Relay cover rattles can be 
reduced by slightly curving the 
panel out at the center. 

4. The belt guard becomes noisy 
if not properly installed. A loose 
drive belt may slap against the 
guard. Plastic guards cannot be 
formed. File away material above 
the mounting holes to bring the 
bottom out. 

5. Excessive punch penetration 
or punches in need of oil may pro
duce noise. See lubrication sche
dule. 

6. Improper adjustment of the 
stacker bumpers may contribute to 
the noise level being high. 

7. On the Type 26, excessive 
printing pressure is noise producing. 
With the phenolic platen there is 
very little embossing to indicate 
excessive pressure. 

8. Old style friction drives may 
chatter and should be replaced with 
the new style drive with dry gra
phite alloy discs. 

9. Loose program drums or 
loose screws in the forked arm 
should be eliminated. 

10. On the Type 26, insufficient 
clearance (minimum .003") between 
the washer in the end of the punch 
shaft and the eccentric drive link 
will cause the eccentric bearing to 
turn and throw out the suppres
sion adjustment. 

Polarity Trap Selenium Rectifiers 
The rectifiers used have a cur

rent rating of only 5 ma. The meter 
should be used in place of the test 
light because the light draws up
wards of 70 ma. In case the light 
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must be used, short out the recti
fiers first. 

To check rectifier 2 (post 92 to 
98) short across the program con
tact terminals 11 and 0. Upon de
pression of the release key, the 
card should release, but the punch 
clutch magnet should not energize 
until the 80th column. 

B A S E  
P R E V E N T I V E  

M A I N T E N A N C E  

Power Supply 
Drive Motors. Motors of 1/12 HP 
have an external starting relay 
which picks up on 5.1 amperes and 
drops out on 4.35 amperes. The re
lay cover can be removed for in
spection. The motor was oiled at 
the factory for a one year period 
based on normal usage of 40 hours 
per week. Motors of 1/20 HP have 
centrifugal starting switches. 
Dynamotors. DC machines use dyna-
motors to convert DC to AC. The 
dynamotor output should be con
nected to the AC terminals. The 
DC line voltage should not be be
low 105 volts. The rectifier output 
(post 76 to 80) should show a vol
tage rise of about 25% above line 
input voltage. No figure for the 
dynamotor AC output is given; it 
cannot be measured accurately be
cause of its harmonic content. 
Rectifiers. A shorted selenium recti
fier will produce a strong objection
able odor. A large variation in the 
voltages (AC) across the 4 sections 
of the rectifier usually indicates an 
open circuit in one section. Good 
rectifiers may have 20% variation 
in voltage among the legs. 
Pulleys and Belts. Type 24 and 26 
motors operate at the same speed. 
The Type 24 punch cam shaft pul
ley (p/n 227812) has an outside 
diameter of 2-7/32" and rotates at 
1200 rpm. The Type 26 punch pul
ley (p/n 228128) has an outside dia
meter of 2-3/8" and rotates at 
1080 rpm. Both belts and all other 
pulleys are identical for both 
machines. 

Elongated motor mounting holes 
are used to adjust the motor belt 
tension for 1/4" belt deflection 
midwav between pulleys. The ad

justable drive housing pulley is used 
to obtain the same tension on the 
punch drive belt. A tight belt 
throws extra load on the clutch and 
has caused noisy operation and fail
ure of the clutch to latch up. 

Tube Checking 
Select the filament transformer 

tap for 22 to 25 volts across posts 
6 and 9. Higher filament voltage 
shortens tube life. The plate volt
age usually ranges between 130 and 
160 volts. The negative bias supply 
should not be less than 40 volts. 
Exchanging tubes usually detects 
defective ones. Use a voltmeter 
test to locate defective tubes dur
ing inspection. With R3 de-en-
ergized and all tubes biased to cut
off, measure the voltage drop across 
each load. Connect one meter lead 
to post 80. The other lead can be 
touched successively to the P ter
minals on the tube chassis for the 
readings. Up to 5 volts drop is per-
missable. Replace any tubes whose 
leak current causes more than 5 
volts drop across the load. Use only 
glass tubes because they have a 
longer filament life. Use caution 
when removing wires from the tube 
panel to prevent opening the 
moulded common on the chassis. 
Remove or insert wires with a slow 
rotating motion. 

Die and Stripper 
Type 24 Throat Clearance. When 
trouble occurs with cards having a 
tendency to bind in the throat, e.g., 
heavily handled original document 
cards, the clearance can be increased 
to .020" to .026". B/M 270617 pro
vides for the change. 
Cleaning and Oiling. A crayon or pen
cil deposit sometimes forms on the 
underside of the die and can cause 
a drag on the card resulting in 
off-registration punching. These de
posits can be removed with a feeler 
gage. 

A convenient method of lubri
cating the porous bronze punch 
guides is to multiple punch several 
columns of an oiled IBM card. 
Punches. It is desirable to replace all 
punches in the same positions if 
they are removed. Avoid separating 
the die and stripper unnessarily as 
this can cause sticking punches. 
Excessive punch penetration or 
sticking punches can cause off-re
gistration punching. 
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Chip Tubes and Flexible Shafts 
Flexible Shafts. These shafts should 
be kept lightly greased. Avoid sharp 
kinks in the shaft. 
Chip Tube Bearing. The chip agitator 
may bind if it has no end play at 
the rear bearing. If this condition 
exists, grind the face of the coupling 
on the flexible shaft for clearance. 

he agitator shaft shoulder should 
seat on the hub. 
Chip Tubes. Clean all chips away be
fore replacing the chip tube. The 
pressure roll bushing is porous 
shnTn 3nd 0il 'mPregnated. It 
should not require attention. The 
foose fit on its stud is intentional. 
A new assembly contains a hori-
rolffi JUStment for pressure 
tract- f the pressure roll 
track properly and give correct 
punching registration. 

Pressure Rails 

It should not be necessary to put 
thef th,an standard tensions ?on 
incorrect* bmd on the card or 
mav mat PrfSUre r°U a''gnment 
"ut of̂  aH- t 8PPear 1116 raiIs are 
out of adjustment. The rails can-
using a C°rrectly adjusted without using a gram gage. 

Pin Sensing Unit 
Pin Bail Bearings. These bearings are « ns?""«wa, .si 
awsrarsta5 

Tii= mM. !tud 
the rear frame will wear rapidlv 
unless it is kept lubricated. It may 
Hnk°To neC6SSary to ^adjust the 

to compensate for wear 

taect7for b Con'OC'1- InsPect the con-tacts for burning and clean out card 
particles and lint. One broken con 

ur?toreaPda!rWillCaUSeerTaticfail-
Senring Pi„s. Check to make sure the 
pms operate separately. Pins st;cj, 
by magkther CaUS£ reading failurei 
y making it necessary for both 

the' c Cnte,r the hole Clean out the accumulation of card d„J 
around the card lever. * 

Eject Unit 

""'"""aly-ran. 
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ser. Improper pressure roll arm ten
sion will cause failure to register 
master cards. 

Program Unit 

Program Card Life. The program card 
should last for 10,000 or more card 
operations. The star wheels should 
orm a glare on the program card. 

Kough or worn star wheels should 
be replaced. Improper tension on 

card h?eSmg """ Program 

Star Wheel Pivo„. The star h , 

must pivot freely. Check for oxTde 
deposit on the pivots and lor pro
per lubrication. The sensing arm 
lever must be free on its pivot shaft. 
Program Drums. All drums should be 
shaTts TeMblLW°m 8riPPcr cam 
shafts should be replaced. 
Was Contort,. Service time on 
these contacts will be greatly re
duced ,f the positive method for 
^ outlined -eir uUrati°n is fo"owcd as outhned ,n the adjustment sec
tion. Be sure the plastic safety 
covens installed over the terminals 
,6 'C Mouldings. Avoid lubricating 

fng s°urfCacme°fIdingS f°r a *a" mg surface (release bail). Lubrica-
may cause them to freeze up. 

Friction Drive and 
Escapement Gearing 
Graphite Alloy Discs These d" 

SSsS*— 
ieâ shUTe'k̂  fa™ 
The alloy rings are' 05,1 dry" 
the sides of the geare '"to 

chfp's'and^otherfo ̂  ̂ c'a« 
s 

Gear Shaft Collars All tb 
protruding through thfa'Shafts 

bracket must be pulled to thgaanng 

treme forward position W • CX' 
ening their collars Re °re tlght-
s e a l e d  b e a r i n g s  a r e  c a p p e l U n "  
Gearing Bracket. When re™ • 
escape gearing bracket ?.the 

after the DN suffix, it may be " 
cessary to drive i ? be ne~ 
ttroS the base ĉause""̂ , "T 
close tolerance between the * 
and the bracket. pms 
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.008" to .010" 

Figure 1. Card Registration Adjustment 

Escapement Unit 
Check the residual on the left-

hand yoke end for wear. Incorrect 
torque on the friction drive may 
make the escapement armature slow 
to pull out. The escapement wheel 
must be kept free of lubricants. 
If the program drum is out of ad
justment, it may cause the machine 
to space too far on a skip. Incorrect 
tension on the auxiliary armature 
spring may result in double spacing 
while punching. Care should be 
taken not to put sharp bends in 
this spring while forming. 

B A S E  
A D J U S T M E N T S  

Aluminum Base 
Avoid tightening screws exces

sively in aluminum. Steel screws 
will strip aluminum threads easily. 

Card Registration Adjustment 
(Figure 1) 

I. Adjust the pusher pad for 
.008" to .010" clearance from the 
top of the pad to the pusher arm 
in the registering position (against 
its adjusting screw). Maintain 
1/64" clearance from the side of 
the pad to the arm. 

2. Back away the pusher arm 
stud to be sure it does not interfere 
with registration, then adjust the 
registration screw for correct regis
tration. 

3. With the card feed index 
standing at 50°, adjust the pusher 
arm stud for .003" to .008" clear
ance to the pusher arm. 

Card Lever and Switch 
Adjustment (Figure 2) 

1. The maximum load required 
to operate the switch should be 6 
to 9 grams when measured at the 
center of the button. The newer 
style switch (stamped AC) should 

Figure 2. Card Lever Adjustment 
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Lever 

Locking 
Screw 

Stop Lever Can 

Figure 3. Pressure Roll Adjustments 

make and break within a range of 
.030". The older style switch 
(stamped DC) should make and 
break within a range of .070". 

2. Form the ear on the card 
lever to extend the button 3/32" 
above the base. The button must 
not bind on the base, and it must 
be impossible to slip a card under 
the button. 

3. Position the switch to break 
on the upward motion of the button 
with .010" to .030" travel remain
ing. 

Card Lever Pressure 
Finger Adjustment 

1. Adjust the screw for .015" 
to .020" clearance from the bottom 
of the finger to the bed. If the 
bottom edge is not smooth, stone 
it. 

2. Form the finger spring to ob
tain 45 to 55 grams tension to
ward the bed. Measure at the point 
over the card lever button with the 
adjusting screw against its stop. 

Card Pusher Hood Plate 
Adjustment 

The plate holds the second card 
in the detail bed and keeps it from 
interfering with the first card. It 
is formed for .015" to .020" clear
ance to the bed. Check with the 
pusher hood installed. 

Pressure Roll Adjustment 
(Figure 3) 

1. With the stop lever cam arm 
on the high dwell of the card stop 
cam (50° of CF index), adjust the 
eccentric in the arm for an opening 
of .030" to .035" between the die 
pressure roll and the larger feed 
roll. 

2. With the stop lever cam arm 
still on the high dwell, insert a tem
porary 5-40 screw in the eject 
housing (insert A). Turn in on the 
screw until the read pressure roll is 
.030" to .035" off the larger feed 
roll. Loosen the locking screw in 
the release arm and take up the 
vertical play in the release pin. 
Remove the 5-40 screw. 
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2 

Figure 4. Program Sensing Adjustment 

COL. 70 

3. The die pressure roll lever 
shaft is adjustable horizontally for 
registration. If the pressure rails 
are properly adjusted and a card 
walks toward or away from the 
top guide rail, loosen the lock
ing screw and position the shaft 
for correct feeding of the card. 

Program Sensing Adjustment 
1. The common contact plate is 

adjusted to require 45 to 55 grams 
to lift each star wheel off the pro
gram card when measured at the 
star wheel hub. Excessive tension 
on the short arms is relieved by a 
.022" cut from the common con
tact plate at those positions. 

2. Position the contact moulding 
so that the sensing arm levers clear 
the aligner fingers of the program 
drum and the star wheels approach 
a column evenly. 

3. Prepare a program card as in
dicated in Figure 4. Adjust each 
stationary contact for 3/8 turn ad
ditional travel after the contact 
makes while reading a hole. Use a 
meter to determine the make time 
accurately. 

4. Register a blank card face 
down in the punch station. With 
the power off and a meter across 
the 12 position, mark the make and 
break time on the blank card pro
gressively for each position as shown 
in Figure 4A. The duration marks 
should appear .070" to .085" apart 
(approximately 5/64"), with no 
overlap between positions. As much 
as 5/8 turn rise may be necessary 
for proper adjustment, but this 
amount should not be attempted 
without measuring the duration. 

5. With the meter across the 12 
position, adjust the forked arm (be
hind the back space ratchet) until 
the 12 contact breaks when the es
capement armature overlaps 1/3 
tooth. The multiple punches in 
column 40 and 70 are used to check 
the drum for eccentricity which 
should not vary more than .003". 
Gage by the relationship of the 
star wheel to the hole while stand
ing in columns 1, 39, and 69. 

Program Drum Interlock Arm 
Adjustment 

1. This applies to machines hav
ing a split hub on the interlock arm. 
With the star wheels raised, rotate 
the arm on the serrated shaft to 
operate the switches with .015" 
travel remaining before the plunger 
bottoms. 

2. Position the arm along the 
serrated shaft for a clearance of 
.015" to .020" to the back end of 
the drum when the star wheels are 
lowered. If the arm is pinned, it 
must be formed to obtain this ad
justment. Avoid bending the release 
bail shaft. 

3. Form the interlock arm to
ward the spindle to obtain a con
dition where the star wheels will 
clear all parts of the drum and 
clamping strip, with the drum parti
ally removed and the interlock arm 
against the program card. 

Program Cam Contacts 
Adjustment 

1. The stationary contact straps 
should have sufficient tension to 
cause them to follow their support 
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Armature Guide Brocket 

Figure 5. Escapement Adjustment 

straps. The operating strap should 
be tensioned toward the N/C side 
with enough pressure to raise the 
stationary strap .020" to .030" off 
its support. 

2. Set the contact levers on the 
high point of the cam (approxi
mately column 84). Position the 
contact bracket for .020" to .030" 
rise of the N/o contact off its sup
port. Form the N/C contact support 
for an air gap of .020" to .025". 

3. Position the contact lever 
bracket laterally to time the num
ber 1 contact. It should drop the 
escapement armature at column 
88-1/6 to 88-1/3 (2/3 tooth before 
column 1). 

Rotate the contact lever bracket 
to obtain a clearance of .010" to 
.020" between lever 2 and the pad 
on the contact strap when the levers 
are off the cam. 

4. The break of contact 1 is 
critical. The above adjustments may 
have to be modified to meet the 
following timings with reference to 
program columns: 

No. 1 make 80-1/3 to 80-2/3, 
break 88-1/6 to 88-1/3. 

No. 2 N/C  break 81-1/2 to 83, 
make 87-1/2 to 88-1/2. 

Back Space Adjustment 
Back spacing should maintain 

good registration over a group of 
20 consecutive columns. 

The actuating arm should be 
straight and free of binds so that 
its spring can return it to normal. 

1. Position the back space rat
chet by means of its three screws 
to cause a card to back space into 
column 1 and not column 88 of 
the program drum. Each back space 
should cause the escape wheel teeth 
to move 1-1/4 teeth past the end 

250 to 275 Gromj 

Figure 6. Escapement Adjustment 

of the armature. 
2. Position the back space 

switch to operate with 1/16" de
pression of the actuating arm. 

Escapement Magnet Unit 
Adjustments 

The adjustments are made with 
the unit removed from the base. 

1. Remove the contact mounting 
bracket and slide the yoke block to 
the right until it seats firmly against 
its bracket (Figure 5). 

2. Remove the vertical play 
from the armature pivot by rotating 
the magnet yoke about its pivot 
pin. The operating end of the arm
ature must be free to move 1/8" 
without binding (Figure 5). 

3. Form the armature guide 
bracket to require 120 to 140 grams 
to seal the armature, with the arma
ture pin removed. A quick check 
can be made with the unit in the 
machine by measuring the 1-1/16" 
dimension as shown in Figure 5. 

4. Form the auxiliary spring 
near its mounting bracket to exert 
250 to 275 grams pressure against 
its stop stud when measured at 
the point shown in Figure 6. An 
approximate adjustment can be ob
tained by removing the stop stud 

fo move off 
Support 

Figure 7. Escapement Adjustment 
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and armature pin, and forming the 
spring to pass across the lower third 
of the stop stud hole. The spring 
should be kept as straight as pos
sible, and both fingers of the spring 
should leave the stud simultan
eously. Loss of the spring tension 
is a common cause of erratic spac
ing. 

5. Form the stiffener spring, 
without kinking, for 17 to 25 grams 
tension to move the stationary con
tact off its support (Figure 7). 

6. Form the operating strap to 
require 15 to 20 grams to bring 
the strap into the horizontal posi
tion (Figure 7). After this step, 
attach the operating pin and arma
ture stop. Attach the contact as
sembly to the main magnet brac
ket. If necessary, position the 
auxiliary armature spring and es
cape contact assembly to free the 
pin at all three points of contact. 

7. With a .015" gage between 
the armature and the yoke, posi
tion the contact mounting bracket 
to remove the vertical clearance of 
the operating pin shoulders at the 
armature and at the auxiliary 
spring. The pin must still be free 
of binds. 

8. Form the stationary support 
to close the escapement contact with 
an .008" gage between the arma
ture and the yoke. Make this ad
justment accurately by using a 
meter. When inserting the feeler 
gage, do not rest the gage against 
the armature spring loop. This 
would give a false adjustment. 

9. Position the escape magnet 
assembly to allow the escapement 
wheel to rotate under power, with 
an .008" gage between the armature 
and yoke and the magnet energized. 
With a .010" gage the wheel should 
stop. In correct adjustment the 
armature may nip teeth but con
tinue to rotate with an .008" gage, 
and with a .010" gage it may slip 
a few teeth before stopping. 

Pressure Rails Adjustment 
If the gram gage is held as 

shown in Figure 8, the eyes are 
free to watch the rail leave the 
card. 

1. Tension the two pressure rails 
in the punch station to exert 23 
to 27 grams pressure on a regis
tered card. Check the above by 
the tension required to move the 
rail away from the card evenly. The 
blades of the gage must be held 

Figure 8. Pressure Rail 
Adjustment 

squarely against the center of the 
lip on the rail. Adjust by forming 
the spring. 

2. Adjust the two rails in the 
master card station to exert a force 
of 13 to 17 grams against a card in 
the bed. Measure the same as step 
1. Machines having two screws in 
the plastic card bed also have ad
justable rail brackets. 

Stacker Unit Adjustment 
1. With the card feed index 

latched at 0°, time in the stacker 
with the teeth which provide the 
closest measurement to 4-11/16" 
from the upper cut in the stacker 
drum to the front edge of the base 
(Figure 9, step 1). It is advisable 
to measure this distance before re
moval of the unit to prevent chang
ing other adjustments which might 
be affected because of a change in 
timing. 

2. Register a card in the read 
station and space it about half-way 
through. Position the stacker bed 
plate for a clearance of .025" to 
.030" from the bottom of the card 
to the narrow rail on the bed plate 
(Figure 10, step 2). 
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Mesh Gears far Nearest Measurement 

Figure 11. Stacker Adjustment 

'2 Opener Cam 

Figure 9. Stacker Adjustment 

• ® '  
Figure 10. Stacker Adjustment 

3. Adjust the traveling card 
guide bumper to put the vertical 
surface of the traveling card guide 
in line with the top rail and not 
more than .005" above. This posi
tion can be determined by laying a 
straight edge (,0125"-.018" thick
ness gage) along the edge of the top 
card rail and extending it into the 
stacker (Figure 10, step 3). 

4 .  Adjust the lower bumper 
(Figure 15, step 4) to deaden the 
stacker noise. It must permit the 
traveling card guide to drop below 
the outer circumference of the two 
stacker drums. 

5. Adjust the upper bumper to 
deaden noise and still maintain a 
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Figure 12. Reduction Drive Adjustment 

clearance from the bottom edge of 
a card to the card pushers. 

6. The grippers should overlap 
the card being stacked 3/16", and 
the cards should stack evenly with
out being damaged. 

This operation must be checked 
under power with a partially filled 
hopper. An initial setting of the 
cams should cause the gripper finger 
blocks to contact the number 1 cams 
at 73° of the CF index. Adjust the 
number 2 cams to stack the cards 
without marking them (Figure 9, 
step 7). 

The stacker cam mounted on the 
side of the stacker gear is held with 
three screws in elongated holes. A 
pilot hole in the gear and cam helps 
to set up the adjustment by locating 

the middle of the adjustment as a 
starting point. The unit depends up
on card throw to operate properly. 

Reduction Drive Adjustment 

1. With the worm shaft re
moved from the housing, place the 
outer bearing on the shaft against 
the shoulder. Install the collar and 
lock it in place with .008" to .013" 
clearance to the bearing. 

2. Keeping the outer bearing 
against the worm gear shoulder, in
sert the shaft in the housing and 
lock the front bearing in place with 
.003" to .005" end shake for the 
worm shaft (Figure 12). No tim
ing is necessary to install the hous
ing. 
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Pin Sensing Unit Adjustments 
These adjustments are made with 

the unit removed from the base, ex
cept adjustment 6. 

1. The contact pressure on each 
point should be 20 to 30 grams. 
Before installing a new contact 
moulding, the contact straps must 
be pre-formed for this tension as 
shown in Figure 13. A cylinder, 
similar to a Type 31 duplicating 
contact roll, is helpful in forming 
the contacts evenly. 

2. Place the eject unit on the 
pin sensing assembly in its normal 
operating position. Hold together 
with screws if necessary. Adjust the 
throat gap for .012" to .020" clear
ance (Figure 14). Shim the throat 

Figure 14. Pin Sensing Adjustment 
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Figure 15. Friction Drive Adjustment 

plate (bottom of the eject unit) 
to decrease the clearance and to 
take up for wear. If worn by cards 
passing through the unit, check the 
.012" at the closest point and the 
.020" at the widest point. Replace 
throat plates worn beyond these 
dimensions. 

3. Insert a blank card and let 
the pins rest against it. Remove the 
contact cover (some machines do 
not have the cover) and adjust the 
common contact bar for a mini
mum air gap of .020" and a maxi
mum gap of .030" (Figure 14). 

A quick and accurate check of 
the contact adjustment can be made 
with the unit in the machine. 
Loosen the two screws holding the 
eject unit 1/4 turn. Place an .008" 
gage under the front edge of the 
eject unit and tighten the front 
screw to level the unit. All posi
tions should duplicate correctly 
without picking up extraneous 
punching. 

4. Normally it is unnecessary to 
alter the factory setting on the pin 
bail arm eccentric stop. If it be
comes necessary, loosen the locking 
screw and adjust the eccentric to 
stop the pin bail arm when the 
sensing pins are retracted .010" to 
.015" below the surface of the sepa
rators. Tighten the locking screw 
(Figure 28). 

5. Position the card lever to 
clear the pin bail by .005" to .010" 
when the pin bail arm is against 
its stop. 

6. With the punch index at 
345 reinstall the unit in the 

machine. Extend the pin bail link 
to bring the pin bail arm up against 
the eccentric stop. Check to see 
that P5 makes after and breaks 
before the pin contacts. 

Friction Drive Adjustment 
CAUTION: Graphite alloy friction 
rings must not be lubricated. These 
may be identified by the adjustable 
spider spring. The gram gage is 
used to measure the torque as fol
lows: 

1. Remove the screw in the 
gage used to store the unused blade. 

2. Install a 5-40 screw from the 
opposite side of the gage which 
will extend 1/2" on the same side 
as the stud (Figure 15). 

3. With the gage in position as 
in Figure 15, hold the gage firmly 
while operating the space bar. 
When it is determined that the 
torque is not excessive for the gage 
range, increase the pressure on the 
blade until spacing stops. Read the 
gage. Adjust the spider spring for 
a reading 250 to 375 grams, re
sulting in 4 to 6 inch pounds torque. 
Avoid passing column 87 because 
the program cam contact levers will 
drop off the program cam and pre
vent back spacing. 

Eject Unit Adjustments 
1. Loosen the locking setscrew 

and adjust the pressure roll lever 
shaft to align the pressure roll with 
the feed roll and cause proper feed
ing through the read station. 

2. Add or remove shims for a 
throat clearance of .012" to .020". 
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See Pin Sensing Unit Adjustment, 
step 2. 

.004" shim p/n 121397 

.010" shim p/n 49901 
3. For pressure roll opening see 

Pressure Roil Adjustments. 
4. To measure the register arm 

tension, tip the bed to vertical and 
turn the CF index to 30°. Insert a 
strip of card between the rolls. 
Form a paper clip to hook under 
the arm just inside the roller and 
hook the other end in the hole of 
the X10 blade. Form the long end 
of the spring to require 250 to 300 
grams to free the paper. 

5. Repeat adjustment 4 for the 
eject arm but for a tension of 450 
to 500 grams. 

6. The plastic eject card guide 
should clear the stacker plate by 
at least 1/64". It can be raised by 
filing the eject casting slightly, or 
by shimming the right end of the 
guide. Forming the plastic is un
satisfactory because, even if heat 
is used, the plastic returns to nor
mal. 

For replacement eject units refer 
to CEI Memo 1398. 

C A R D  F E E D  
P R E V E N T I V E  

M A I N T E N A N C E  

Feed Clutch Armature Stop. On ma
chines prior to 24-11696 PM and 
26-10011 MM, the card feed arma
ture stop post is of steel and must 
be insulated with cellulose acetate 
tape 700 which serves as a residual. 
This tape is recommended because 
of its durability. Machines built 
after these numbers, have posts of 
brass which are plated and look 
like the steel posts. The steel posts 
usually cause failure to auto-feed. 
Card Feed Pusher Spring Tension. To 
improve feeding, the card feed 
pusher spring tension has been de
creased. It should have 4 to 4-1/2 
turns tension to its spring shaft 
when inserted from the rear instead 
of 5 or 6 turns as previously pre
scribed. 
Last Card Feed Failures. In cases where 
the last card fails to feed out of the 
hopper, it is recommended that 
washer (p/n 22066) be added be
tween the pusher casting and the 
pressure plate to permit the pres

sure plate to be more self-aligning. 
A final check should be made to de
termine the best operating condi
tion by feeding cards both from a 
full hopper and then with a few 
cards. 
Card Feed Clutch Latching. Check to 
be sure that the CF clutch latches 
in a fully detented position and 
that the clutch dog does not nip on 
the ratchet. 

C A R D  F E E D  U N I T  
A D J U S T M E N T S  

Card Stop Cam Timing 
Loosen the setscrews on the in

dex shaft bevel gear. With the CF 
clutch latched, rotate the card stop 
cam to a point where the cam fol
lower is at the approach, but is 
not up on the rise of the cam. 
Lock the setscrews. Check the tim
ing by watching the eject and re
gister arms to be sure they do not 
start downward again at the end 
of the CF cycle. 

The beveled gears are spot 
marked at the factory to enable 
this timing to be regained after re
moval of the feed by simply lining 
up the spot marks. 

Feed Clutch Adjustment 
1. Form the armature spring to 

exert a tension of 100 to 120 grams 
in the direction of A, and 230 to 
250 grams in the direction of B, 
as shown in Figure 16. 

2. Adjust the magnet yoke 
mounting screws (Figure 16) for a 
clearance of .032" to .036" between 

Yoke Adjusting Screws 

Figure 16. Feed Clutch Magnet 
Adjustment 
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Mognal Unit 
Adjusting Screws 

the armature and the yoke at the 
operating end. 

3. The CF magnet unit is posi
tioned to satisfy the following con
ditions (Figure 17): 

a. A clearance of .012" to 
.018" between the CF dog and rat
chet with armature normal and the 
disc fully detented by the latch. 

b. An unlatching clearance of 
.010" to .014" between the arma
ture and the CF dog with the arma
ture attraced. 

Laich Magnet Adjustment 
(Figure 18) 

1. With the contacts properly 
aligned against straight supports, 

Figure 18. Latch Magnet 
Adjustment 

Figure 19. Card Feed Unit 
Adjustment 

turn the armature backstop screw 
up until there is a 1/32" rise from 
the contacts to their supports. 

2. With a .010" gage between 
the armature and the magnet core, 
position the magnet yoke so that 
the lower yoke strikes the arma
ture. Tighten the screws. 

3. Back off the backstop screw 
two full turns. This will provide 
approximately 3/64" from a center 
line over the magnet yokes to the 
operating hook of the armature. 

4. The assembly should be posi
tioned to provide 3/64" (7 IBM 
cards) from the latch armature to 
the ear on the CF cam follower arm. 

5. There should be a latching 
clearance of .012" to .017" from 
the cam follower arm to the arma
ture tip when the latch magnet is 
energized. 

Hopper Adjustments (Figure 19) 
1. Form the magazine springs 

to touch the feed bed. 
2. Adjust the feed knives for a 

projection of .004" to .0045" with 
a go no-go gage. 

3. With the CF latch armature 
engaged with the CF cam follower 
arm, adjust both feed knives evenly 
to give a .012" to .017" clearance 
from the feed knives to the top of 
the cards in the hopper. 

4. Adjust the throat block to 
place the crown in direct line with 
the top edge of the throat knife. 

5. Adjust the throat knife for 
an opening of .008" to .010". If 
the throat block is properly ad
justed, an .008" gage should pass 
freely in the three directions in
dicated, but a .010" gage will not. 
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6. The card feed pusher plate 
should have 4 or 4-1/2 turns to its 
spring shaft when inserted from the 
rear of the hopper. 

Card Feed Pressure Roll 
Springs Adjustment 

Check for even drag on one card 
inserted endwise at either side. Rol
lers should be free of binds, and 
the two flat type springs should be 
straight when removed from the 
machine. 

Card Feed Circuit Breaker 
Adjustment 

1. Replace badly pitted or worn 
points. 

2. Check for a worn operating 
arm roller. 

3. Align points to make the sides 
and faces of the contacts parallel. 

4. Adjust the stationary contact 
for an air gap of .020" to .025" 
on the high dwell of the cam. 

Card Aligner Fingers Adjustment 
The factory setting for the card 

aligner fingers is .020" to .040" 
motion ahead of the top card rail. 
This adjustment can be altered by 
adjusting the eccentric cam follower 
for a maximum forward travel of 
.055". 

The card must snap off the fingers 
and into position along the top rail 
before punching. If this fails to hap
pen, the first 15 columns may be in 
correct registration and the balance 
of the card off punched to the left. 
After adjusting the front pressure 
rail for 23 to 27 grams on a card 
registered in the detail bed, the 
aligner fingers can be formed in 
conjunction with the eccentric ad
justment. Up to 10° backward angle 
should help the card snap off the 
fingers before it is gripped by the 
feed rolls. 

P U N C H  D R I V E  
P R E V E N T I V E  

M A I N T E N A N C E  

Interposer Magnet Armatures. Failure 
to punch 2's or 3's unless they oc
cur consecutively may be caused by 
friction between the interposer and 
the armature. Apply IBM 22 at 
the latching surfaces. Weak arma

ture springs may cause extraneous 
punching. Use a heavier spring, p/n 
27084. 
Cam Timing, P5. Intermittent or com
plete failure of the sensing unit can 
result from P5 being out of time. 
Arcing sensing pin contacts may be 
caused by P5. 
Extraneous Punching, Manual Operation 
Possible causes are: 

1. Escapement contact making 
too soon causes a punch cycle be
fore the card is advanced. 

2. Insufficient air gap of the 
keyboard latch contacts. 

3. Punch interposer not relatch-
ing or knockoff bail cam follower 
worn. (The bail can be replaced by 
pulling all interposer armatures 
first.) 

4. Guide comb and bumper too 
high, causing a blank column and a 
double punched column on duplica
tion. 

5. Wear at the latching points 
of the armatures. Armatures can be 
reversed, top row for bottom, thus 
using new surfaces of the armatures. 

6 Improper adjustment resulting 
in failure to restore the interposers 
in the armature notches by 100° 
(by hand). 
Interposer Bail Contacts. Insufficient 
air gap causes skipping columns 
while duplicating. Bouncing of the 
interposer bail contacts in conjunc
tion with the escape contact can 
cause information to appear one 
column early as well as in the pro
per column. This is also caused by 
weak tension on the stationary 
strap. Make both front and rear 
contact adjustments equal to pre
vent whipping of the bail. 
Punch Clutch. Check the punch clutch 
overthrow manually at every in
spection. It is desirable to obtain 3" 
to 5° overthrow by hand. Avoid a 
condition which will permit the de
tent latch to drop in without over
throw. Excessive overthrow causes 
blank columns to appear in manual 
fields. The cam shaft rotates past 
zero degrees and rolls back to 345°. 
A dry clutch becomes noisy. 
Punch Penetration. Excessive punch 
penetration can cause off gage 
punching by delaying the card dur
ing escapement. 
Punch Drive Removal. To expedite re
moval and replacement of the unit, 
leave the screws in the front mount
ing plug attached to the base by a 
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Figure 20. Punch Clutch Magnet 

thread or two. Shake the drive unit 
to loosen the plug. 

P U N C H  D R I V E  U N I T  
A D J U S T M E N T S  

Punch Clutch Magnet 
Adjustment (Figure 20) 

1. Adjust the rubber mounted 
armature stop for an air gap of 
.006" to .008" from the armature 
to the outer yoke when the arma
ture is attracted. 

2. Form the armature spring to 
obtain a tension of 140 to 160 
grams away from the magnet core 
when it is measured at the opera
ting end of the armature (A). 

3. Shape or adjust the armature 
spring to exert a force of 75 to 150 
grams toward the armature pivot 
(B). 

4. Position the magnet assembly 
against its support bracket to clear 
the step on the clutch sleeve by 
.008" to .012" when energized. 

Punch Index Pointer Adjustment 
With the punch clutch detent 

back against the punch clutch latch, 
set the punch index pointer to 345° 
±2°. Check to be certain that the 
pointer clears the index periphery. 

Punch Clutch S p r i n g  a n d  C o l l a r  
Adjustment 

1. Install the punch clutch collar 
against the side of the detent. 

2. Grease the clutch spring and 
insert it under the collar against the 
shoulder on the shaft. 

3. Place the sleeve over the 
clutch spring. Engage the stud in
side the sleeve with the outer end 
of the clutch spring. Rotate the 
sleeve clockwise to expand the 
spring and install the pulley. Install 
the retaining collar, and when the 
pulley is properly located, the outer 
face of the collar will be flush with 
the end of the shaft. 

4. With the clutch sleeve latched 
on the armature, uncoil the spring 
by means of the adjusting collar 
until it is tight within the sleeve. 
Rotate the punch index to 348° and 
lock the collar. When the index is 
turned by hand, there should be an 
overthrow of 3° to 5° past 345° 
to permit the detent to drop in. 

Guide and Bumper Comb 
Adjustment 

With the clutch latched, adjust 
the comb to make the bumper por
tion hold the punch operating arms 
down against the punch bail. There 
should be a minimum of .003" 
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9;' 

Figure 21. Interposer Relatching 

clearance between the bottom of 
the bail and the interposers when 
the interposers are hooked under 
the bail. Check by placing the hand 
on the punch arms to take up any 
clearance between the top of the 
bail and the arms, then trip all 

SL 

Figure 22. Armature Clearance 
Adjustment 

Figure 23. Armature Pivot 
Adjustment 

interposer armatures. All positions 
should latch under the bail. 

Interposer Magnet Assembly 
Adjustment 

These adjustments are made with 
the unit removed. 

1. Trip four interposers across 
the unit and position the unit verti
cally so that the interposers start 
to relatch in the armature notches 
at 92° and are all in their notches 
by 100° (Figure 21). The space in
terposer latching time will vary, 
but may not be later than 100°. 

2. At 345° trip all the armatures 
and position the magnet unit for a 
clearance of .025" to .030" from 
the interposers to the attracted 

Figure 24. Armature Pivot 
Adjustment 



Figure 25. Interposer Bail Contact Adjustment 

armatures as shown in Figure 22. 
The gap should be even across the 
entire unit. 

3. Adjust the eccentric screw un
til the knockoff bail contacts the 
attracted armatures evenly at both 
ends of the unit between 13° and 
20°. Where the eccentricity is in
sufficient, the adjustment may be 
obtained by pivoting the magnet 
unit about the armature latching 
point. 

Interposer Magnet Unit 
Adjustments 

When replacing coils, a^ little 
slack left in the wire leads will pre
vent the yokes from cutting through 
the insulation. All the Type 24 coils 
are of equal resistance. The 12, 11, 
0 and space magnet coils on the 
Type 26 are the same as the Type 
24 coils. All other Type 26 coils 
(p/n 228567) are of less resistance. 
The coils are held to the cores by 
cement (p/n 261096). The upper 
and lower armature pivot plates, as 
well as all armatures, are inter
changeable. 

1. Position the armature pivot 
strip as shown in Figure 23 to 
center the armatures over the cores. 

The bottom of the notch in the 
strip (the pivot point for the arma
ture) should extend .028" to .030" 
from the end of the yoke, as shown 
in Figure 24. 

2. Form the armature pivot 
strip at the pivot point by lifting 
the tip of the armature until there 
is at least 1/8" free movement to 
the operating end. 

3. Form the armature to con
tact, within .005", the core and both 
yokes when attracted. 

Interposer Bail Contact 
Adjustment 

Master card bed plates having 
one screw can be removed by first 
pulling the top rail dowels. Stan
dard dowels have a threaded top. 
Unthreaded pins are oversize. Do 
not interchange them. Plates held 
with two screws can be removed 
without disturbing the top rail. 

1. With the contact assemblies 
removed, form the operating strap 
near the mounting to require 20 to 
25 grams to close the contacts 
(Figure 25). Place the gram gage 
finger under the phenolic pad with 
1/4" overlap when checking the ad
justment. 

L,/.- overlap 

Figure 26. Interposer Bail Contact Adjustment 
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Add or remove shims 

475 lo 550 GMS. 

Figure 27. Circuit Breaker 
Adjust merit 

2. Form the stationary contact 
strap to require 30 to 35 grams to 
raise it off its support. The forming 
should be within the area of the 
support strap to reflect a true con
dition. One method of forming the 
contact strap is to insert a straigh
tened paper clip between the strap 
and its support. Form the contact 
strap to obtain a point-to-point con
tact at the outer tip of the support 
strap. When properly adjusted, a 
crack of light will appear at the 
tip of the support strap during 

C U S T O M E R  E N G I N E E R I N G  

measurement. A total of 50 to 60 
grams should be required to close 
the contact and raise the stationary 
contact off the support strap as 
demonstrated in Figure 26. It is 
of greatest importance that both 
contact assemblies are of equal ten
sion. 

3. Reinstall the contact assem
blies and adjust their mounting 
brackets for a contact gap of .017" 
to .023" with all armatures restored. 

High Speed Circuit Breaker 
(P Cam) Adjustment (Figure 27) 

1. Form the operating strap to 
require 100 to 150 grams to close 
the contacts. Measure at the tip. 

2. Add or remove shims to ob
tain .027" to .032" air gap with the 
assembly removed and the plunger 
seated against the frame. 

3. Form the cam follower spring 
to require 475 to 550 grams pres
sure to close the contacts with .020" 
to .030" overtravel of the cam fol
lower. 

4. Adjust the circuit breaker as
sembly for .017" to .023" air gap 
with the cam on the low dwell. The 
plunger shoulder must be away from 
the frame. 

Punch Penetration, Type 24 
(Figure 28) 

This method of adjustment elimi
nates partially punched holes dur
ing the setup process. The heel of 
the lowest punch must enter the die 
.015" to .020". 

1. Loosen the following: support 
screws in the anchor bar, holding 
screws in the pin bail links, drive 

Figure 28. Punch Penetration Adjustment 

Soil 

Stop 

Locking Screw 

Links 
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unit adjusting screw lock nut, and 
holding screw. 

2. At 345° (punch index), trip 
all punch interposer armatures. It 
can be done electrically by pulling 
R25 to open affected grids and us
ing an interposer bail contact lead 
at the drive unit to energize each 
magnet. 

3. With the index turned to 126° 
(punches up) turn in on the drive 
unit adjusting screw until a .010" 
gage passes between the lowest 
punch and the die. The holding 
screw must be tightened after each 
trial. 

4. Remove the feeler gage and 
back off two complete turns on the 
adjusting screw. Tighten the lock 
nut. 

5. Turn in the two support 
screws until they rest against the 
drive unit side frames, then lock 
their nuts. Extend the pin bail 
links. Additional travel, when need
ed, should not exceed 1/6 turn 
(.003") per step. 

For Punch Penetration, Type 26 
see Type 26 Printing section. 

K E Y B O A R D  
P R E V E N T I V E  

M A I N T E N A N C E  

Contact Air Gap. Insufficient air gap 
at the latch contacts can cause 
double punching to appear in a 
single column. 
Latch Assemblies. Failure of a latch 
to restore may cause extraneous 
punching. Check the pivot on the 
latch assembly for a bind and oil 
it. See the revised restoring magnet 
adjustment, step 2. Do not oil the 
interlock discs. 
Restoring Bail Contact. When there is 
a lack of clearance between the 
phenolic pad on the restoring bail 
and the operating strap, the con
tact will break earlier than desired. 
It may result in skipping, without 
punching an X, with the —SKIP 
key. Set the contacts for .002" 
minimum clearance to the pad. 
Alphabetic Shift Key. A combination of 
the location of the key and close 
contacts can cause extraneous 
punches to appear in a column 
along with the desired information. 
It is attributed to operators strik
ing the Alpha-shift key with the heel 

of the hand when in the numerical 
shift. Increase the air gap to elimi
nate the condition. 
Dummy Plugs. When replacing the 
keyboard cover, the dummy plugs 
can be held in place with cellophane 
tape until the unit is assembled. 
Sluggish Keyboard. This can be caused 
by improper adjustment of the 
punch clutch and the escapement 
assembly, since successive operation 
of the keys depends upon comple
tion of the previous punch cycle. 
Alphabetic Keyboard Bails. When 
working on these bails or the bail 
contacts, the use of cellulose acetate 
tape is recommended to hold the 
bails in place when the bail con
tacts are removed. A hole can be 
punched into the tape to remove 
any particular bail. 

K E Y B O A R D  
A D J U S T M E N T S  

( F I G U R E  2 9 )  

Contact Bails Adjustment 
Form all tabs on each contact 

bail for zero to .005" clearance to 
their associated operating ears on 
the permutation bar, with the 
permutation bars in the restored 
position. 

Support Bar Guide Comb 
Adjustment 

The support bar (which acts as 
a support for the latch pull bars 
and a guide comb for the permu
tation bars) should be parallel, 
within .008", of the interlock sup
port bar upon which it is mounted. 

Permutation Bar Travel 
Adjustment 

Adjust the four setscrews posi
tioning the bar stop plate to allow 
the bars to drop .042" to .048". 
Measure at the center and the 
fourth bar from each end. 

Restoring Magnet Adjustment 
1. Adjust the pivot bracket for 

a minimum clearance without bind
ing the pivot. 

2. Restore all latches on the 
latch bar. With a .003" gage be
tween the core and the armature, 
position the magnet brackets evenly 
until the restoring bail meets the 
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Upper Front 
Guide Roil 

A . 
I»l I * 

Restoring Ball ,uu 

Back Stop Stud 

.042"-.048" 
.015"-.025" 

Figure 29. Keyboard Adjustment 

lowest latches at A. This should re
sult in .010" maximum overtravel 
of the latching point with the gage 
removed. 

3. With the magnet de-ener-
gized, adjust the two backstop studs 
for .002" clearance between any 
tripped off latch and the restoring 
bail. Check at both ends and the 
middle. 

Upper Permutation Support 
Adjustment 
(Die cast supports are not adjust
able.) 

1. Position the switch mounting 
plate comb evenly across the unit 
for .010" clearance between the 
permutation bars and the latch bar. 

2. Position the upper front guide 
rail evenly for .005" clearance to 
the permutation bars. 

Key Unit Adjustment 
Seventy to eighty grams tension 

should trip any key operating a 
latch assembly and interlock disc. 
Keys which do not operate latch 
assemblies should travel 5/32" with 
50 to 70 grams key pressure. 

Keyboard Contacts Adjustment 
1. Bail Contacts. Adjust the con

tact plates for .015" to .025" air 
gap with all the latch assemblies 
restored. It should require a mini
mum of 15 grams to break any 

closed bail contact. Form the con
tact straps to obtain the correct 
tension while maintaining the air 
gap. 

2. Latch Contacts. Form the 
operating strap to require 17 to 24 
grams of tension to close the con
tacts when measured at the pad of 
the operating strap. Pivot the con
tact assembly mounting bar to ob
tain .015" to .025" contact air gap 
across the unit. Stationary straps 
can be formed for individual air 
gaps. Be careful to keep the con
tact points lined up properly. 

3. Restoring Bail Contact. Form 
the operating strap to require 50 to 
60 grams to break the contacts. Ad
just the contact bracket for a mini
mum clearance of .002" between 
the operating contact strap and the 
phenolic pad on the restoring bail. 
This contact must break before the 
latch or bail contacts. It should 
break with a minimum air gap of 
.010". 

4. Key Stem Contacts. The N/O 
contacts should have a minimum of 
1/32" air gap and should close with 
a key depression of 1/16" to 1/8". 
The stationary contacts must be 
formed toward their support straps 
with 15 grams tension when mea
sured at the contacts. It should re
quire a minimum of 15 grams to 
break the numerical key contact 
when measured at the end of strap. 
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Must be kept dry 

Figure 30. Keyboard Lubrication 

P R I N T I N G  
P R E V E N T I V E  

M A I N T E N A N C E  

Code Plate 
Lubrication. Keep oil or grease away 
from the back of the code plate 
because it causes printing failures. 
Missing Projections. Broken or miss-
ing projections can be determined 
easily if the code plate is in proper 
alignment. Each projection on the 
code plate is used for one specific 
character. A test of other characters 
will usually determine if it is a 
shifting error or bind. Make an 
overlay on Figure 31 with trans
parent paper, marking out the 35 
home positions with circles. Shift 
the overlay the desired number of 
units and the character will appear 
inverted. The rows of projections 
can be counted for the exact pro
jection in question. 
Return Springs. Always make sure 
the two code plate return plun
gers are in place before running the 
machine. It might be possible to 
run the machine a short time with
out one plunger, but broken wires 
or code plate projections will result. 

Test for Code Plate Alignment 
1. Loosen the vertical (right-

hand) fixed stop locking screw. 
While printing an R, back off on 
the adjusting screw until extra wires 
print. Mark the position of the 
screw slot and turn the screw in 
until failure occurs at the other ex

treme of the adjustment. Mark the 
position of the screw slot and turn 
it to the mid-point between the two 
marks. These marks indicate the 
critical limits of the adjustment and 
the mid-point represents the maxi
mum safety factor. Tighten the 
locking screw. 

2. Loosen the horizontal (left-
hand) fixed stop locking screw. 
While printing 3's, back out on the 
adjusting screw slowly. If the code 
plate is in true vertical alignment 
with the rows of print wires, all 
the wires printing the 3 will drop 
out simultaneously because the code 
plate is being moved to its neutral 
position by the adjusting screw. If 
a corner of the number disappears 
first, remake the vertical shift ad
justment using the aligning tools. 

3. Repeat step 1 with the hori
zontal adjusting screw. An R is 
suggested because several extra 
wires are picked up at once, mak
ing the distortion of the R easy to 
detect. Tighten the locking screw. 

Removal of the Code Plate 
1. Remove the ribbon spools, 

leaving the ribbon under the die. 
Place the spools under the card 
lever pressure finger. 

2. Transfer the vertical shift 
spring to the bellcrank to hold com
pression on the interposers. 

3. Insert the aligning tool to 
keep the code plate in position until 
it is ready to be removed. This is 
necessary to prevent losing the 
pressure plungers and springs. Un
screw the flexible shaft gear (left-
hand thread). 
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Figure 31. Code Plate Chart 

4. Remove the chip tube to 
make it possible to lift the guide 
bushing out of the die with the 
print wires. Keep the bushing on the 
wires, with tape if necessary, to 
protect them. 

5. Disconnect the print drive rod 
from the print arm. Remove the 
four screws holding the printing 
head to the base and lift the head 
off the guide pins. 

6. Unhook the ribbon feed pawl 
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spring and separate the ribbon feed 
and printing mechanism. Four 
screws hold these units together.^ 

7. Remove the two vertical shift 
plate pivot screws and move the 
plate out of engagement with the 
code plate. Unhook the code plate 
return spring. 

8. Withdraw the upper aligning 
tool while inserting a piece of IBM 
card between the code plate and 
the wires to protect the wires. Pull 
out the lower aligning tool and re
move the two pressure plungers and 
springs to prevent losing them. The 
code plate is then free to be drawn 
out of the bottom of the printing 
unit. 

Print Wire Assembly 
Print Wires. Wires do not require ad-
ditional oiling. 
Chip Tube Position. The housing helps 
position the wire guide closures. 
Exchanging or repositioning the 
chip tube may affect printing. 
Replacement of Wires. Single wires 
can be replaced. Be sure the collar 
portion of the wire which extends 
through the guide plate is the same 
size as the one being replaced. 
Replacement of Wire Guide Assembly. 
A precut set of 35 wires is not 
available because the wires are 
ground in a tool jig after assembly. 
If the units become troublesome or 
worn, replace the wire guide as
sembly. 
Character Patterns. Figure 32 is sup
plied as a guide to the wires used 
for printing each character. It can 
be used to determine when extra 
wires are being picked up in print
ing. 
Removal of the Wire Guide Assembly 

Remove the code plate and pro
ceed as follows: 

1. Remove three horseshoe clips 
from one side of the unit (the two 
smallest clips and the one holding 
the print drive rod shaft). Pull 
out the three shafts that are freed 
(see Figure 36). 

2. Remove the four screws hold
ing the adjusting screw plate and 
pull the units apart. 

Platen, Smudging, Printing 
Pressure 

1. Avoid adjusting for printing 
pressure with a dry or worn ribbon. 

2. A thin platen will require the 
print wires to extend farther into 
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Figure 32. Character Impression 
Patterns 

the card path than normal and cause 
smudging. Replace thin platens and 
check the platen and printing pres
sure adjustments. Remove any burrs 

fT AewPomnor undersize print 
cam will result in smudging cards. 

Rerinsu^crfcebre^n 

washer'or^the encT of the shaft: will 
place an extra load on the punch 
drive unit. It sometimes shows up 
by causing clutch latching failures. 

Removal of a Punch, Type 26 
The quickest method is to re

move the print interposer assembly. 
1 Remove the nuts and springs 

from the 12 punch extensions. The 
sorings are interchangeable. 

2 Transfer the vertical shift 
spring from the shift plate to the 
eve in the bellcrank to keep the 
vertical shift interposers compres-

S£ 3' Remove the horizontal shift 
soring. Compression must be held 
on the horizontal interposers by 
hand when shifting the unit. 

4 Remove the three screws 
from the corners of the rectangular 

_t— ^vtPTiQinn ffuidc which is 
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Figure 33. Print Inter poser Assembly 

mounted on the bottom of the strip-
per. 

5. Install the code plate align
ing tools to protect the print wires 
and retain the code plate return 
plungers. Pull the interposer as
sembly straight out to avoid lifting 
all the extensions off their punch 
arms. The desired punch can be 
removed by lifting its extension out 
of engagement with the associated 
punch arm. 

6. A flat guide (.0125" - .018" 
thickness gage) is helpful in insert
ing a punch into the stripper. The 
highest point of the punch belongs 
toward the front of the machine 
and the head of the retaining pin 
belongs toward the retaining plate. 

7. Slip the extension guide plate 
over the punch extensions to hold 
them located with respect to the 
interposer yokes. 

8. Place the interposers in their 
lowest operating position while re
placing the interposer unit on the 
extensions. A fillister screwhead 
placed between the 9 yoke and the 
frame will align the yokes with the 
punch extensions. 

9. Install the 12 springs and 
nuts, turning the nuts up until they 
seat against the shoulder on the ex
tensions. 
CAUTION : Do not force the nut 
tightly against the shoulder because 
the extensions break off easily. 

Electrical 
Relay 31. Both pick and hold coils 
should be of equal resistances (625 
ohms each). Relay 31 coils are in 
series with interposer magnets. 
When interchanged with relays of 
higher resistance, duplicating fail

ures will result. Failure to duplicate 
only 8's and 9's is attributed to a 
relay with a high resistance hold 
coil being substituted for R31. 
Fuses. All Type 26 machines opera
ting on 115 V, 60 cycle, should be 
equipped with a 3.2 ampere fuse-
tron p/n 107664. 

Print interposers 
Figure 33 contains the location of 

the print interposers, rollers and 
slides. Each unit of cam action 
equals .020" motion to its slide. 
A —1 cam has a .010" cut from 
both sides of the interposer, result
ing in .020" motion. A +4 interposer 
moves the slide .080". Use this chart 
as a guide to reassembly. The + or 
— values are now being etched on 
the interposer faces. (The ratio of 
motion of the slides to the code 
plate is 10 to 11.) 

P R I N T I N G  
A D J U S T M E N T S  

Punch Drive and Print Yoke 
Adjustment 

There should be a clearance of 
.015" to .020" between the yokes 
and guides as shown in Figure 34. It 
is obtained by adjusting the punch 
drive unit. The clearance will re
sult in the rollers contacting the 
print interposers a minimum of 
.015" above the start of cam action. 
Because the clearance cannot be 
measured, it is obtained as de
scribed below. 

1. Remove the belt guard and 
punch drive belt to take the load 
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Figure 34. Punch Drive and Yoke Adjustment 

off the drive unit. 
2. Remove the cover from the 

punch extensions and remove the 
12 nuts and springs to reduce the 
load on the punch extensions. 

3. Remove the two screws from 
the pin bail drive link. 

4. In the drive unit anchor bar, 
loosen the adjusting screw lock nut, 
the holding screw, and the two sup
port screws. Unhook the print 
spring. 

5. With the punch clutch 
latched, rotate the drive unit coun
terclockwise until the yokes can be 
felt to bottom on their inner guides. 
Turn the adjusting screw in until 
it touches the casting, then back off 
one full turn and tighten the lock 
nut. Tighten the holding screw. The 
two support screws should be turned 
in until they rest against the side 
frames. Reassemble the machine 
and test the punch penetration with 
standard codes. 

6. Readjust the printing pres
sure. 

Punch Penetration Type 26 

Satisfactory punching should re
sult from the preceding print yoke 
adjustment. If more penetration is 
required on machines with .012" to 
.015" throat gap, the yoke adjust
ment will have to be altered and 
the printing pressure adjustment re
made. On machines with .020" to 
.026" throat gap, the penetration 
can be changed by its adjustable 
punches without affecting the yoke 
or printing pressure adjustments. 
See the following two items. 

Additional Punch Penetration 
(.012" to .015" Throat Gap) 

After loosening the pin bail drive 
link and the two support screws in 
the anchor bar, back out the drive 
unit adjusting screw 1/6 turn to 
a step. Turn in on the support 
screws and connect the bail link 
after each step and test the machine 
with standard codes. Each step will 
result in .004" more penetration. 
Do not exceed 1/2 turn over the 
yoke adjustment because the yokes 
will strike the extension guide 
plates. 

Figure 35. Adjustable Penetration 
Type 26 
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Wire Collofs 

P Adjusting Screw 
Plate 

Pressure Adjusting Nuts j i 

Figure 36. Code Plate Adjustment 

Additional Punch Penetration 
(.020" to .026" Throat Gap) 

These units contain adjustable 
punches which are assembled with 
the punch retaining pins in the 
second hole from the top. Each hole 
varies the punch penetration .010" 
as shown in Figure 35. Always keep 
the hole in the punch associated 
with the corresponding hole in the 
extension. Adjust individually ac
cording to need. 

Printing Pressure Adjustment 
(Figure 36) 

When replacing a wire guide as
sembly, it is necessary to remake 
the pressure adjustment and the 
code plate adjustment. Assemble 
the printing head, using Figure 36 
as a guide. Install the vertical shift 
plate. Be sure the two lower pres
sure plungers and springs are in 
place. 

1. Insert both aligning tools to 
hold the code plate in place and 
avoid damage to the wires. Loosen 
the three lock nuts holding the 
pivot adjusting plate. With the 
tungsten bushing over the end of 
the wires, install the head on the 

stripper frame. 
2. Connect the print drive rod 

and remove the aligning tools. Un
screw the three knurled adjusting 
nuts until the wire collars meet 
the guide plate. 

3. Shim the code plate for a 
clearance of .028 to .030" to the 
ends of the print wires (.003" shim 
p/n 305243, .007" shim p/n 
228296). Use one .007" shim instead 
of two .003" shims. 

4. Turn in evenly on the three 
knurled nuts, 1/4 turn at a time, 
until printing is obtained. Snug up 
the lock nuts after each step and 
operate the space bar to prevent 
damage to the wires. A practical 
test to show up uneven printing 
can be obtained by disengaging the 
ribbon feed pawl and printing an 
H until the printing grows faint. 
Too much printing pressure will 
make the machine noisy and cause 
marks to appear when spacing. 

5. The print arm roller must be 
free to lift .010" off the cam dur
ing print suppression to reduce 
noise and wear on the cam. Check 
for this clearance with the print 
spring removed. The lifting motion 
drives the wire collars .005" closer 
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to the wire guide plate than their 
normal return after printing. If 
necessary, remove shims and read
just the pressure to maintain 
sufficient clearance to prevent the 
wire collars from striking the wire 
guide plate. 

Code Plate Adjustment 
The code plate must be adjusted 

for its blank or zero shift position 
and must be made to travel in true 
alignment with the rows of print 
wires. The adjustment is originally 
obtained by using the aligning tools 
(p/n 460028). For readjusting or 
checking see Test For Code Plate 
Alignment, page 23. 

1. Latch the punch clutch and 
loosen the horizontal and vertical 
fixed stop locking screws. Back out 
a turn or two on both fixed stop 
adjusting screws (Figure 34). 

2. Loosen the vertical shift 
guide locking screw and unhook 
both shift springs (Figure 37). 

3. Shift the code plate until the 
aligning tools can be inserted 
through the guide holes in the back 
of the code plate and wire guide 
plate (Figure 37). 

4. Center the aligning tools in 
their holes where they will move 
in and out freely and tighten the 
vertical shift guide locking screw. 

5. Rehook the vertical shift 
spring. Turn in on the vertical fixed 
stop adjusting screw (the right-
hand screw from the front of the 
machine) until the lower tool can 
be moved in and out freely. 

6. Rehook the horizontal shift 
spring and adjust the horizontal 
screw as in step 5. Tighten both 
fixed stop locking screws. CAUTION: 
Remove both aligning tools before 
running the machine. 

Print Suppression Magnet 
Adjustment 

1. The armature should be flat 
within .005". 

2. Adjust and form the ears 
of the armature pivot so the arma
ture lies flat against both yokes. 

3. Form the ears of the arma
ture return spring to extend out 
1/16" from the pivot, with the 
armature removed. 

4. Adjust the armature retainer 
squarely for an air gap of .035 
to .037" between the armature and 
the residual with the magnet de-

Vertical Slldi 

Horizontal 
Shift Spring 

Horizontal Slide 

Figure 37. Code Plate Adjustment 

energized. The sides of the retainer 
must not drag on the armature. 

5 With the armature attracted, 
position the magnet bracket *, 
that the armature contacts the sup
press arm and the interposer block 
clears the sides of the print arm by 
.003" to .005". 

Print Suppression Adjustment 
i Loosen the left-hand screw at 

the rear of the punch shaft and 
position the eccentric to line up 
its groove with the mark on the 

*̂*2 With the punch clutch latched 
and the print suppression armature 
attracted, adjust the eccentric 
screw in the eccentric drive link 
for .024" to .026" clearance be
tween the suppress arm and the 
block on the armature. _ 

3. Unhook the print spring and 
make sure it is possible to lift the 
print arm roller .010" off the cam. 
If the clearance is unobtainable, 
check step 5 of the Printing Pr 
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Platen Adjustment 
File or stone the platen flush 

with the stripper to not more than 
.004" below it. To extract the 
platen, remove the screw and slide 
the platen to the right. 

L U B R I C A T I O N  
CARE must be taken to keep lubri
cants off the following items: 

1. Adjustable friction drives (al
loy discs). 

2. Keyboard interlock discs. 
3. Plastic moulding used for a 

bearing surface. 
4. Stacker card pushers. 
5- The back of the code plate. 
Difficulties may occur from the 

use of other than specified lubri
cants. Some oils contain additive 
elements which tend to seal off 
p0™us, bearings and prevent their 
self-lubricating action. 

Frequency of lubrication is based 
on average conditions and 40 hours 
per week usage. It is intended 
merely as a guide for new machines 
and the customer engineer may 
have to vary frequency to suit in
dividual machine requirements. 

Lubrication Requirements 
The number to the left of the 

rtem is a code number for the unit. 
lo find each item necessary on 
the Punch Drive, for example, re-
ter to each item labeled 2. The 
complete code number list follows: 

• and Stripper 
2. Punch Drive 
3. Eject and Pin Sense 
4- Program 
5. Card Feed 
6. Stacker 
7. Mechanical Drive 
8- Print Unit 

(For keyboard lubrication, see 
Figure 30, page 23.) 

IBM 6 

3 Month Period 

-1' I?le and stripper. Punch an 
oiled card at least every 3 months. 

Punch drive unit: 
a. Cam follower rollers. 
b. Circuit breaker rollers. 

o ®e. su,re they are free. 
1 he print interposers, yokes 

and rollers. Tip punch bed to ver
tical and let oil run through the 
units. 

8. Code plate linkage, not 
the code plate. There should be ab
solutely no lubricant between the 
back of the code plate and the 
shim retaining plate. 

8. The print drive linkage on 
the printing head. 

8. Print cam follower roller. 
8. Eccentric bearing and ec

centric screw in the suppression 
arm. 

6 Month Period 

2. Punch drive unit: 
a. Interposer pivots. 
b. Felt spacers. 

3. Sensing pin bail shaft bear
ings. Saturate wicks. Remove the 
eject unit to make the oil holes 
accessible. 

3. Sensing pin bail arm stud. 
4. Star wheel pivots, oil spar

ingly. Wipe off excess. 
3. CF circuit breaker rollers 

and pivots. 

Yearly Period 

1. Punch retaining pins. 
3. Eject unit mechanism spar

ingly. Eject and register arm rollers. 
Keep oil off the continuously run
ning rubber feed rolls. 

5. Card feed knife linkage. 
6. Stacker gripper block pi

vots. 
7. Drive Motor. 

IBM 22 

3 Month Period 

. 2- Punch clutch spring (grease 
fitting at least every 3 months). 
Wipe excess off sleeve and pulley. 
Where clutch becomes noisy, grease 
more often according to individual 
needs. 

2. Knockoff bail cam follower. 
Lift off cam. 

2. Sensing pin bail link guide 
stud. 

6 Month Period 

2. Punch interposers at latch
ing points. 

2. Punch bail bottom (film of 
grease). 

5- CF steel pressure roller pi
vots. * 

fitting Re3r m°Unting pIu§ grease 

8. Print spring ends. 
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8. Print suppress armature at 
the yoke ends and on the inter-
poser block. . 

8. Ribbon reverse mechanism. 

Yearly Period 
1, Flexible shaft. 
1. Pressure roll release pin 

(ends). arm gyide comb on 
the stripper. . 

2. Punch operating arm at the 
punch extensions. 

3. Pressure roll release pin 
(ends). 

4. Program cam. 
5. Card feed clutch. 
5. Card pusher stop cams and 

followers. 

5. CF latch magnet pivot. 
6. Card gripper cams. 
6. Stacker cam and follower. 
6. Phenolic stacker gear. 
7. Escape armature pivot. _ 
7 .  Reduction drive housing. 

The level should be checked yearly 
if the housing does not show signs 
of leaking and at least every 
months if oil shows on the surface. 
Oil seals can be replaced. The oil 
level cannot be checked by remov
ing the pipe plug- The housing 
must be pulled and the top cover 
removed. The lubricant should 
cover a point 1/4" above the point 
of contact of the worm and wheel 
when held in operating position. 
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P R E V E N T I V E  M A I N T E N A N C E  

Alphabetical Printing Punch, Type 036 

C H A R A C T E R  O P E R A T I N G  B A R  
M E C H A N I S M  

I. Cleaning 

All dust and dirt should be brushed out of the keys and from other parts of 
the machine. 

II. Inspection 

1. Punch Bails should be free on their pivots with a minimum of end-shake. 
This can be adjusted by the pivot screws with lock nuts on the right-hand 
side frame. Be sure lock nuts are tightened. 

2. Operating Bar Stop for wear and adjustment. 

3. Reamer Shaft for nicked or worn flutes and proper speed. It is important 
that the proper speed be maintained on any printing punch. Increasing 
the speed of the reamer shaft will not necessarily speed up the operation; 
in fact, it may decrease the speed of operation and may be the cause of 
"galloping". The reason for this is that the time required for one reamer 
hook operation plus the unlatching of the next reamer hook may be just 
sufficient to permit a flute on the reamer shaft to go by if the reamer 
shaft is too fast. If this occurs, it is necessary for the newly unlatched 
reamer hook to "wait" for a flute, thus delaying the operation. 

4. Reamer Hooks for wear and freedom of operation. The hook must be free 
on its pivot and must not bind in the comb. 

5. Key Lever Upper Stop for wear and adjustment. 

6. Interlock Assembly for freedom of operation and adjustment. The key inter
lock assembly may be the cause of sluggish or improper key operation. 
It should first be determined that the comb is clean and free of burrs or 
binds. If gummy, it may be washed with a cleaning fluid to which oil has 
been added and then the parts should be wiped with a clean, dry cloth. 
Oil should never be put into the interlocks. If any comb teeth are 
bent, they obviously will obstruct the free movement of the keys or the 
interlock discs. Any bent teeth should be straightened and the inside 
surface of the comb should be smoothed with a fine stone. It is well to 
run a flexstone between the teeth to remove burrs. The channel of the 
disc guide should likewise be free of burrs and binds. 

7. Star Wheel for adjustment on both punching and spacing operation. 

8. Contacts. Key interlock, punch bail, eject key and tab key for dirty points 
and proper adjustment. 

9. Tab and Eject Key Solenoids for freedom of operation and proper adjustment. 

III. Lubrication 

Under no condition should oil ever be put into the key interlock assembly. 

IBM 6 
(1) Reamer hook pivots. 

IBM 9 
(1) Bail pivots. 
(2) Oil cups in reamer shaft bearings. 
(3) Operating bar guide combs, front and rear. 

2 
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V A C U U M  P U M P S  A N D  D R I V E  H O U S I N G  

I. Cleaning 
All dust and dirt should be brushed from around unit. The pump solenoid 

plunger should operate freely. Wash it with cleaning fluid, if gummy. 

II. Inspection 
1. Control Valves (on early type machines only) for proper tabbing and for 

le3AScheck should be made to see that the rack will tab properly on a 
short skip (10 columns) on either end of the rack and should also be 
checked for a long skip on either end (approximately 40 columns). If it is 
found that the rack speed is too great on short skips, particularly on the 
column 1 end, it will be found that backing off the permanent by-pass 
valve adjusting screw will improve this condition. The backing off of this 
screw causes a reduction of the vacuum in the carriage cylinder while the 
rack is standing idle. Thus the carriage does not move at an excess speed 
at the beginning of a tab operation. This action is more prevalent when 
tabbing on the left end of the card due to the larger evacuated area in 
the right end of the cylinder. 

If sufficient speed cannot be obtained in either the forward or reverse 
movement of the carriage, it is likely that leakage is occurring m the 
system. The most common source of leakage is the by-pass valves which 
can be checked by disconnecting the tubing and shunting the by-pass 
valve casting by means of rubber tubing. When connected in this manner, 
excess speed of the rack should be obtained providing the pump is pro
ducing enough vacuum. It is seldom found that the pump will not produce 
sufficient vacuum, and it is therefore advisable to check thoroughly for 
leakage elsewhere before dismantling the pump. 

2. Piston for sliding freely on shaft. , . . ... 
Check to be certain that the piston slides freely in the cylinder with 

both ends of the tube open. This will indicate that there are no mechanical 
binds in the assembly. . 

In a few instances trouble has been experienced because the plug in the 
center of the piston has moved to the right or left, closing one of the ports 
to the cylinder. If this trouble is present, it will be indicated by the fact 
that the cylinder does not slide freely on the tube when both ends of the 
tube are open. The "feel" of recoil due to compression in this case will 
distinguish it from mechanical friction or a bind. It will be necessary to 
replace the tube and cylinder if this condition occurs. 

3. Oil Reservoir for proper oil level. 

4. Drive Housing for wear and proper oil level. 

III. Lubrication 

IBM 15 
(1) Oil pump drive housing. 

IBM 16 
(1) Oil reservoir should be not over one-half full when machine is running. 

IBM 17 
(1) Main drive shaft gear teeth. 

IBM 21 
(1) Ball bearing race behind drive pulley. 
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R A C K  C O N T R O L  M E C H A N I S M  

I. Cleaning 

The rack should be cleaned thoroughly with a stiff brush dipped in cleaning 
fluid. Any dust in the tab control assembly should be cleaned out. 

II. Inspection 

1. Racks for freedom of operation. Before attempting to make any adjust
ments of the rack, a check should be made to insure that both the main 
rack and the duplicating rack operate freely when moved by hand. These 
may be individually checked by raising the duplicating card bed. 

2. Rebound Check Lock for wear and correct operation. The stop pin should 
hold the rebound check pawl in a vertical position when the back space 
lever is operated, or when the rebound check solenoid is operated. 

Remove the rebound check rod by taking off the nut on one end and 
sliding it out above the card hopper. Examine this rod for a smooth and 
polished finish. If it does not have this finish or shows any signs of wear 
or crookedness, it should be replaced. 

Remove the rebound check pawl. The edges of the hole should not be 
worn. They should be square and sharp but without burrs. 

After replacing these parts, a check should be made to see that the 
rack is positively locked against a reverse or rebound movement. Check 
further to be sure that the rack operates freely in a forward direction. 

When the solenoid plunger is fully attracted, the rebound check pawl 
should be just pulled up firmly against its stop pin. 

3. Back Space Mechanism for proper operation. 

4. Dog and Escapement Mechanism for wear and proper adjustment. 

5. Tabulating Mechanism for freedom of operation and proper adjustment. 
Insert #6 tab stop in a predetermined column. With power on machine, 
hold rack and depress tab key, allowing the rack to move over slowly 
until the tab stop just touches to tab-break contact operating arm. At 
this time the dog lifter should allow the dog to drop in the proper tooth, 
with approximately Jyj;" overlap. The dog lifter arm has to be bent to 
obtain this adjustment. 

6. Tab Break Contact Operating Arm for freedom of operation. 

7. Tab Break Contact for dirty points and proper adjustment. It should break 
with yj " air gap after the dog has dropped in the proper tooth in the rack 
and the rack has taken up the rest of the movement of the dog. 

8. Tab Control Contact Assembly 

Check the contact operating levers to see that they do not bind. Be 
sure the screws which hold the contact assemblies are tight. 

The normally open contacts should have .022 " air gap and the normally 
closed contacts must have good tension. 

Check with inserts 1 through 5 in tab rack and space the rack so that 
each insert operates the contacts. See that the N/O contacts are closed 
with good tension, and the N/C contacts are opened approximately .022". 

9. Card Registration 

10. First Column and 80th Column Contacts for dirty points and proper adjust
ment. 

III. Lubrication 

IBM 6 
(1) Rack cylinder and piston. 
(2) Dog and escapement mechanism pivots. 
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F E E D ,  P U N C H  A N D  P R I N T I N G  
M E C H  A N  I S M  

I. Cleaning 
All dust and dirt should be brushed from the feed and from around the 

roller throat. It is important that the feed knife block be clean and smoot 
in order to slide freely. The slide rods also must be smooth and should have a 
polished surface so that the knife slides freely and qu'ckl,y' if . "*n01 

plungers should operate freely. Wash them with cleaning fluid, if gummy 
Type should be brushed clean or cleaned with plastic type cleaner, pa 

number 450528. 

I I .  Inspection 
1. Clutch Solenoid for freedom of operation and proper adjustments. 

2 .  P u m p  S o l e n o i d  for freedom of operation and proper adjustments. 

3. Feed Knife for proper adjustments. 

4. Cord Pusher Link for binds. 

5. Roller Throat for proper adjustment. 

6. Die ond Guide Block Assembly for clearance between the t^ of the d^e and 
the type head. If this clearance is too small, the effect may be that the 
type heads strike on top of the die, causing it to collapse into the l^ hole^ 
This may be due to the fact that the die is toe.high. :If the top of the die 
is more than A" above the 12 hole, it should be filed down to si • 

To measure this distance, insert a card into punching position and punch 
a 12 hole. Using a small knife blade, scribe a fine fine on the card even 
with the top of the die. The card can then be removed and the distance 
measured from the top of the hole to the line. 

7 Punches for freedom of operation and proper travel. It is very important 
that all punches slide freely in the punch guide block and into the die. If 
it is necessary to stone the punches to free them, use the fine side o 
clean flat stone. Obviously, if too much stoning is done, the punched 
holes will be ragged. It should be possible to slide each punch into its 
place by hand and without binding until only the recessed driving portion 
of the punch projects from the rear of the guide block. 

The punch travel can readily be measured with a steel scale by putting 
a straieht edge across the back casting of the machine and measuring 
from the straight edge to the rear of the punch. Measure the distance 
in the rest position. Then depress a key and turn the machme by han 
until the tip of the punch just projects from the front of the guide block 
and measure again. The difference between the two measurements will 
indicate the amount of travel of the punch before projecting from the 
front of the punch guide block. ... .. r 

The tip of the punch can readily be seen when it begins to project from 
the front of the guide block by sighting along the card line from near the 
feed knife and placing a white card or a light on the other side of the die. 

8 Ribbon Spac ing .  Check operation of ribbon feed mechanism by manually 
' operating machine. The ratchet operating pawls should have the same 

amount of travel after engaging their feed ratchets so that the two ratchets 
are operated the same distance. This can be observed from the rear of the 
machine by moving the carriage first to one end, then to the other. Check 
while operating the machine by hand. The ribbon feed operating fork 
should not bind at either end of the stroke. 

9. Type for printing squarely and in registration. 

10 Duplicating Mechanism 
(a) DUPLICATING SOLENOIDS for freedom of operation and proper 

adjustment. 
(b) BRUSHES for wear, damage and projection. 



6  P R E V E N T I V E  M A I N T E N A N C E  C U S T O M E R  E N G I N E E R I N G  

(c) CONTACT ROLL for clearance to brush separator and centering of 
brushes to roll. For a method of checking alignment of brushes to 
center of roll, see 016-031 section under Duplicating Unit. 

(d) MASTER CARD CARRIERS for proper registration. Be certain the 
card used for checking is in perfect registration. 

III. Lubrication 
IBM 6 

(1) The master rack guide bar. This should immediately be removed with 
a cloth so that only a very thin film remains to protect the rod from 
rusting. Excess oil at this point will eventually result in sluggish rack 
operation. 

(2) Each punch where it enters the guides. However, the punches should 
be perfectly free before oiling. 

(3) Duplicating brush holder assembly pivots. 
(4) Ribbon spacing bell crank pivots. 
(5) Ribbon spacing ratchet wheel pivots. 
(6) Feed knife operating mechanism pivots. 
(7) Roller throat. 

IBM 9 

(1) Pivots at the top and bottom of the punch connecting links as well as 
the striker arm bearings. 

(2) Card feed drive shafts bearings. 

IBM 17 

(1) Card feed drive gears. 

B A S E  
I. Cleaning 

The entire base should be wiped down with a rag soaked in cleaning fluid. 
Any card punch chips should be brushed out of the machine. Any oil or dirt 
on the relay points should be washed out. 

II. Inspection 

1. Motor and Generator (see General Section) 
2. Duo Relays (see General Section) 
3. Sentinel Switch (see General Section) 
IBM 6 

(1) Oil cups of drive motor and generator. 
(2) Pivot points of duo relays. 

IBM 17 

(1) Sentinel switch contact points. 

Form 22-5747-1 
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M A I N T E N A N C E )  Type 055 

VERIFYING UNIT 

FEED UNIT . . . 

C O N T E N T S  

P a g e  
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P R E V E N T I V E  M A I N T E N A N C E  

Verifier, Type 055 

V E R I F Y I N G  U N I T  
I. Cleaning 

The verifying unit should be thoroughly cleaned before oiling or inspecting. 
The rack should be cleaned with a stiff brush dipped in cleaning fluid. 

II. Inspection 

1. Dog Carrier for slight wink of rack when space solenoid is energized. Check 
this at several places on the rack, and be sure there is no backward move
ment of the rack. 

2. Skip Lifter for wear and freedom of operation. 

3. Escapement for ^" clearance to rack. Check by latching up the release 
bar link and moving the rack back and forth. Also, check by raising the 
rack just enough to remove the up-and-down play. The escapement 
should not drag on the rack teeth. 

4. Sensing Pin Contacts for air gap when not attracted, and for good rise when 
closed. Make sure that the points do not close if a blank column is under 
the pin. 

When the sensing magnet is energized and there is no card beneath the 
sensing pins, it is possible that all pins will not be pushed down far enough 
for the contact strap to make contact. Check with a card that has three 
successive holes in a column for those positions that do not operate when 
there is no card present. Both verifying and master units should be checked. 

5. Solenoids for freedom of operation and proper adjustments. 

6. Dog for wear and proper rise when space solenoid is attracted. 

7. Circuit Breaker Contact for pitted points and proper adjustment. 

8. Card Notcher should be approximately %n above the die before being 
attracted, and when energized, should be drawn into the die so that the 
upper edge of the notching punch is below the level of the card line; that 
is, there should be no interference to the card movement when the punch 
has gone its limit of travel. 

9. Pin Registration. This can easily be checked by making use of a hole just 
above the thumb lever that is already tapped for an 8-32 screw. The 
procedure is as follows: 
(a) Punch a card with 12 through 9 in one column. Check registration of 

the holes with a card gauge. 
(b) Insert the card in the bed and push the rack to the column punched. 

Be sure the dog is seated properly. 
(c) Place an 8-32 screw in the above mentioned hole and screw it down 

until it binds on the master control bed casting. Take care not to 
tighten it too much so as not to warp the carriage. 

(d) The pin sensing unit may now be raised, and the 8-32 screw will hold 
the rack in position. 

(e) The card is now uncovered and held in position by 8-32 screw so that 
the card carriers, right and left, may be adjusted to center the holes in 
the card with the pin sensing holes in the card bed. Both verifying 
and master units should be checked. 

10. Key Boards. Check all the keys for ease of operation. It is essential to 
have the keys free of binds so that they may always be depressed their full 
travel to insure that their respective contacts will be fully made. This is 
particularly essential when a key operates a contact with double points. 

2 
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There should not be too much tension on the contact straps that operate 
against the contact bell cranks in order that all the keys may be operated 
fully with as little finger pressure as possible. 

11. Relays (see General Section—Duo Relays) 

III. Lubrication 
Do not put oil on the sensing pins or the solenoid plungers. 

IBM 6 
(1) Dog carrier stud. 
(2) Relay armature pivots. 
(3) Card rack teeth (with short dog). 

IBM 9 
(1) Solenoid operating arm pivot. 
(2) Release bar link guide screws. 

IBM 17 
(1) Light film on the surface of the phenolic pad on duo relays. 

F E E D  U N I T  

I. Cleaning 

Clean all old dirt and grease from the unit. The governor should be removed 
and washed with cleaning fluid. The drive motor should be cleaned of all 
carbon. 

II. Inspection 

1. Motor Drive Clutch Pawl for proper unlatching and relatching on armature. 

2. Feed Rack for proper feeding of cards. Check this by turning motor over 
by hand. 

3. Main Rack for returning to column number one. This should also be checked 
by turning motor over by hand. 

The rack stop right should not act as a limit on the feed stroke since 
this will bind the motor drive unit and cause excessive bearing wear. 

4. Stationary Throat for wear and adjustment. 

5. Feed Knife for wear and adjustment. 

6. Drive Motor Brushes for wear. 

7. Eject Gripper Jaws for looseness on its shaft and for broken ears on the 
upper jaw and for proper jaw opening. 

8. Card Reversing Device for loose gears and freedom of action. 

III. Lubrication 

IBM 6 
(1) Card rack teeth (with short dog). 
(2) Rack rollers. 
(3) Motor. 
(4) Rack spring assembly. 
(5) Card reversing shaft bearings. 
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IBM 9 

(1) Bearing points on motor drive unit. 
(2) Feed rack gear shaft. 
(3) Eject shaft. 

IBM 77 
(1) Card feed ratchet. 

IBM 21 

(1) Gear housing on motor drive unit. 

Form 22-5748-0 
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THIS MANUAL condenses and re
vises Type 56 adjustments pre
viously published. Preventive main
tenance and servicing hints are in
cluded in each machine subdivision. 

Most of the base adjustments of 
the Types 24-26 and 56 are identi
cal. To conserve space in this man
ual, identical items are referred 
back to the Type 24-26 Reference 
Manual, form 22-8941-0. If a dif
ference exists between adjustments, 
the Type 56 procedure is set forth 
here in its entirety. 

The usefulness of IBM equipment 
is increased by an effective preven
tive maintenance program. Keeping 
machines abreast of current engine
ering changes is almost as import
ant as cleaning and lubricating. 
These changes contribute to custo
mer usage by improving machine 
features. Less service time and in
creased machine life result from the 
installation of improved parts. 

B A S E  

Base adjustments to be found in 
the Type 24-26 reference manual 
are: 

Card lever and switch 
Card lever pressure finger 
Card pusher hood plate 
Pressure rolls 
Program sensing mechanism 
Program drum interlock arm 
Escapement magnet 
Friction drive 
Pressure rails 
Stacker unit 
Reduction drive 
Pin sensing unit 
Eject unit 

Card Registration 
Registration starts with moving 

the card from under the top rail 
and, for the detail card, continues 
until column 80 is processed and 
notched. From column 1 through 
column 80, registration on the veri
fier is not critical because the veri
fying pins can read the detail card 
throughout a variation in card 
placement of plus or minus .020". 

Feeding the card into the feed 

wheels then becomes most impor
tant. Cards should not be left under 
the top rail for long periods be
cause they become curved and will 
not snap off the aligner fingers. 

The most satisfactory operation 
of the aligner fingers is obtained 
when they travel .040" or less 
ahead of the rail. Greater force 
than this merely throws the card 
into the front pressure rails. Keep
ing the left pressure rail in the 
detail station to its low limit of 
adjustment (23 grams to move away 
from the card) will also help snap 
the card off the aligner fingers. 

Multiple punch a card in column 
12. Adjust the card pusher arm in 
the same manner as the Type 24, 
using the scribed line in column 12 
as a guide. The card should be 
registered so that the line on the 
verifying frame evenly divides the 
holes in column 12. The line can 
be used any time throughout veri
fication for a check on registration. 
The card pusher pad should not 
grip the card and is adjusted the 
same as on the Type 24 punch. 

Program Cam Contacts 
This adjustment is affected by 

the forked arm adjustment and 
must be remade each time the 
forked arm is changed. If the col
umn indicator dial has the program 
cam mounting screw head on the 
outside of the dial, the cam may 
be moved to compensate for the 
forked arm adjustment. 

Although the timings are given 
in card columns, the adjustments 
are made and checked with the es
cape wheel teeth. Each tooth is as 
long as the width of a card column 
(.087"). The usual cause for skip
ping past column 81 is the adjust
ment of the 12 program contact. 

1. The stationary contacts should 
have a minimum of 15 grams ten
sion against their supports. The op
erating straps should be tensioned 
toward the N/C contact with enough 
tension to cause .005" to .025" rise. 
Avoid tension that would cause the 
operating strap to touch the sup
port strap. 
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15 Grams Minimum 

Minimum Air Gap 

Minimum 

to .030" Rise 

Adjust Contact Brocket 

Figure 1. Program Cam Contact Adjustment 

2. Set the contact levers on the 
high point of the cam (approxi
mately column 84 • as shown in 
Figure 1). Position the contact 
b r a c k e t  f o r  a  m a k e  o f  t h e  N / O  
points with .020" to .030" rise off 
the support. Form the N/C support 
for a minimum air gap of .020 . 
Rotate the lever bracket to hold the 
levers 1/64" from the phenolic 
pads on the closest transfer strap. 
There should be a minimum of 
.020" air gap at the N/O contacts 
when the contact levers are off the 
cam. See that neither lever grounds 
out the rivet on the contact. 

3. Turn the machine over by 
hand to column 88-1/3. Watch the 
escapement for a 1/3 tooth overlap 
of the armature on the tooth. 

Position the contact lever bracket 
to cause cam contact lever 1 to 
drop off the cam. Rotate the ton-
tact lever bracket for the .010 to 

.020" clearance from the levers to 
the contact pads (Figure 2). 

4. Refine the adjustments to 
meet the following conditions on 
the escape wheel teeth. All refer
ences are to program columns. 

Number 1 N / O  make at column 
80-1/3 to 80-2/3 to pick R48 for 
the start of an OK notching cycle, 
or skip if the card was in error. 

Number 1  N / O  break at column 
88-1/6 to 88-1/2 to drop out the 
escapement armature and stop the 
drum in column 1. This is a critical 
adjustment. 

Number 2 N/C break at column 
81-1/2 to 83 to drop out R3. If 
R3 drops early, the machine will 
lock in column 81. If the machine 
skips too far through a programmed 
skip to column 80, the machine will 
lock in column 82. R3 must hold 
until 180° of the OK notching cycle. 
The transfer number 2 points cause 

Rotate Bracket 
to Stop Levers 

Adjust Lever Bracket 

.020" Minimum Air Gap 

Strep 

Figure 2. Program Cam Contact Bracket Adjustment 
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an auto feed cycle after an OK 
card is notched. 

Number 2 N/C make at column 
87-1/2 to 88-1/2 so that a hold cir
cuit is available for R3. 

V E R I F I E R  D R I V E  
MANY of the drive unit adjustments 
differ from the Type 24; therefore, 
all of the unit adjustments are con
tained herein. 

Clutch Magnet 
1. With the magnet energized, 

position the rubber mounted arma
ture stop for .006" to .008" be
tween the armature and outer yoke. 

2. Form the armature spring to 
require a force of 140 to 160 grams 
to attract the armature, and to re
quire 75 to 150 grams to move the 
armature away from its pivot. The 
keeper at the pivot end of the arma
ture must not bind. 

3. With the armature attracted, 
pivot the magnet about its support 
bracket to obtain an unlatching 
clearance of .008" to .012" to the 
step on the sleeve. 

Index Pointer 
With the clutch detent back 

against the detent latch, position 
the index pointer at 345° ± 2°. 
Be sure the indicator clears the in
dex periphery. 

Clutch Spring and Collar 
1. Install the clutch adjusting 

collar against the side of the detent. 
2. Lubricate the clutch spring, 

and insert it under the collar against 
the shoulder on the shaft. Avoid 
scratching or marring the spring. 

3. Install the sleeve over the 
spring and engage the stud in the 
sleeve with the outer end of the 
spring. Rotate the sleeve clockwise 
to expand the spring and install 
the pulley. Install the retaining col
lar, and, when the pulley is pro
perly located inside the spring, the 
outer face of the collar will be 
flush with the end of the shaft. 

4. With the clutch sleeve latched 
on the armature, uncoil the spring 
within the sleeve, by means of the 
adjusting collar, until it is tight 
within the sleeve. Rotate the punch 
index to 348°, and lock the collar. 
When the index is turned by hand, 
there should be an overthrow of 

3° to 5° past 345" to permit the 
detent to drop in. 

Guide Comb and Bumper 
1. Position the interposer section 

of the verifying bail at its highest 
point of travel (between 234° and 
350°). Adjust the bumper down
ward toward the bail to give the 
error cam arms a firm seat on the 
bail without vertical play. 

The object of this adjustment is 
to provide a means of maintaining 
.003" minimum clearance for the 
interposers when they pass under 
the bail. 

Test this adjustment by placing 
the palm of the hand over all error 
cams while squeezing the verifying 
bail toward the error cam. Trip all 
magnet positions, and all the inter
posers should latch under the bail. 

When installing new error cam 
arms and when the above adjust
ment is being made, there must be 
.003" minimum clearance as the 
interposer latches under the bail. 

Interposer Magnet Unit 
The Type 56 interposer magnet 

unit assembly, P/N 227784, is the 
same type of unit used for the 
Type 24 drive units. The difference 
in knockoff bail timing is accom
plished by a different knockoff cam. 
All the coils in the assembly are 
of equal resistance (1800 ohms). 

1. This adjustment is only re
quired if an armature pivot strip 
is replaced. The two pivot strips are 
identical. 

a. Facing the armatures with 
the seven-coil side up, posi
tion the pivot strip 13/32" 
from its left end to the in
side of the yoke bracket. 

b. Position the lower pivot 
strip 5/32" from the inside 
of the left-hand yoke brac
ket. These two settings 
should center the armatures 
over their respective cores. 

2. The bottoms of the notches in 
the pivot strips should extend .028" 
to .030" beyond the yokes. 

3. There should be at least 1/8" 
free movement to the operating 
ends of the armatures, measured to 
the farther yoke. Form the pivot 
strip by lifting the end of the arma
ture when necessary. 

4. Form each armature to con
tact its core and both yokes with
in .005". 
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Interposer Magnet Assembly 
Positioning the magnet unit af

fects three interrelated adjustments: 
unlatching clearances; interposers 
relatching in their armature notches; 
and the knockoff bail. 

1. Install the magnet unit with 
reasonable unlatching clearance as 
a preliminary step. Make the screws 
friction tight and restore all but 
four interposers across the unit. 
While manually rotating the index 
clockwise, the unlatched interposers 
in their downward motion should 
start to enter their armature notches 
at 73° and all should be in their 
notches by 84°. The space inter
poser will vary from the above 
but may not be later than 90°. 

2. The heel of the latching end 
of interposers has been ground away 
to avoid contact with the opposite 
side of the notch in the armatures. 
The .025" to .030" clearance be
tween the heel of a tripped inter
poser to the back of the armature 
no longer applies to all machines. 

The actual unlatching clearance 
for the space interposer at the point 
of unlatching is .005" minimum, 
with .008" minimum clearance for 
all others. These clearances should 
result from adjusting the magnet 
unit for .040" to .050" armature 
travel with the interposers latched. 
Measure between the armature and 
yoke. 

3. Adjust the eccentric screw in 
the knockoff bail to cause the bail 
to meet an attracted armature at 
both ends of the unit between 355° 
and 2°. If the eccentricity is in
sufficient, inspect the cam follower 
for wear. It may be necessary to 
pivot the entire magnet unit about 
the armature latching point to bring 
the bail closer to the armatures. 

4. When an armature is at
tracted electrically, its spring should 
cause the armature to fall away 
from the core. If the armatures 
hang up when the pick circuit is 
broken, they should be replaced. 
The residual magnetism will cause 
excessive wear on the knockoff bail. 

High Speed CB's (V Cams) 
1. With the CB removed, shim 

for .027" to .032" air gap when the 
plunger rests on the CB frame. 

2. It should require 100 to 150 
grams to close the contacts when 
measured at the end of the opera
ting point. Replace weak straps. 

3. It should require 475 to 550 
grams pressure to close the contacts 
with .020" to .030" overtravel of 
the cam follower. Replace weak or 
worn cam followers and be sure the 
rollers are free. 

4. Obtain .017" to .023" air gap 
at the low cam dwell by means of 
the CB adjusting screw. Loosen the 
holding screw before adjusting. 

Interposer Bail Contacts 
Bail contact assemblies are ac

cessible by removing the master 
bed plate or the verifier drive unit 

1. With the contact assemblies 
removed from the drive unit, form 
the operating strap near the mount
ing to require 20 to 25 grams to 
close the contacts. The gram gage 
blade and the phenolic pad should 
overlap 1/4" when checking. 

2. Form the stationary contact 
strap to require 30 to 35 grams to 
raise it off its support. The forming 
should be within the area of the 
support strap to reflect a true con
dition. Form the strap for a point 
to point contact at the outer tip 
of the support. When properly ad
justed, a crack of light will appear 
at the tip of the support during 
measurement. A total of 50 to 60 
grams should be required to close 
the contacts and raise the stationary 
strap off the support. It is necessary 
that both front and rear contact 
assemblies are adjusted within 5 
grams of one another. 

3. Reinstall the contact assem
blies and adjust their mounting 
brackets for an air gap of .017" 
to .023" with all armatures restored. 

Verifier Drive Unit Timing Test 
Test the timing of the drive unit 

before readjustment. Sometimes 
only a slight change is necessary to 
correct a condition, and considerable 
time will be saved by avoiding un
necessary alterations. This adjust
ment corresponds to the punch 
penetration adjustment on the Type 
24 and is made with the adjusting 
screw in the anchor bar. 

Remove the notching assembly 
and test as follows: 

1. Hold a flat object over all the 
verifying pin openings and turn the 
index to 50°. Remove the object 
and the pins should remain latched 
°ut. . . _ . 

2. Turn the verifier shaft slowly 
and watch for the last pin to pop 
up between 180° and 195°. If the 
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Pivof Point 
for Drive Unit 
Adjustment 

Sensing Boil Drive link 

locknut 

Anchor Bar 

Adjusting Sere* 

Holding Screw 

Figure 3. Drive Unit Adjustment, Rear View 

machine docs not meet these tim
ings, remake the anchor bar ad
justment. 

Verifier Drive Unit Anchor Bar 
When the preceding test shows 

that the drive unit must be retimed, 
or when a new verifier drive unit is 
installed, the following procedure is 
recommended: 

1. Remove the notching base 
(assembly above the bed at the 
verifying station). 

2. Loosen the sensing-bail drive-
link screws. 

3. Loosen the two support screws 
in the anchor bar. 

At this point, the lock nut and 

-012" to .018" 

30 »o AO Groms 
»o Break Contact—» 

25 to AS Gran 
to Lift Strap 
off Support 

Figure 4. Error Contact 
Adjustment 

holding screws can be loosened and 
small adjustments made with the 
adjusting screw to obtain the cor
rect timing (Figure 3). Remake the 
notch drive link adjustment, tighten 
the drive unit support screws lightly, 
and extend the bail drive links. 

Ii a new unit is being installed, 
continue with step 4, etc. 

4. After installing the unit and 
the anchor bar, back off the adjust
ing screw about two turns. 

Hold a flat object over the 
verifying pins while turning the 
machine by hand to about 70° of 
the verifier index. Remove the flat 
object and the pins should stay 
latched down. 

6. Turn the index to 190° and 
hold it there. Turn in on the adjust
ing screw until the last pin has 
snapped up; then tighten the hold
ing screw. Turn the machine 
through a cycle, again latching out 
the pins to be sure the adjustment 
has not changed. Remake the notch 
drive link adjustment, tighten the 
two support screws lightly against 
the side frames, and extend the 
bail drive links. Tighten the ad
justing screw lock nut to avoid 
readjustment if the drive unit is 
removed. 

Error Contact Assembly 
1. Form the operating point sup

port spring to require 30 to 40 
grams to break the N/C contacts. 
Measure at the arrow shown in 
Figure 4. 
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2. Form the stiffener spring to 
require 25 to 45 grams to lift the 
N/O contact off its support. 

The two steel contact straps and 
the center stiffener spring can be 
removed or lined up by loosening 
the holding screws in that area. 

V E R I F Y I N G  F R A M E  

Verifying Frame Removal 
IT is advisable to insert a blank 
card between the verifying frame 
and the notching base when hand
ling the unit. If this precaution is 
not taken, the bottom of the pin 
drivers will leave the guide, and 
considerable time will be lost re
placing them. 

The verifying pin latches must 
pivot freely on the pin drivers. Set 
all the latches on the second step 
of the pin latch stop (Figure 5) to 
hold the drivers in their guides for 
the next step. Position the retainer 
for a clearance of .002" to the 
closest pin drivers. The drivers must 
not bind. 

When reinstalling the verifying 
frame, be sure the pin latches are 
straight up and down. It is possible 
to bump the lands on the pin 
drivers and pull them low enough 
to allow them to slip under the pin 
latch guide. If this should happen, 
those positions will not verify. Be 
sure to check this condition before 
replacing the bed plate. 

Always place a blank card in the 
verifying position before removing 
the verifying frame to keep the pin 
drivers from rising out of their 
lower guide. 

1- Turn the verifier index to 
100° for the maximum rise of the 
verifying bail to clear the pin 
drivers. 

2. Remove the following: eject 
unit, pressure rail covers, master 
bed plate, and the notch drive link 
from its cam follower arm. 

3. Hold the notching base on 
the verifying frame and extract the 
four mounting screws. Keep the 
card in place and swing the bottom 
°u t'1C ^rame to the right to clear 
the bail. Lift the units out of the 
base. Lift out the eject pins, which 
are interchangeable. 

When reversing the procedure to 
install the verifying frame, place a 
blank card between the units to 
keep the pin drivers in place. The 

TYPE 56 7 

Figure 5. Verifying Frame 
Adjustment 

chip tubes must be tight against 
the bottom of the dies to avoid 
chip jams. Close the top loop of 
the plunger spring to make it stay 
on the plunger. When replacing the 
plastic card bed, keep the right end 
as close to the top rail as possible 
to prevent cards from catching. 

n o t c h i n g  

NOTCHING punches and dies have 
the same limitations that any other-
dies and strippers have. The 
punches are selected to fit; there
fore, they are not interchangeable. 
Machines prior to the AP suffix 
contain punches .141" in diameter 
which are obsolete. To date, -109 
punches are being used, of which 
the OK punch is offset. Parts are 
not stocked for the large punch 
styles. If replacements are needed 
for the large punches and linkage, 
the entire notching base and veri
fying frame (308654) should be 
replaced. 

Notch Drive Magnet 
Energizing the notch drive mag

net eliminates the action of the 
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Notah Drive Armoture 

A. 

Contacts of All Three Points 

75 to 150 Grams 

006* to .008" 

Form Spring for Gram Tension 18̂  Suppress Arm 

Notch Drive Arm 

Adjust for Clearance to 
Notch Drive Arm 
and Suppress Arm 

Figure 6. Notch Drive Magnet Adjustment 

suppress arm, and the cam follower 
rides into the low dwell to cause 
notching. Faulty adjustment of the 
eccentric screw in the suppress arm 
can cause failure to suppress error 
notching or can prevent error 
notching when notching is desired. 
The eccentric screw (228369) is 
the same as the part used on the 
Type 26. 

1. Form the notch drive arma
ture so that a straight edge will 
contact the three points shown in 
Figure 6A. 

2. The armature should be free 
to move across the yokes and must 
not bind in the armature retainer. 
Lubricate the pivot point of the 
armature where it slides on the 
lower yoke with IBM 22. 

3'» ^here should be .006" to 
•008" air gap at the core with the 
armature attracted. If it is neces
sary to shim the core, use .003" 
steel shims (305271). 

4. Position the armature retainer 
on the yoke opposite the interposer 
block for maximum armature travel 
without binds. 

5. Position the entire magnet 
mn>'v a clearance of .008" to 
'3 betw!e" the armature at rest 

d the end of the suppress arm; at 
the same time there must be a 
clearance of .003" to .005" between 
tureTnuTr" kl°ck °n the arma" 

tdhiVdarm ^^Eve^time 

checked. It may be necessary t 
move the suppress arm to perforr 
step 5. 

Notch Suppression 
The high side of the eccentri 

bushing on the back end of th 
verifier cam shaft contains a groov 
which should line up with the marl 
near the center of the low dwell o 
the notch drive cam. The left-ham 
threaded screw in the end of th< 
shaft must be loosened to positior 
the bushing. 
.,T"P 1116 verifier clutch and turr 
the drive unit index to 245° (Figure 
v ^dLust *^lc eccentric screw ir 

the suppress arm for .010" to .012" 
clearance to the interposer block on 
the armature. 

When loosening or tightening the 
screw m the end of the shaft, take 
precaution to avoid damaging the 
clutch spring on the other end of 
. e shaft. Each time the drive unit 
is readjusted by the screw in the 
anchor bar, this adjustment must 
be checked. 

Last Column Notch Solenoid 
. Round embosses or OK punches 
in the middle of the card are caused 
by a worn punch interposer bar or 
tt SAn°ld p,un£er travels may be 

ott. The punch usually appears 
about 3 columns to the right of 
the column that should have been 
error notched. 

necessary to remove the 
notching base cover to adjust the 
solenoid. The position of the 
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Eccentric Screw 

Figure 7. Notch Suppression Adjustment 

plunger controls the operation 
of the notching punch interposer. 
Loosen the solenoid mounting 
screws and attract the plunger until 
it seats against its rubber mounted 
stop. Take up the play in the link
age of the interposer bar toward the 
front of the machine and position 
the magnet bracket vertically for 
.003" clearance between the error 
punch and interposer bar (Figure 8). 

2. Form the stationary contact 
support for a minimum air gap of 

.025" and a minimum rise after 
making of .025". 

Notch Drive Link 
On every clutch cycle that doesn't 

cause notching, the punches are 
driven upward by the suppress arm, 
armature block, and eccentric bush
ing. Since the punch motion is op
posite to the direction for notching, 
a clearance must be provided by 
adjustment. It is always advisable 
to check the upward punch clear-

Figure 8. Last Column Notch Solenoid Adjustment 

Interpose Bor 

•" Play All Taken Up 
in this Direction 
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ance each time the verifier drive 
unit is adjusted at the anchor bar. 

1. With the verifier clutch 
latched, unhook the notch drive link 
and lift the notch lever arm to 
make both punches seat on the 
cover. With the punches held thus, 
adjust the notch drive link until 
the bottom stud passes freely into 
the hole in the notch drive arm. 

2. Shorten the link 1/4 turn 
for the suppression clearance, and 
test the machine. If any additional 
travel is needed, shorten the link 
by 1/4 turns, but do not exceed 
a total of 3/4 turn. 

Keyboards 
Latch contacts with insufficient 

air gap may cause false error lights. 
Be careful not to rest the keyboard 
on anything that will bend the bot
tom cover against the contacts. 

Notching Contact 
Machines wired to the D suffix 

and later do not have a notching 
contact. Many earlier models will 
have had it removed. On machines 
still using the contact, set the 
notching contacts as follows: 

Trip the verifier clutch and the 
notch drive magnet. Turn the veri
fier index to 34° and form the 
notching contact support strap to 
make the contact between 34° and 
38 . Latch up the clutch and set 
the contacts for an air gap of .025". 

S E R V I C I N G  H I N T S  
The following outline is provided 

to assist in diagnosis of certain 
machine conditions which often 
prove difficult when they are en
countered for the first time. 
False Error Lights through escapement 
failures. 

Possible causes: 
A. Interposer bail contact pres

sure or gap 
B. Interposer armature 

1. Failing to trip off-drag 
2. Steel of high permeability 
3. Knockoff bail worn 

C. Friction drive torque 
1. Low torque, card moves 

slowly. Reading attempted 
before card stops moving. 

2. Heavy torque, escape arma
ture fails to pull out of 
tooth. Operating pin closes 
escape contact so same col
umn is verified. 

3. Oil off gears or from the 

reduction drive getting on 
friction drive. 
Insert a card between faces 
of disc and run until the 
card comes out nearly clean. 
Clean all parts before in
stallation. 

D. Program Drum 
1. Card held loosely. 
2. Break of field definition 

late causing skipping too 
far. 

E. Tube or chassis failures. 
F. Excessive clutch overthrow-

double spacing. 
False Error Lights through verifying 
failures. 

Possible causes: 
A. Clearance to pin latch block 

causing nipping or failure to 
latch out pin drivers. 

B. Anchor bar adjustment af
fecting pin driver travel. 

C. Cards catching between up
per rail and master bed plate. 

D. Pin sensing failures resulting 
from registration failure. 

E. Relay 5 slow to drop out 
causes an extra cycle after 
notching. 

F. Relay 5 slow to seal. Relay 
5BL fails to break the circuit 
through error contacts during 
first column of auto-verifica
tion. 

False Error Lights through clutch failures. 
Possible causes: 
A. Clutch sleeve pin missing. 
B. Broken clutch detent. 
C. Clutch armature spring ten

sion. 
D. Excessive clutch overthrow. 
E. Tube or chassis failure. 

False Error Lights through error contact 
failures. 

Possible causes: 
A. N / C  contacts fail to pickR43. 

Next column would appear in 
error. 

B. N / O  gap too close 
False Error Lights through keyboard and 
miscellaneous causes: 

A. Latch contacts so close they 
bounce closed. 

B. Burned keyboard bail contact 
may cause only one of two 
magnets to be energized. Ad
just restoring bail contact to 
take the arc. 

Drum Skipping failures 
A. Drum stops in column 82, 

fails to notch and continues 
to auto-feed. If a program 
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card is punched to skip the 
last field and the card is off 
register, worn, or improperly 
installed, it may cause the 
drum to stop at column 82. 
Be sure the 12 contact drops 
out the escapement on 1/3 
tooth when the field defini
tion breaks. 

B. Drum stops in column 82 
with R22 energized. If R22 
has a slow drop out, relay 
25 fails to pick in column 81 
and one more escapement 
takes place. The extra escape
ment drops R3 making it im
possible to take a clutch cycle 
to drop R22. Replace R22. 

C. Drum attempts to skip be
fore or during OK notching 
on machines with D, E or F 
suffix. 
Solution: R46 picks on the 
wrong cycle because the over
lap of the make of V4 and 
the break of V5 permits the 
pick of R48 and R46 during 
the same cycle. Retime V4 
to make at 132° and V5 to 
break at 138°. 

L U B R I C A T I O N  
R E Q U I R E M E N T S  

This lubrication outline is based 
upon 40 hours per week usage and 
average working conditions. It is 
presented as a guide that can ^ be 
varied in frequency to meet indivi
dual machine requirements. 

A code number is assigned to 
each unit to simplify the chart. To 
find each item affected on a unit, 
the verifier drive for example, refer 
to each item labeled 2. The com
plete code list follows: 

1—-Verifying frame and notching 
2—Verifier drive unit 
3—Eject and pin sense 
4—Program 
5—Card feed 
6—Stacker 
7—Mechanical drive 
For keyboards, see Figure 30 of 

the Type 24-26 Reference Manual. 
IBA\ 6, 3 MONTH PERIOD 

1—Eccentric bearing and eccen
tric adjusting screw in the notch 
suppress arm. 

2—a. Cam follower rollers 
b. CB rollers (be sure they 

are free). 
IBM 6, 6 MONTH PERIOD 

1—Notching punch lever pivots. 

1—Notching bell crank. 
1—Punch interposer bar and 

punches (keep solenoid plun-
ger dry). 

1—Verifying pin latch pivots, 
sparingly. 

2 Notch drive cam follower. 
2 Error cam pivots and guide 

comb, sparingly. 
2—Interposer pivots and felt 

washers. # 
3—pin sensing bail shaft bear-

ings. Saturate wicks by re
moving eject unit and using 
air holes in the moulding. 

3—Pin bail arm stud. 
4 Star wheel pivots, sparingly. 
5 CF circuit breakers. 

IBM 6, YEARLY PERIOD 
3 Eject unit mechanism. 
5 Card feed knife linkage. 
6—Stacker gripper block pivots. 
7—Drive motor. 

IBM 22, 3 MONTH PERIOD 
2 Notch drive armature block. 
2 Verifier clutch spring, at least 

every 3 months. Wipe off ex
cess. More frequent greasing 
is necessary if the clutch be
comes noisy. 

2 Knockoff bail cam follower. 
2 Pin sensing bail drive link 

stud. 
IBM 22, 6 MONTH PERIOD 

1 Notch drive link, both ends. 
1—Sliding surfaces of the pm 

drivers and latch springs. 
2 Rear mounting plug grease 

fitting. . . . , _, 
2 Error cams at pm driver lands. 
2—Verifying bail, thin film. 
2 Notch drive spring loops. 
2 Notch drive armature at yoke 

ends. . . . 
2 Interposers at latching points 

and bails. 
5—Card feed steel pressure roll 

pivots. 

IBM 22, YEARLY PERIOD 
1 Pressure roll release pin ends. 
4—Program cam. 
5 CF clutch, card pusher cam, 

card stop cam. 
6—stacker gripper cams, gears, 

and followers. 
7 Escapement armature at pivot 

end. . 
7—Reduction drive housing. Keep 

grease 1/4" above the con
tact points of the grease whf -
the housing is held in oper 
ting position. 
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Feed Hoppers 

Position the front and rear hopper side plates so the holes in the card are 
aligned with the brushes and there is a .005" to .008" clearance over the length 
of the cards. 

Position the hopper posts by adding or removing shims to obtain a .005" to 
.008 clearance over the width of the cards. 

Feed Knives 

The feed knife pivot screws should be adjusted so the feed knives travel 
.020 to .040" beyond the right or "12" edge of the card. Be sure the feed knives 
are square with the first set of feed rolls. 

Feed Knife Guides 

bindsAdjUSt the feed knife Suides for minimum sideplay without causing any 

Card Guides 

Card guides are set for .020" clearance between the guides. The ends of 
the guides should clear the contact rolls by not less than .005". 

Feed Rolls 

Adjust all floating feed rolls for even tension over the entire length. Primary 
and secondary rolls are equipped with adjustable plungers; remaining rolls are 
equipped with pull springs. 

Brushes 

The brush unit assemblies should be checked for a minimum end-shake 
between the side frames at the pivot rod. 
.u uVS<t P,rUS,h se"in§ J'g 454090 to set the brushes for a lVs" projection from 
the brush block to the toe of the brush; this should provide a '/>" projection above 
the card line. If necessary, holes for the brush holder locating block may be 
elongated to secure a Va " projection. Use brush adjusting glass 450388 to position 
the brushes usmg scribed line farthest from the 90 bend. 

Position the brush separator rolls so the distance from the inside of the 
s/°"'ml?6 frame.to the front edSe °f the #1 brush groove in the separator roll is 
/a . This may be obtamed by driving the bronze bearings in the separator roll 

bearing brackets in or out Align the brushes to the middle of the brush separator 
roll slots by adjusting the brush block lateral aligning screws. 

For the earlier machmes not equipped with aligning screws, the adjustment 
is obtamed by filing one end of the brush block and placing shims between the 
other end of the brush block and the side frame. In either case, it will be neces-
sary to align individual brushes with the three-group brush bending tool. 

Shift the hopper side plates so that one set of brushes tracks through the 
center of the hole in card. If necessary to re-align other set of brushes be sure 
the brush separator roll is adjusted along with the brush block assembly. 

Rotate the picker knife cam on its shaft to cause the primary brushes to 
make through the hole in the card not later than 30 before the corresponding line 
of the index and break not earlier than 12° after the line of index. Repeat for 
secondary brushes. To obtain the correct timing for primary sequence brushes 
adjust the brush block assembly. It is suggested that a dynamic timer be used 
when timing the brushes to obtain the best possible condition. Check columns at 
both ends of card using 1, 5 and 9 time. 

Chute Blades 

Ui J Ch?t?i blad.es should be shaped to provide sufficient tension to cause the 
blade to follow the select shoe. Form the blades so the tips of the secondary blades 
are 1 16 above the card line and the tip of the primary blade is 1 '16" below 
the card line when the select shoe is latched in normal position. When the select 
shoe is unlatched, tips of the secondary blades should be 1/16" below the card 
line and the primary blade 1/16" above the card line. 

2 
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Pocket Selection Magnets 

1. Adjust this screw so 
shoulder stops armature for 
.015" unlatching clearance. 
This should provide .003" 
to .012" clearance between 
armature and core. 

2 .  Adjust these backstop 
screws so that select shoe 
latch projects .005" beyond 
thickness of armature. 

3 .  Loosen mounting screws 
and move magnet assembly 
up or down to provide .010 " 
to .020" relatching clear-

r"~i r"n 

Primary and Secondary Clutches 

1 .  Set adjusting screw 
.010" to .015" unlatching 
clearance. The pawl must 
not trip later than 220°. 
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r^n 

2. Position armature 
horizontally for .005" to 
008 " armature relatch clear

ance when in extreme 
cammed position. 

u/ 

verti
cally for .020" to .025" 
overlap with magnet de-
energized. 

Loosen mounting screws and position magnet verti-
to provide .008" unlatching clearance and .003"' 

clearance between armature and core nearer pivot point. 
This adjustment should result in .025" air gap between 
the armature and core farther from the pivot point with 
armature in de-energized position. 

5. Adjust knockoff screw 
—for .010" to .012" clear

ance with armature in ex
treme cammed position. 
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Eject Clutch Assembly 
The eject clutch one-tooth ratchet is timed to engage the pawl at 235° +2°. 

The adjustments are as follows: 

1. Loosen these screws and adjust arma
ture horizontally for .010" clearance 
between latch and armature when the 
eject clutch gear knockoff block fully 
operates against the clutch arm 
This should result in .015" to .025" , 
unlatching clearance when the magnet is 
energized. 

2. Loosen screws and ad
just armature vertically for 
.025" overlap. 

3. Loosen these screws and 
"shift magnet coil assembly 
for .030" clearance when de-
energized and .003" 
ance when energized. 

This should pro
vide an unlatching 
clearance of .008" 
to .012". 

l—nj LrvJ 

DE-ENERGIZED ENERGIZED 
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4. Peen or stone keeper for 
-.002" to .003" clearance. 

5. Adjust this screw for 
.003" to .005" clearance. 

Magnet Armature Knockoff 

Selector and Sequence Unit 

1. Form individual armatures for .003" 
to .005" clearance between armature and 
core nearer pivot point when armature 
is attracted. 

2. Locate magnet assembly mounting 
brackets to provide .004" to .010' un
latching clearance. 

3. Adjust restoring magnet mounting 
bracket for .005" to .010" relatching 
clearance on high dwell of knockoff cam. 

4. Form knockoff arm for .002" to .006" 
clearance between knockoff and armature 
on restoring magnet when knockoff is on 
high dwell of knockoff cam. 

m 
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This should result in a 
relatching clearance of 
.010" to .014" 

5. Move individual magnets 
to front or rear to provide 

" to .012" clearance be
tween stop pawls and setup 
ratchet teeth with stop pawls 
latched on armature. 

6. To time the unit to the machine: Turn the restoring 
bail adjusting screws so they project through the bail 
approximately &" at the point where the screw bears 
against the cam follower. Set unit on support bars. In
stall holding screws and turn them in just far enough to 
hold unit without meshing gears. Set the machine at 8 
(18°) on the index. Trip the restoring magnet armature 
and turn the unit drive gear clockwise until the stop 
pawls overlap the 9 tooth of the setup ratchets approxi
mately .030" to .040". Be sure the ratchets are travelling 
from the 9 toward the 0 position. Mesh the unit gear 
with the continuously running shaft gear and install 
the two holding screws. 

032" 

Restoring Bail 

Adjusting 
Eccentric 

Pivot 

Screw 

7. The outer restoring bail adjust
ing screws are accessible with the 
unit on the machine and should 
now be adjusted for an even over
lap of .030" to .040" of the stop 
pawls to the setup ratchet teeth at 
a line on the index. (Complete 
adjustments 8 and 9, then perform 
adjustment 10 on the next page.) 
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8 Position right-hand unit adjusting 
"screw f<a..002" lash of the drive gears. 
Tighten^right-hand support screw. Ad
just left-hand screw until it just touches 
support bar and tighten support screw. 
This is to prevent warping the unit. 

9. Remove the unit from the machine and 
adjust the lower restoring bail adjusting 
screws as in paragraph 6 above, using the 
upper half of the unit as a guide. Check 
by tripping stop pawls 1 and 16, upper 
and lower, and noting that they drop 
into the setup ratchet teeth at the same 
time on the restoring part of the cycle. 
Reinstall the unit on the machine. 

10. Adjust restoring latch bail pawl ec
centric pivot for .024" to .032" clearance 
to restoring magnet pawl, (see large 
illustration, page 7). Check for at least 
".010" clearance of restoring bail to setup 
ratchets when restoring pawl is against 
its latch. 

to 

11. When the restoring bails are resting 
against the cam followers on the low dwell 
of the cam, adjust the armature knockoff 
bail eccentric adjusting studs so that the 
armatures will have .002" to .006" mo\e-
ment. Both sides of the unit should be 
cleared to zero before starting to check 
this adjustment. Check one side of the 
unit at a time by turning the machine by 
hand and tripping all stop pawls. This 
provides the greatest load on the restoring 
bail spring. 

12. Oil groove in setup ratchet shaft should be 45 off center 
prevent loose fit of differential guide plate on shaft. 
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Contact Assembly 

1. Set the adjustment bushings for 19 64" 
clearance between mounting pads on side 
frames and outer surface of contact mount
ing bar. Adjust any one bushing to remove 
any rock. 

2. With ones in lower section of unit, and 
upper section cleared to zero, adjust lower 
N/C contact support straps until center 
s t r a p s  c o m e  a g a i n s t  c a m  l o b e s  a n d  N  C  
contacts open .001" to .003". 

3. Clear lower reading and put ones in 
upper side of unit. Adjust upper N/C con
tact support straps until center straps come 
against cam lobes and N/O contacts open 
.001" to .003". 

4. With both sides of unit cleared to zero, 
back out adjustment bushings evenly to 
bring center straps as close as possible to 
cam lobes without exerting pressure on the 

5. Remove contact unit and place hori
z o n t a l  w i t h  N  C  s t r a p s  u p .  A d j u s t  N  O  
strap tension for 15 to 25 grams tension 
against support. Use contact bending tool as 
a weight to check adjustment. It should just 
move N/'O strap away from its support. 

6. With contact unit horizontal and N/C 
straps up, adjust center strap tension so it 
just pulls away from N/C contact with 
weight of contact bending tool. N/C strap 
should have just a perceptible rise from its 
support under tension of center strap. 

BUSHING 

NORMALLY OPEN 
CONTACT JUST MOVED 

FROM SUPPORT STRAP 
BY WEIGHT OF TOOL 

BAND 

BENDING 
TOOL 
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7. Wire test light as shown using a neon bulb. Adjust each contact position by 
bending N o support strap until light just blinks out when center strap goes from 
N/C to N O strap. Obtain smallest possible center strap motion with light out. 

8. Remove jumpers and test light leads and recheck for no strap pressure on 
cam lobes with unit at zero reading. To check for this condition have machine idle 
under power and trip one side of each unit at a time. If there is an appreciable 
movement of the center strap on the side of the unit where the contacts are not 
transferring, it is a sign of strap pressure on cam lobes at zero reading. When this 
check indicates an incorrect adjustment, the contacts for that position should be 
adjusted individually on the machine by bending the N c support strap until 
contact pressure is relieved with zero reading in both sides. 
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9. Check visually for a minimum of .020" air gap between N c points with 
zeroes in one side of the unit and ones in the other. Reverse zero, one readings 
and check other side. If this adjustment cannot be obtained, it is an indication 
of lost motion due to wear of the linkage. A check should be made of the parts 
affected in any position where this adjustment cannot be obtained and the worn 
parts replaced. 

x> 

Circuit Breakers 

1. Clean points. 
2. Loosen screws A and align contact points so that full contact area is used. 
3. Loosen locknut C and adjust screw B for correct air gap. There are 40 

threads per inch on contact screw, giving .025" movement for each turn. Air gap of 
CB's 1, 2, 3 and 4 is .025". On all others the air gap may vary from .012" to .040" 
to obtain the correct contact duration. 

4. Form at E so that contact surfaces meet squarely. 
5. Loosen screws D and turn cam to obtain proper timing as given on electrical 

timing chart supplied with each machine. 

L U B R I C A T I O N  

The following list indicates the lubricants to be used at various points on the 
machine. 

IBM 6 

Feed knife slides 
Select magnet armature pivot 
Relay armature pivot 
Selector unit 

Setup ratchet pivot shaft oil well 
and felt wick 

Stop pawl pivots 
Studs on differential link and guide 

plate (follow with No. 17) 
Restoring magnet knockoff cam fol

lower rollers (follow with No. 17) 

Contact roll oil wells 
Clutch latch lever pivots 
CB cam lever pivots 

Pawl pivots 
Clutch knockoff lever pivots 
High speed contact rolls 
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IBM 9 

Motor and generator bearings 

Control panel frame pivot points 

All oilite bearings 
Feed roll bearings 

IBM 17 

All feed roll drive gears and idlers 

Variable speed cam 

Drive pulley bearing 

Feed knife cam follower guide and 
roller 

CB cam rollers 

Selector unit cams 

Selector unit restoring bail spring stud 

IBM 21 

Thrust bearings on ends of primary and 
secondary feed shafts 

Feed roll pressure shoes 

Feed roll bearing pivots in brush as
sembly side plates 

Remove screw in 1st lower CR 
(hollow) feed roll and lubricate eject 
clutch drive shaft 

Clutch knockoff cam follower rollers 

Restoring magnet knockoff cam fol
lowers 

Sentinel switch points 

Differential link studs 

Thin film on: all linen dilecto cams and 
gears; all primary and secondary 
commutators; linen dilecto card levers 
at the point where they operate 
against the contact strap 

Clutch magnet armature at latching 
point 

Repacking matched bearings on feed 
rolls 

P U R P O S E S  O F  R E L A Y  P O I N T S  ( P r i n t  N u m b e r  2 9 5 5 7 7 )  

RIAL N/C, with R15BU and R13BL N/O, established a test circuit for the con
tinuation of operation for another cycle if cards are in the primary hopper. 
RIAL N/O; with R3BU and R13BL N/C, shunt out the primary card lever 
controls when the secondary feed is being used alone. 

R1AU, with R12BU, permits the energization of R17 for three cycles through 
R51BU when using the primary feed. After the three run-in cycles this circuit 
is disabled. 

R1BL, with R3BL, prevents energization of R21 when there are no cards in either 
feed hopper, if the run-out key is depressed. 

R1BU, with R3AL N/O and R9A N/C, shunts out the secondary card lever 
controls when the primary feed is being used alone. 

R2AL, when N/C, permits a circuit to the primary feed clutch magnet and relay 
HS3 when cards are in the primary hopper. It should be noted that there are 
four card lever control contacts, one of which must be closed in order to ener
gize the primary feed clutch magnet It should be noted also that there are four 
card positions in the primary feed, so that it is necessary to have a card in one 
of these positions in order to operate the primary feed. 

R2AU, with R7B N c and R6B N/C, permits the hot 9 circuits to be completed 
only during run-out cycles, and prevents the hot 9 circuit during run-in cycles. 

R2B, when closed, permits the automatic run-in circuits to be completed to the 
primary feed clutch and the secondary feed clutch. It prevents the completion 
of these circuits in the event the secondary feed is being used alone. 

R3AL N/C operates in conjunction with R9A N/O as a test circuit for continuation 
of operation for another cycle, if cards are in the secondary hopper. R3AL 
N/O, with R1BU and R9A N C shunt out the secondary card lever controls 
when the primary feed is being used alone. 



R E F E R E N C E  M A N U A L  7 7  C O L L A T O R  1 3  

R3AU, with R8B, permits energization of R17 for two cycles by means of the 
start key when using the secondary feed. 

R3BL, with R1BL, prevents energization of R21 if the run-out key is depressed 
when there are no cards in either hopper. 

R3BU, with RIAL N/O and R13B N/C, shunts out primary card lever controls 
when the secondary feed is being used alone. 

R4A, when closed, permits a circuit to the secondary feed clutch magnet when 
cards are inserted in the secondary hopper. It operates in conjunction with 
the other two card-station contacts so that the secondary feed can operate only 
if cards are in one of the three positions in that feed. 

R4B allows the hot 9 circuit to be completed to the secondary brushes only during 
run-out cycles. It prevents the hot 9 circuit from being completed during run-in 
cycles with cards in the secondary hopper. 

R5A permits the circuit breaker impulses to feed the secondary contact roll only 
when cards are passing the secondary brush station. 

R5B picks R8 and R9 when secondary CB2 makes. 
R6A picks R12 and R13 when primary CB2 makes. 
R6B N  o permits the circuit breaker impulses to feed the primary contact roll only 

when cards are passing the primary brush station. R6B N/C, with R2AU, 
permits the hot 9 circuit to be completed after the last card leaves the primary 
brushes, and when open, prevents impulses from the circuit breakers being 
sent to the primary sequence brushes when last card passes primary brushes. 

R7A picks R14 and R15 when primary CB2 makes. 
R7B N/O, permits the circuit breaker impulses to be delivered to the primary 

sequence brushes only when cards pass the primary sequence brush station. 
R7B N/C, with R2AU, permits the hot 9 circuit to be completed to the primary 
sequence brushes after the last card leaves that station, and when open prevents 
circuit breaker impulses from being sent to the primary brushes when the first 
card passes the primary sequence brushes. 

R8AL, in conjunction with CR8, picks feed interlock R20, after the last card has 
left the secondary feed. When open, while cards are feeding, it prevents ener
gization of this feed interlock relay. 

R8AU holds R8 and R9. 
R8B, with R3AU, permits energization of R17 for only two cycles, through 

operation of the start key, when using the secondary feed alone. 
R9A N/C, with R1BU and R3AL N/O, permits the CR7 test circuit to be com

pleted to R17 when the primary feed is being used alone. R9A N/O, with 
R3AL N/C, establishes a test circuit for continuation of operation for another 
cycle, if cards are in the secondary brush station. 

R9B N c establishes the circuit to the secondary feed magnets for the first two 
cycles when cards are in the secondary feed hopper at the beginning of a run, 
regardless of control panel wiring or basic set-up switch arrangement. This 
insures feeding the first card past the secondary brushes. R9B N/O establishes 
a circuit to the secondary feed clutch magnet at any time that a card is in a 
position just past the secondary brushes. 

R10AL holds RIO. 
R10B and R11B are transfer points which make or break a circuit between the 

common, X and NO-X hubs of the secondary and primary X selectors re
spectively. 

R11AL holds Rll. 
R12AL permits a circuit through the basic set-up switch E and the primary eject 

hubs to be completed to the eject feed clutch magnet only if a card is at the 
eject station. 

R12AU N/C permits a circuit to the primary feed clutch for three cycles when first 
starting a run of cards. At the end of the third cycle this contact opens; there
after, the energization of the primary feed clutch magnet is under the control 
of the basic set-up switch P or auxiliary wiring to the primary feed hubs. 
R12AU N/O completes a circuit to the primary feed magnet at any time when 
a card is in the eject station. 

R12BL, with R14AL, picks feed interlock relay 20 after the last card leaves the 
primary feed. 

R12BU, with R1AU, permits energization of R17 for only three cycles through 
operation of the start key when using the primary feed. 

R13AL holds R12 and R13. 
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R13AU, with R14BU, provides a circuit for running cards out of the secondary 
feed during operations in which the secondary operates from conditions es
tablished between the primary and primary sequence brushes. An example of 
this type of operation would be feeding a blank card ahead of each primary 
group, in which case the secondary feed is operated by a high second primary 
reading in the sequence unit. After the last card leaves the primary feed, 
it is impossible to secure a high second primary reading; thereafter, R13AU 
and R14BU are used to feed the secondary clutch. 

R13B N / C , with R3BU and RIAL N  o, completes the CR7 test circuit when 
there are no cards in the primary feed. R13B N o, with R15BU and RIAL 
N/C establish the CR7 test circuit when cards are feeding in the primary feed. 

R14AL, with R12BL, prevents energization of the feed interlock relay during the 
third cycle of the primary feed. It permits CR8 to complete a circuit to R20 
after the cards have left the last station of the primary feed. 

R14AU permits a circuit to the primary feed clutch magnet when a card has just 
passed the primary sequence brushes, thus it will provide a circuit to the 
primary clutch in case a single card is being passed through the primary feed. 

R14BL opens during the second cycle of the primary feed and prevents energization 
of unit clearing relays 18 and 19, on the third cycle. This is necessary because 
the secondary feed is not operating on the third cycle of the primary, and the 
secondary restoring magnet should not be energized. 

R14BU is discussed with R13AU. 
R15A N  c permits an equal reading in the selector unit to operate the secondary 

feed clutch magnet after the last card passes the primary sequence brushes. 
This is necessary in the event that the last card in the primary feed is punched 
9's, which condition would eliminate the high second primary condition and 
cause an equal second primary reading to open R26B points as the last card 
passes the primary brushes. The N/O points permit an equal condition in the 
sequence unit and an equal condition in the selector unit to operate the primary 
feed clutch normally. 

R15BL holds R14 and R15. 
R15BU operates with RIAL N / C  and R13B N  o to establish the CR7 test circuit 

when cards are present in the primary feed. 
R16AL holds cycle delay relay 16 (P) coil through R49B during the time that CR5 

is open. 
R16AU holds cycle delay relay 16 (H2) coil until past the pickup time of R49 to 

prevent R49B from arcing. 
R16BL operates to transfer the circuit from the C and N hub to the C and X hub 

when the cycle delay relay is energized. 
R16BU holds R16 pick coil during the time when R33 has dropped out and R49B 

may still be open from a drop-out impulse received during the previous cycle. 
R17AL holds R17 and R50 during the time CR7 is made. 
R17AU holds R17 and R50 during the time CR6 is made. These two cam timings 

overlap to provide a continuously running circuit. 
R17B controls all circuits to the feed clutch magnets, unit restoring magnets, and 

plug to C hubs, allowing them to be completed only when start relay 17 is 
energized. 

R18A prevents the pick of restoring interlock R21 until the third cycle of the 
machine, as this contact does not make until after CR1 makes and breaks for 
the second cycle even though the hopper contact may close. 

R18B holds R18 and R19 in parallel withR17 during the first two machine cycles. 
R19AL, AU, and B insure the clearing of the comparing units at the beginning of a 

run, as they are made for the first two cycles. This is required in applications 
where a selected impulse is used to restore any unit. For example, if a standard 
collating job follows a multiple column selection job with a finder card, a read
ing will remain in the unit from the previous finder card operation. This reading 
must be removed before the next operation. 

R20A and R20B, when R20 is energized, connect the three readings from the 
selector unit together so that any one of the three readings will energize the 
low primary R22 and the low secondary R24; thus all cards will be selected 
after the last card leaves either feed. This is necessary to effect the selection 
of any cards punched 9's because the false 9 entered into one half of the 
unit would compare as an equal with a 9 punched in a card if R20 points were 
not in the circuit. Selection of any card other than a 9 card could be effected 
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by a low reading, caused when the hot 9 circuit functions in the opposite feed. 
R21A holds R21 once it has been energized, until the runout key is depressed. 
R21B renders the start key ineffective after the run-in cycles. If, during a run, a 

jam occurs at one of the reading stations and opens a card lever, it is necessary 
to depress the run-out key. 

R22A causes the eject clutch to operate on a low primary condition in the selector 
unit when the basic set-up switches are ON. 

R22B causes the primary feed magnet and associated circuits to be energized on a 
low primary reading in the selector unit when the basic set-up switches are ON. 

R23A causes the eject clutch magnet to be energized on an equal condition in the 
selector unit when the basic set-up switches are ON. It should be noted that 
this point also operates the primary clutch on an equal condition when the 
M. S. & S. switch is OFF. 

R23B, with R15A N o and R26A, operates the primary feed magnet on an equal 
condition in both comparing units. R23B also operates with R26B and R25A 
or R27A, to energize the secondary feed clutch magnet with an equal condition 
in the selector unit and a high or low condition in the sequence unit, when 
basic set-up switches are ON. 

R24A causes the secondary feed clutch magnet to be energized on a low secondary 
reading in the selector unit, when basic set-up switches are ON. 

R25A is discussed under R23B. 
R26A is discussed under R23B. 
R26B prevents operation of the secondary feed magnet when merging with the use 

of the selector unit only, on an equal condition in the selector unit and a high 
second primary reading in the sequence unit, when the primary change switch 
is OFF. The sequence unit may be used for checking sequence on another field 
and its reading should not affect the feed clutch circuits on such an operation. 

R27A is discussed under R23B. 
R28B through R32B are transfer contacts for the selectors to make or break the 

circuits between the C hub and the X and NX hubs. 
R33A holds R33 to permit the cycle delay circuits to be established through R16. 
R33B picks and holds cycle delay R16P until another hold circuit can be estab

lished for R16. 
R34AL prevents the re-energization of error pick relays HS4 and 35 on the same 

cycle after the error reset key has been depressed. 
R34AU holds error reset relay 34 for long enough to permit a feed operation after 

the reset key has been depressed. 
R34B drops out error hold relay 35 when the error reset key is depressed. 
R35A holds R35 and error lamp until the reset key is depressed. 
R35B opens the CR7 test circuit to the start relay to stop the machine when an 

error is sensed. 
R48AL holds R48 to keep the drive motor operating so that machines will latch 

their clutches under power. This is required because of the idling control 
circuits. 

R48AU provides a hold for R48 during the time CR7 is open so that R48 will 
hold past the latching point of the clutches. 

R48BL provides a circuit for the heavy duty relay which permits the drive motor 
to operate. 

R48BLJ operates in parallel with R55A to keep the 115-volt circuits operating 
until 350' of the cycle on which R50, 17. and 55 drop. This insures correct 
reading of any 2 or 1 holes punched in card passing the brushes at that time. 

R49A holds delay drop-out relay 49 through CR4 until CR5 opens to drop out 
cycle delay R16. 

R49B opens the hold circuit for cycle delay relay 16. 
R50AL points open to prevent recurrent impulses from CR2 from picking the 

error light after the error reset key has been depressed. 
R50AU provides a hold for the heavy duty relay which controls the drive motor 

only so long as the machine is in actual operation. 
R50BL opens the circuit to the running indicator lamp when the machine is not 

in operation. 
R50BU provides a pick circuit for idling control relay 48 when the machine is put 

into operation. 
R51A permits picking R50 and R17 to restart the machine after the stop key has 

been depressed or an error has occurred. 
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, , . fnr R51 for so long as the start key remains depressed, 
R51BL provides a hold for R51 to g duration of CR2. 
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P R E V E N T I V E  M A I N T E N A N C E  
Collator, Type 077 

F E E D S  
I. Cleaning 

Proper cleaning is one of the most important parts of preventive maint enance 
on the 077. Many of the troubles on this machine stem from crooked feeding 
of the cards. Dirt on the feed rolls or in the teeth of the feed roll gears will 
cause bouncing of the rolls and aggravate any poor feeding condition. There
fore, special care should be taken to clean all dirt and old grease from these 
points, not forgetting the feed roll gears located in the removable brush 
assembly units. Both brush assembly units and the dust covers over the 
primary feed rolls should be removed before cleaning the feeds. The following 
list gives a number of points that should be checked for cleaning. 

1. Contact Rolls. These should be cleaned even if there is no evidence of 
burning. Use an ink eraser to clean. 

2. Upper Feed Rolls and Brackets. 
3. Selector Magnets. A tab card dipped in cleaning fluid may be used to clean 

dust and grease from between the armature and core. 
4 .  Feed Hoppers and Under Feed Knives. 
5. Main Drive Shafts and Gears. Pay particular attention to dirt in the teeth 

of feed roll drive gears. 
6. Feed Rolls. 
7. Feed Clutches. 
8. Brush Separator Rolls. Pay particular attention to dirt between separators. 

Revolve the rolls and watch for brush movement. Any dirt between the 
separators will result in brush movement. 

. Inspection 
1. Brush Assemblies.(see General Section) Check the following: 

(a) END SHAKE. All possible end shake should be removed from the 
contact and brush separator rolls by shifting the end bearings. 

(b) BRUSH SEPARATORS 
/ \ BRUSHES 
(d) ALIGNMENT TO SCRIBED LINE. Use brush gauge #450388 and 

the line furthest from the bend in the gauge. „„„„ „ 
(e) BRUSHES EVENLY SPACED BETWEEN SEPARATORS. Re

volve the separator roll while checking to make sure brush does not 
touch at any point. Use brush bending tool to align any brushes 
necessary. It will be easier to reach some of the brushes if the card 
guide over them is removed. Replace any rolls with broken segments 
or on which the steel collars are badly worn. On the latest Type 077 
machines, new brush holder locating blocks have been released. These 
new blocks are approximately ten thousandths thinner than the part 
which they replace and are threaded for the brush block aligning 
screw Part #197475. It is, therefore, possible to align the majority of 
the brushes readily to the center of the grooves in the brush separator-
rolls However, it will still be necessary to use the three group brush 
bending tool to align such brushes as cannot be centered in the 
separator roll by the lateral adjustment of the brush block. 

The brush separator rolls should be positioned before attempting 
to align the brushes so that the distance from the inside of the front 
side frame to the front edge of the first groove in the separator roll is 
Va" If this adjustment is obtained prior to attempting to align the 
brushes to the separator roll, it will make it easier to obtain correct 
brush alignment, particularly in the primary feed and also in the 
secondary feed on machines equipped with additional brushes tor 
alphabetical collating. 

(f) BRUSH TRACKING 
(gj BRUSH TIMING. If no dynamic timer is available, feed cards to 

brush station under power and then through brushes by hand timing 
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on a "5" hole. It is advisable to check also at least one column in all 
positions, "9" through "1" to check wear on variable speed cam. 

2 Feed Drive Shafts. Check the following: 
(a) END PLAY in either shaft will further aggravate poor feeding con

ditions. End play may be removed at end bearings. 
Cb) WORN GEAR COLLARS for wear, loose pins, etc. 
}J LocK NUTS ON FEED ROLL WORM GEARS. If these are loose, 

variation in feeding will result. The spiral gears that drive the contact 
rolls on Tvpe 077 Collators are accurately meshed with the worm 
drive to insure constant speed of the roll. Variations in manufacturing 
tolerances, if not compensated for when meshing the gears, will result 
in variation in contact roll circumference speed. This in turn will 
cause erratic brush timing and occasional failures. 

To insure that the correct relationship between the gear members 
does exist when replacing a contact roll, the spiral gear should be tied 
with twine or a rubber band in its original position before removing 
the contact roll. Where it is required that replacement gears be in
stalled, it may be necessary to try the new gear in several Positions 
of mesh, checking brush timing dynamically at 9, 7, 5, etc., until the 
most satisfactory overall condition is obtained. It is necessary to 
check at least 11 consecutive cards to know that the gear mesh 

(d) WORM GEAR DRIVING EJECT ROLL for wear and loose set 
screws; their being loose will affect the primary select magnet timing. 

( e )  CLUTCH ADJUSTMENTS. Primary, Secondary and Eject. 
(f) PRIMARY AND SECONDARY CAM CONTACTS, (see General 

Section under CB Contacts) 

3. Feed Units, (see General Section—Horizontal Feeds) 
(a) FEED KNIFE ADJUSTMENTS 
( b )  FEED KNIFE SLIDE GUIDES. This is especially important on 

the 077 since the feed knives are returned by spring action only. 
(c) EVEN FEEDING OF CARDS 
(d) HOPPER SIDE PLATES are adjusted to position brushes to the 

center of holes. In the primary unit the sequence brushes should be 
used for this. Run the test card under power through only the se
quence brushes and remove it by dropping the brush assembly, then 
the alignment of the remaining set of brushes may be checke y 
running a chalked card through the machine and comparing the 
difference in the width of the brush marks. 

(e) ROLLER THROAT 
(f) FEED ROLL TENSION . , 
(e) TIMING OF FEED KNIVES. Obtain proper timing by rotating the 

feed knife cam on the primary shaft. Care must be taken not to move 
this cam laterally on the shaft as it may cause binds in the teed knite 
cam follower guide. 

(h) HOPPER POSTS 

4. Selection Magnets for timing and adjustment. 
5. Chute Blades 
6. Card Lever Contacts, (see General Section) 
7. Make a final check for even feeding by running a card under power to. 

but not through, the eject station. With the power through 
clutch and turn the machine by hand. If the card has fed y 
the primary station, it will be gripped by the eject roll an pu y 
ahead without twisting. 

III. Lubrication 
I B M  6  

(1) Feed knife slides. 
(2) Select magnet armature pivots. mntact 
(3) Contact roll oil wells. The shafts on each end of the high speed con'tac^ 

rolls are hollow and act as oil wells to lubrica , f both 
should be pumped into the wells in the center of these shafts at both 
front and rear ends. 
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(4) Feed clutch latch lever pivots. 
(5) Clutch knockoff lever pivots. 
(6) Feed clutch armature pivot points. 

IBM 9 
(1) Upper and lower feed roll bearings. In all cases (even on machines 

equipped with Bijur System) the feed roll and brush separator roll 
bearings in the brush assembly units must be oiled by hand. 

(2) Feed roll pressure shoes. 
(3) Eject clutch drive shaft. The first lower continuously running feed 

roll is hollow. Inside of it, and turning at a different speed, is the eject 
clutch drive shaft. Remove a screw located on the hollow feed roll 
about an inch in from the front casting. Through this screw hole, 
lubricate the eject clutch drive shaft. 

(4) Feed drive shaft oil cups, one on secondary and two on primary shafts. 
IBM 17 

(1) All main drive shaft feed roll gears. 
(2) Feed knife cam follower guide and roller. 
(3) Primary and secondary cam contact rollers. 
(4) Eject clutch knockoff arm. 
(5) Primary and secondary clutch knockoff cam follower roller. 
(6) Thin film on linen dilecto cams. 
(7) Feed clutch magnet armatures at latch point. 

IBM 21 
(1) Thrust bearings on end of feed drive shafts. 

C O N T I N U O U S  R U N N I N G  U N I T S  
I. Cleaning 

(1) STACKER POCKETS. Clean all dirt from feed roll surfaces and 
dust out of pockets. Clean stacker tube with cloth dipped in cleaning 
fluid, but do not oil. 

(2) VARIABLE SPEED CAM. All dirt and old grease from around 
cam and from linen dilecto gears. 

II. Inspection 
(1) STACKER POCKETS for free operation and worn auxiliary stacker 

springs. 
(2) CONTINUOUS RUNNING SHAFT for loose pins in drive gears 

pinned on it. 
(3) VARIABLE SPEED CAM AND CAM FOLLOWER for wear. This 

can be partially checked by punching one card column for all holes 
"9" through "1". Any variation of timing will indicate wear at this 
point. Another method is to turn the machine to a point on the index 
of about 226° to 228°. At this point hold the reverse lock free with a 
screw driver and rock back and forth on the large linen dilecto gear 
back of the index. If the cam roller is not worn, the CR Drive 
Shaft will rock with the gear without any appreciable lag or slop. 

(4) CR CAMS (see General Section—CB Units). Duration time of 
CB1-2-3-4 on the 077 should be 8° on the tube type, and 6° on the 
non-tube type. 

III. Lubrication 

IBM 6 
(1) CR cam contact lever pivot point. 

IBM 9 
(1) CR drive shaft oil cups. One located behind sequence unit and the 

other beside the secondary one tooth ratchet gear. 
(2) CR feed roll bearings (front and rear). Remove front cover to get at 

front feed roll bearings. 
(3) Reverse friction lock. 
(4) CR cam contact shaft bearings. 
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IBM 17 
(1) CR feed roll drive gears. 
(2) Linen dilecto cams: light film only. 
(3) CR cam follower rollers. 

IBM 21 
(1) Variable speed cam. 
(2) Drive pulley bearings. 

S E L E C T O R  A N D  S E Q U E N C E  U N I T S  
MOST OF THE cable wires going to the bottom connections of these units 
terminate on the upper and middle rows of the bakelite binder post panel 
located directly under the units. Disconnecting the cable at panel instead of 
on the bottom of the units will greatly facilitate removal of the wires so that 
it will only be necessary to remove 3 wires that go directly to the unit instea 

°f The* 3 wires that do not terminate on the binder post panel are the ,heavy 
common lead to the setup magnets (ared wire in most marfiineis) and he 
wires going to the restoring magnet, (1 red and 1 black wire). Care shouia oe 
taken in noting the color coding of the restoring magnet wires before remova 
in order that they be replaced the same way to insure proper polarity 
magnets. 

I. Cleaning 
The contact unit should be removed and all dirt and old grease should be 

cleaned from the cams, cam followers and the setup ratchet pivot shaft. 

II. Inspection 
1. Magnet Armatures for wear. 
2. Setup Bail Adjusting Screws for wear. 

3. Setup Bail Cam Follower for wear. 
4. Setup Bail Springs Have Their Heaviest Load at ® clear and sets 

stretched the least. As they age, the unit sometimes fi IsTo dear ana s ̂  
up 9's. This will usually show up if setup pawls are t"pp DQlnt 

of unit is restored slowly by hand. If, at the time cams t enough 
it is possible to push setup bail back, the springs are not strong enoug 
and should be replaced or shortened. 

5.  Different ia l  Links for wear. This may be Jer 
zeros in the unit, lay a scale or other straight edge each 
ating surface of the linen dilecto cams. Holding the scale t ' 
cam Any excess movement of a cam indicates a worn differenLanink stucl 

6. Setup Pawl Pivot Rod for wear. This should be ca«: Uf sUghtly loQse 

vibration in the ratchet guide pi ate y'fficl entl y to unlatch arma-
in its mounting, the setup pawls will vibrate sufh y hgv locating 
tures occasionally even in positions not wired. t f the pivot 
set screws for ratchet guide plate 
rod is easily seen. Since the rod is removed through tnese no 
replacing a pawl, it is obviously plainly visible. 

7. All Unit Adjustments. A quick check 00 ^^Jby hand. 

The'pawl"^should have^ust Tnoughroom to seat in the "one" tooth. But 

S. ^S^^Care should 

£> drop back a tooth under certain operat^onditicin:^ the 

if one setup ratchet is stopped at numb differential link and the 
movement of the other ratchet actuates the dittejen^ ^ ^ such 

control lever (each cycle), due to exccs® 'c #6 tooth_ 
an extent that this ratchet is moved from the ffo toon 



6  P R E V E N T I V E  M A I N T E N A N C E  C  U  S T O M E R  E N G I N E E R I N G  

This condition must be watched because if the latest type cams are in
stalled in unit, the increased travel of center strap may cause too much 
load because of some previous increase in contact strap tension. 

With power on the machine, no cards and all 16 positions wired, trip 
the bottom restoring magnet mechanically in both units. At "one" time 
short the primary card lever and turn the machine to 160°. At this time 
all positions are the same as they would be if "ones" had been read into 
the units. . . 

None of the lower contacts should be making on the outer (N/O) straps. 
Turn the machine to 162° and all of the N/O straps should be made. 

Clear the unit and repeat this check for the upper points by tripping 
the upper restoring magnets and shorting the primary sequence and 
secondary card levers. 

The inner (N/C) contacts should be set so that with zeros in the unit 
the center strap will break away from the inner (N/C) strap before making 
on the outer (N/O) strap. This can easily be checked with zeros in the 
unit by plugging one end of a test light into the control input hub on the 
control panel and the other end to the equal hub of the unit being tested. 
If the two unequal hubs of the unit are both jack-plugged to the equal, 
the light will stay on at all times unless one of the center straps is not 
made on either its N/O or N/C side. Check the points one at a time using 
a spring hook or contact bending tool to pull the center strap forward. 
The N/C contact should break before the N/o contact makes, thus 
allowing the light to go out momentarily. 

III. Lubrication 
Keep restoring bails and operating cams and springs lubricated so that 

bails operate freely and fully restore the pawls when the unit is turned over 
by hand. Check to see that the oil cup is feeding oil to the set up ratchet shaft 
as well as to the wick which runs almost the length of the shaft. 

IBM 6 
(1) Setup ratchet pawl shaft oil well. This is the only part of the unit 

that is lubricated automatically with the Bijur System. 
(2) Stop pawl pivots. 
(3) Differential link studs followed with IBM 17. 
(4) Restoring magnet knockoff cam follower, followed with IBM 17. 

IBM 17 
(1) Cams. 
(2) Restoring bail spring stud. 
(3) Differential link studs. 
(4) Restoring magnet knockoff cam followers. 

T U B E  U N I T  
I. Line Voltage 

Check AC line voltage to insure that it is 112.5 volts or upwards. This will 
provide a minimum of 22.5 volts across the heater of each tube. 

II. Heater to Cathode Short 
In some instances, open filament tube failure is due to a heater to cathode 

short in another tube in the same filament string. This short can be of a high 
enough resistance so as not to extinguish the tube in question, but will put a 
higher than normal voltage on the filaments of some of the tubes in the string 
depending on the location of the shorted tube with respect to the line. A quick 
test of all tubes for a cold short can be made by removing the cathode common 
from 40 volt plus post #1 and connecting an ohmmeter from this wire to main 
line terminal §8. A cold short in any of the tubes will show a deflection on the 
meter. 

It is advisable, when replacing a tube with an open filament, to check with 
an ohmmeter the rest of the tubes in the string for heater-to-cathode shorts, 
rejecting any tubes with a shorted or partially shorted condition. If filament 
failures persist in a string, the tubes in that string should be checked for a 
"hot short" between filament and cathode as some shorts do not show up unless 
the filaments are heated. This test can be done on any standard tube checker. 



REFERENCE MANUAL 
TYPE 077 7 

III. Voltage Drop Across the Magnets 
With power on, connect the voltmeter across magnet terminals of Position 

to be checked. Manually turn the machine to between 150 and 230 to make 
the "on" side of the feed interlock switch hot. Insert a plug wire from this 
"on" hub to the input hub of the position to be checked. If the instantaneous 
voltage read is less than 16 volts, the tube should be replaced. Test each 
position one at a time in this manner, taking care that the voltmeter is con
nected across the magnet before inserting the plug wire in the input hub for 
that position, as the correct voltage to be read is the instantaneous voltage at 
the time the magnet is first energized. The instantaneous voltage drop across 
a magnet energized by a weak tube may be less than 16 volts, but the voltage 
drop can increase as much as 10 volts in 15 seconds after the magnet is first 
energized. Reading the meter at that time would make a weak tube seem 

S3In orde/to insure that failures in the brush circuit do not result in replacing 
tubes where '.hey are not required, the brush input to the magnets has been 
purposely avoided in this procedure. 

IV. Vibration Test 
Vibration will sometimes cause intermittent shorts resulting in incorrect 

readings in the units. This may be tested for by running the collator test 
number one and tapping each tube several times with the eraser end of a 
pencil while cards are feeding. Any errors resulting only when a tube is tapped 
will indicate a vibration short in that tube. 

B A S E  
1. Relays, (see General Section) 
2. Motor Generator, (see General Section) 
3. Bijur System, (see General Section) 
4. Control Panel, (see General Section) 

O P E R A T I O N  T E S T S  
PUNCH TEST cards as indicated by the following table. To avoid repetition 
some cards have been omitted from the list but 144 cards should^be 
The punching of the test field for those which are omitted from the 1 st follows 
a regular progression, in the pattern indicated by the first part of the list. 

CARD 
TEST FIELD' K0. 

V 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 

999 
—1999 

--etc. 
9999 

- 19999 
—etc.-—--

-99999 
199999 

—etc. 
999999 

—1999999 
—etc. 
-—9999999 
—19999999 

—99999999 
-199999999 

-999999999 
-1999999999 

CARD 
NO. 

027 
028 

037 

0lt5 
ok6 

054 
055 

083 
064 

072 
073 

081 

TEST ITEIU 

etc.—-— 
9999999999 

19999999999 
etc. 

99999999999 
199999999999 

999999999999 
—1999999999999 

etc. 
—9999999999999 
-19999999999999 

etc. 
-99999999999999 
-199999999999999 

etc. 
-999999999999999 
1999999999999999 

9999999999999999 

CARD 
NO. 

090 
091 

099 
100 

108 
109 

117 
118 

126 
127 

135 
136 
l44 
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TEST I: Tests General Machine Operation 
Control Panel Wiring: Wire control panel as shown in Figure 1. 
Feeds: One deck of 144 cards in each feed unit. 

Run-in: Primary feed should take three cycles, and the secondary two. This 
tests the card lever circuits to the clutches. 

Since the decks are matched, after the first three machine cycles the 
selector unit should have an equal reading and the sequence unit a high 
2nd primary. 
Note: The error stop is used to stop the machine on an unequal 
reading in the selector unit or low 2nd primary in sequence unit. 



T Y P E  0 7 7  9  
R E F E R E N C E  M A N U A l  

PRI. SELECT. 

SEC.FEED 

o-o-o-o 
PRI. EJECT 

PRI. FEED 
EQUAL END PRJ 

LOW2NO PR'-

o—o—o—o 
- RUNOUT 

pQ sO 
—.COljNT-.. 

• SEC. X — 
; o x O  
-p-CONTROL—p BASIC SEniP 

PRI. CYCLE DELAY 

OfrO O-O O-O 
. TOTA L — 

OPERATION 

• PRI. CHANGE 

R E M A R K S  INTERLOCK 

PRIMARY CARDS SECONDARY CARDS 

This tests the feeds for correct feeding, the brushes for proper reading, 
the setup magnets, selector contacts, and stop pawls for proper operation. 
In case any of the above are in error the machine will stop with 

r0ncrcVthf^e"o*uniTfor an equal reading and the sequence unit for 
a hifrh 2nd primary The unit which does not satisfy this condition is the 
a high 2nd primary should run continuously. 

K S T S S i X « .  
clutch pulls out during a feed cycle, an erroneous reading will enter the 
ceWtnrunit and the error stop will function to stop the machine, 
happens the last card in the secondary select pocket 3 and the merge 
pocket will not match. When test has been run satisfactorily, remove the 
"Plug to C" to "Sec. select #3" and merge these two groups. 

TEST II: Tests Primary Feed Clutch for Latching and Unlatching 
Control Panel Wiring: Functional plugging as shown in Figure 2. Brus 

wiring same as previous test. 

Figure 2 

Feed Units: Single deck in primary; double deck (merged) ^eni^every 
After the run-in, watch the feed clutches. Primary should operate^very 
other cycle, secondary should operate every cy • 2nd primary, 
conditions will be selector unit equal with-ph conditions 
and on the following cycle selector unit low secondary. Ihese conoir 

will alternate. „ „ QN ^fter the three 
Perform this test a second tune, with M. S. 8s the primary 

run-in cycles the secondary clutch will operate fo y . 
for one cycle, secondary for two cycles, primary for one cycle, etc. ine 
primary eject clutch will operate c°ntmuously. primary readings 

This also tests the selector unit for eqilal a restoring bails of 
and the sequence unit for a high 2nd testg feed ciutches for 
sequence and. selector units for latching p» 
latching and unlatching. 

TEST III: Tests Secondary Feed Clutch for Latching Up 
control Panel Wiring: Brush wiring as Test !. Functional plugging as 

shown in Figure 3. 
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Feed Units: Double deck (merged) in primary, and single deck in secondary. 
After the run-in, primary feed clutch should operate every cycle, secondary 
every other cycle. 

S E L E C T O R S  —  
|Q—O'O o o o 

EQUAL 
o—o—o-o 

LOW PRIMARY 

PRI. SELECT. 
00-00 

SEC.FEED 
o—o-o-o 
„ PR I. EJECT 
o—O-O-O 

PRI FEED 
o-o-o-o 

L0W»0 PRI. 
O-O-O—o 
RUNOUT -PRI. CYCLE DELAY 

O-frO O-O O-O cc 
TOTA L — ,*\ ... 

«• V/ ... 

•SEC.* 
; o « o  
•7— CONTROL—r BASIC SETUP CO^NT-

O P E R A T I O N  

R E M A R K S  

INTERLOCK-

SECONOARY CARDS PRIMARY CAROS 

Figure 3 

TEST IV: Tests Pri Select Magnet for operation and Latching Up 
Pri Cycle Delay unit for pickup and dropout 

Control Panel Wiring: Brush wiring same as previous tests. Functional 
wiring as shown in Figure 4. 

Feeds: Double deck (merged) in primary; single deck in secondary. After 
the run-in, the primary feed, clutch should operate every cycle; the 
secondary, every other cycle. Every other primary card should be selected. 

O P E R A T I O N  _ Test iy 

'O—O p 
PU L 

U 
G 

T 

R E M A R K S  On MacMnes Equipped with D.O. Add 
Dotted Wiring. 

Figure 4 
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The primary cards selected, therefore, constitute one complete test deck 
of 144 cards. These cards can be matched with another 144 card deck by 
machine, or checked visually. (After this test two decks should be merged 
for next test.) 

TEST V: Tests Secondary Select Magnet 4 
Control Panel Wiring: Brush wiring same as previous tests. Functional 

wiring as shown in Figure 5. 
Feeds: Single deck in primary; double deck (merged) in secondary. After 

the run-in, the primary should operate every other cycle; secondary 
should operate every cycle. Every other secondary card should be selected. 
Watch Sec. Pocket #4, or check cards after operation has been completed. 
Cards in pocket 4 should constitute one deck of 144 cards. 

TEST VI: Tests Low Primary, Low Secondary, and operation of Select 
Magnets 

Figure 6 
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Control Panel Wiring: Brush wiring as shown in previous tests. Functional 
plugging as shown in Figure 6. 

Feed Units: In primary, single deck with cards 4, 9, 27, 56, 68, 109 removed. 
Secondary, single deck with cards removed for 7, 13, 30, 59, 64, 88. (These 
numbers correspond to punching columns 78, 79, 80.) Check for correct 
selection of unmatched cards. If operation is satisfactory, cards may be 
filed in their correct positions by hand. 

TEST VII 
A — Tests: Primary Cycle Delay Unit. 
Control Panel Wiring: Brushes wired same as in previous tests. Functional 

plugging shows in Figure 7. 
Feeds: Single deck in primary feed. Every other primary card is selected. 

(Keep cards separated for next part of test.) 
B — Tests: For complete swing from Low Primary to Low Secondary on 

alternate cycles. 
Control Panel Wiring: Brush wiring same as for previous test. Functional 

plugging—basic setup switches on. Remove all others. 
Feeds: One half of deck in primary, other half in secondary. (Odd numbered 

cards, primary, even numbered cards, secondary). Primary and secondary 
feed alternately. 

) 

S E L E C T O R S  LOW SEC 

o-o-o-o 
E Q U A L  

o—o-o—o 
LOW PRIMARY 

O-O-O-O 
HIGH 2ND PRI. 

O-O-O-O 
EQUAL 2ND PRI. 

O-O-O-O 
LOW 2ND PRI. 

O-O-O-O 
RUNOUT 

SEC.FEED 

PRI. EJECT 
o—O-O—o 

PRI FEED 

_ JfT? ROR STOP 
^ ̂  o-o-o—o 

•-SEc. x  —  
) ; o « o  

I JPONTROL.—j-BASIC SETUP 
COUNT' 

O P E R A T I O N  

•PRI CHANGE 

INTERLOCK' 

CTRL. INPUTS SEPARATE 

remarks - Machines_Equipped whh D.O. Add 
Dotted Wiring. 

SECONDARY*CARDS I PRiM*RY~CAROS 

SEL SECONDARIES 

Figure 7 
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TEST VIII: Tests Low Second Primary and Error Light 

Control Panel Wiring: Wire as shown in Figure 8. 
Feeds: Reverse the sequence of some of the cards and run in primary feed. 

Watch for red light at every step down in sequence. 

OPERATION .?®5LYPL 

REMARKS 

SECONDARY CARDS i PRIMARY CARDS 
•SECONDARY SELECTOR MAGNETS 

N O  

NTERLOCK — 

NO 

o o o o o o o o o o o o o o o o  
-SEL..PS.— 

O " 
CTRL. INPLltS ' 

-P —PSI-PS2 — 

0 0 ? t\ RESTORING MAGS V 

o o • 9J 

2NO PRIMARY SEQUENCE MAGNET 
•  I  > i  9 • • • • • • •  

— 5 PR1MARTTSEQUENCE BRUSHES is 

^ ^ lO—Or 
EQUAL 

O—O—O—O *0—OU 
LOW PRIMARY 

O-O-O-O sO—o, 
HIGH 2ND PRI. „ 

c o c o  < o — o  
EQUAL 2ND PRI. 

O-O-O-O sO—o 

— RUNOUT PRI. CYCLE DELAY 

*o so o4o o-o o-o 
CO.LjNT 1— TOTAL 

s;J cuOuQ () Q Q Q ( 
SOURCE IN 0 I 2 3 4 5 

R O f s - O T Q  Q t O  O  o  c  O  <  

Figure 8 
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TEST IX: Tests X-Selectors 
Control Panel Wiring: Wiring as shown in Figure 9 with secondary brush 

#60 wired to sec. X pickup and primary brush #60 wired to Pri X pickup. 
Feed Units: Place one deck in primary feed and one deck in secondary feed. 

All X-60 cards should be selected. 

TEST X: Tests operation of the 5 Selectors 
Control Panel Wiring: Wire as shown in Figure 10. 
Feed Units: Place any cards in the primary feed. After the run-in, cards 

should continue feeding. 

Form 22-5743-1 
Figure 10 











7-1-33 
MECHANICAL SERVICE INSTRUCTIONS EAM SECTION 500 

HORIZONTAL SORTER 
GENERAL 

The punched cards are fedL inb 

pocheT^nThfmaLLTTwtlv'oVwh^ch are lor the corresponding position in 

"R" pocket without disturbing their original relationship. 

SPEED 
This machine is designed to operate at as£ £££%™rS. 

ute. and must not under any circumstances be operated 

PER MINUTE' CAPACITY 

with one hand. The feeding magazine has a card capacity of approximai 
cards and it can be fed continuously. 

CURRENT REQUIREMENTS 
This machine has a maximum starting current of 6.6 amperes and a maxi

mum running current of 2.0 amperes. 

OPERATION 

one or more numerals in a given column it will be necessary to pull down all 
commutator switches EXCEPT those corresponding to the positions to be se . 
Fig. 2 illustrates the commutator with the switches arranged remaining 
positions which will be sorted into their corresponding pockets, the remaining 
cards sorting into the "R" pocket in their original sequence. 

PRINCIPLE OF HORIZONTAL SORTING (See Figs. 3 and 4) 
The principle upon which this machine operates is as follows: Cards are 

ted horizontally from a mazagine and pass directly under the card brush A and 

Printed in U.S.A. 
Form 22-8442-0 

Fig. 1 
Fig. 2 
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over the brass roll B. Assuming that the card C Is punched "4" It will have 
traveled under the 9, 8, 7. 6 and 5 chute blades as shown In Fig. 7. The brush 
makes contact completing the selecting circuit. The sorting magnet D thus 
becomes energized attracting the armature E. and the 4, 3, 2, 1, 0, 11 and 12 
chute blades follow down with the armature E thus creating an opening between 
the 5 and 4 chute blades (See flg. 4), through which the card is conveyed by 
carrier rolls to Its respective pocket. If a blank or unpunched card is fed into 
the machine the brush A fails to make contact with the brass roll B; therefore 
the sorting magnet D does not receive an impulse and the armature E will not 
pull down. Consequently, the card is carried Into the "R" pocket. 

tHSUL#T,HG SH/M 

B/eus* HOLDC/S 

Fig. 5 

THE CARD BRUSH 
To insert a new card brush, raise the operating handle one-half turn until 

It is directly opposite its normal position. 
This has raised the brush holder from the brass contact roll. The brush 

holder locking lever (See fig. 6) can now be raised to the position shown and 
the brush holder assembly removed. Next loosen the brush retaining Bcrew and 
pull out the defective card brush. 

When a new brush is inserted It must be timed in the following manner: 
Feed a card punched "8" by hand until the card brush makes contact through 
the punched hole. When contact Is made the end of the 9 chute blade should 
overlap the card 1/64" to 1/32" maximum (See "A", fig. 6). There must not be 
less than 1/64" overlap of the chute blade on the card when turning the machine 
by hand. With the card brush in this position the commutator should be set so 
that its inner brush is making full contact on the 8 segment. (See "B", fig. 6). 
When replacing the brush holder assembly follow the above instructions in the 
reverse order. Do not lower the handle and allow the brush to touch the brass 
roll unMl the brush holder is clamped In place. 

THE COMMUTATOR 
The commutator controls the circuit through the sorting magnet. It has 

three brushes known as inner, center and outer. These brushes should be ad
justed so that they project out of the holder 3/16". They must be carefully set 
so that all three will be in line with each other. 

To check the timing of the commutator brushes as well as the card brush 
proceed as follows: Feed a card punched "8" by hand until the brush makes °°°* 
tact through the punched hole. When contact is made the end of the 9 chute 
blade should overlap the card 1/64" to 1/32" maximum (See "A flg. 6). There 
must not be less than 1/64" overlap of the chute blade on the card when turning 
the machine by hand. With the card brush in this position the commutator 
should be set so that its inner brush is making full contact on the 8 segment as 
shown at "B" flg. 6. The center and outer brushes have only to be set for the 
proper projection as described above. The commutator is fastened to its shaft 
with two set screws. 

Printed in U. S. A. l'age 3 
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CHUTE BLADE ADJUSTMENTS (See Fig. 6) 

n . . n  l m » o r r .  . r  

In relation to the right h®"n , casting (See fig. 6) with the card guide In 
he 2-13/16" from the right hand end n«t Ehou,d be In 

place. The distance from *,«„!,* bp 2 13/16" as shown and the distance 
other words, the 9 chute blade should be 2-13/U ^8^ by exact]y 

0, the chute blades should be from .OU tb,ade^ without Btrlklng 

1 an'h,,T the 018" gauge should not pass under. When the chute blades are 
Idlusted according to these' two gauges, the ends of the blades will not be less 
than .012" nor more than .018"to give correct 

It Is Imperative t t Th biades should be so shaped that they 
wm'lay In position Tvithout totmMng the blades above or below, with a clearance 

CS S3S 'hn.™ L. .«.p.a « •.!««•<.« to ««• '• 

Z° Sltem l. ... .". '.' a line pl.t.. Th.r. .hould .... ». • «-™» 

ot 'CheS'SSunV S? SSS KiSSS* mifi" S..««.»«»«»•< 
V, m he taken to see That formed lip on rear end of blade does not Interfere 

with action of brass card deflector spring. It may be necessary to bend this part 
of the' blade to accomplish above. 

MAGNET UNIT ADJUSTMENTS 
This unit must be very carefully and accurately adjusted as follows: 
1 The magnet armature should have from .040" to .045" travel and when 

ia i ore touching the front cores, there should be an air gap of .005 
between The armatures and the cores nearest the plvc" point. These adjustments 

. , . chimming between the magnet yoke and housing on the earlier are obtained by shimming^betwee^nu gcrews on the ,ater type 

maehiTTs The adjustments should be checked by putting current on the magnet, 
! T the J^lar serviceman's test outfit with a 40 or 50 watt bulb in. place 

using the g_ outfit. The armature stop studs may have to be 
filed slightly so that both studs will be touching the armature when there is no 

current ™the-^ITmature is in its normal position (the magnet de-energized) 
t ZherJthe chute blades rest must be flush with the card guide plates 

at Um end ^arest'Thele^inTtnechanism and about .005" below the surface of 
the card guide plates at the end nearest the knockoff cam. 

s The armature stop rod must be adjusted after the magnet unit is as- ^ 
»• . T thT machine The purpose of the stop rod is to cushion the armature sembled in the machine. The^ pup ̂  reducing the nolse The stop mUst be 

W!\en. l\ a"/Tieh as possible in order that the noise while operating will be 
adjusted up Jf ln b BUfflcient travel of the armature (.040" to .046 
minimum but there must sUll ne s sortlng. If this armature 

—  - v - . o w - . . .  ̂  
. n,.]! Snring must be adjusted after the unit is assemble 

„ « * > , S K -  » " . u  . . . . . . . . . . « ™ « « .  

g) 
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to the stop studs on the card guide plate when the magnet is de-energized, then 
eive the adjusting screw an additional three-quarters of a turn and set the check 
nut If the tension on this spring is too great, the machine will sort "low" when 
selecting, on the contrary, if the tension is too weak, the machine may sort 
"high" or all cards go into the "9" pocket. 

5 .  The armature knockoff cam (D ,  f i g .  10 )  is to overcome r e s idua  magne
tism. ' It is pinned on the shaft in such a position that its high point will be just 

i- 4.1_._ kwiink mnlrna OATlf tl ht t" Vl TTIU H Vl H 9 ll 016. tlsm. It is piliiieu uu nic ••• « — * -
past the end of the armature when the brush makes contact through a 

REMOVAL OF MAGNET UNIT 
To remove the magnet unit assembly proceed as follows: 
Remove the card feed mechanism cover. 
Disconnect wires leading to the sorting magnet and brass contact roll feed 

brush. 
Remove card guide plates (Fig. S). 
Unhook the armature pull spring and remove the armature. 
Remove taper dowel pins from magnet housing by turning l»»nthe1;3 

nuts. Turning in on the nut loosens or draws the taper dowel slightly so that 
it can easily be pulled out. 

Loosen the lower card guides. 
Remove the 5/16" cap screw which holds the filler blocks and ™^s"et 

and at the same time hold the magnet housing assembly with the left hand, 
magnet unit can now be removed for inspection or repair. 

When replacing the magnet unit assembly care should be taken t°seet 

it is properly lined up. Place a steel scale or straight edge across the lower 
card guides, contact roll and card guide plates which should all be in perfect 
alignment and known as the card line. 

THE THROAT AND CARD KNIVES (See fig. 9) 
The throat block and throat knife should be so adjusted that an .008" and 

not a .010" thickness gauge will pass thru the opening three ways as s o 
fig. 9. To obtain this adjustment proceed as follows: Raise the throat kni 
slightly and move the throat block until its high point is directly in llne 

side surface of the throat knife, move knife down until the,.008" and not the .010 
thickness gauge will go thru the opening horizontally. Then set the throat kn 
adjusting screws. If the throat knife and throat block have been properly set. 
the 008" and not the .010" thickness gauge will pass thru the opening, (1) 
zontally, (2) at an angle of about 30 degrees, and (3) should follow thru whe 
held down on the radius of the throat block. 

The card feed knives are adjustable and should be set evenly 
for a projection of .004" to .0045". A gauge is provided with two ,notches,in 
It at opposite ends, one notch marked "GO" is cut .0045" deep a"d 1 ® °PP 

end marked "No Go" is cut .004" deep. When adjusting the 
necessary to first remove the card magazine guides and then loose ad,usting 
screws that hold the knife in place and turn either in or out °"the adjusting 
screws as the case may be to raise or lower the feed ^VL^ver the feed 
knife is properly adjusted the "Go" end of the gauge will P ( Th 
knife on either side, and the "No Go" end will not pass over the proJect}Pnknlvea 
knife must project evenly all the way across and it is obvious 
must be adjusted alike. 

INDEX HEAD AND FEEDING MECHANISM (Fig. 10) 
If necessary to remove the first upper feed roll the entire index head mech 

anlsm must be removed as follows: •• 
Remove the card brush as outlined under The Card Brusn. 
Remove straight dowel pins E, one on each sideof themeclhanisim.^^ or 
Remove taper dowel pins by turning in on the 10-32 nut G. 

loosens the taper dowel pin which can then be easily removed. 
Remove both front card guides (See fig. 9). 
Disconnect the wire that feeds the brush holder contact ra . 
Lift front feed roll slightly and insert a common pin or P inserted 

holes F one in each side casting. This pin or piece of th 
must engage in' a slot provided in the spring plunger so as o prevent the 
plunger and spring from jumping out when the index head mec an s 

Page 7 
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ADJUST THESE 4 SCPEWS TO OBTA/N 
PPOPEP TPAYEL OP APMATUPE (.040 
TO .045). WHEN APMATUPE PES/DUALS 
APE TOUCHING HEAP COPES THEPE SHOULD 
BE .OOS A/P GAP BETWEEN ABM A TUBE 
AND COPES NEAPEST PIYOT POINTS. 

Fig. 8 

TPA YEL OP APMATUPE 

APMATUPE SHOULD BE PLUSH 
WITH CAPS GU'DE PLATES ON 
PEED ENO AND •OOS BELOW 
ON OPPOSITE END-

Page 8 
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Remove screws H on both sides and the entire index head mechanism may 

th6nif 6the'bronze worm gear L that drives the feed knife operating arm shaft 
is removed, care must be taken to see that it is properly timed when replaced. 
To remove this gear proceed as follows: 

Remove the reverse friction lock so that the machine may be turned back-

War<Turn the machine by hand until the taper pin, which holds gear L is hori
zontal and the large end is towards the hand wheel. Then drive out the taper 
pin from the hub of gear L. OQrr,0 

Remove bronze gear L by turning the machine backwards and at the same 
time prying the gear off. Remove the connecting link by drawing cotter pin. 
The feed knife crank shaft can then be removed. 

When replacing gear L mesh it with its worm driver M so that the marks 
A on both worm gear and its driver coincide. The scribed line B oni the h«l> 
gear L and the feed knife operating arm shaft must also coincide. If the lo 
feed shaft assembly N should be removed for any reason, spot marks C on the 
worm gear and worm shaft must also coincide, otherwise the knockoff cam D will 
be out of time. When contact is made thru a 9 hole in the card the knockoff 
cam C should be clear of the armature J (See flg. 10). 

FEED ROLL ADJUSTMENTS 
It is very important that the first three feed rolls be accurately adjusted 

for tension so as to insure even feeding of cards. The adjustment °fth®flrs' 
feed roll is controlled by screws (K, fig. 10) which are located horizontally in the 
front and rear side frames of the index head. These screws have a cone shaped 
e n d  w h i c h  o p e r a t e  a t  r i g h t  a n g l e s  a g a i n s t  a  s p r i n g  p l u n g e r  w h i c h a l s o h a s a  
cone shaped end. If for any reason the adjusting screw is removed, it cannot be 
replaced until the spring plunger is pushed down. This ls aCC°™ i^,,H 
serting a steel rod, similar to a sorting needle, thru the 3/32 hole directly over 
the spring plunger. - . . 

The tension on the first feed roll should have an even pressure of six to 
eight pounds adjusted equally on each side. The tension on the second and thir 
feed rolls should be four to five pounds adjusted equally on each side. All feed 
rolls except the first are adjusted as to tension by the flat steel springs wh c 
operate against the feed roll bearings. These springs, with the exception of 
those on the second and third feed rolls, should be adjusted so that there will be 
Just sufficient tension to insure the cards feeding straight. 

POCKET STOP MECHANISM 
The pocket stop mechanism consists of a contact operated by a shaft to which 

is connected an individual lever from each of the thirteen pockets. When suffic
ient cards are in the pocket to cause the stacker table to press against any one of 
these levers, the shaft is turned in such a manner that it opens the contact and 
stops the machine. ... 

The pocket stop contact is connected in series with the card lever contact. 
Therefore, opening the pocket stop contact has the same effect as opening the 
card lever contact, viz., to stop the machine. 

The pocket levers must work very freely. To relieve binding loosen the 
two end bearings and adjust until the shaft oscillates very freely. 

The stacker tables must work very freely in order to insure proper opera
tion. Obviously, a sluggish or binding stacker table, or a stacker spring with 
too much tension, will prevent the pocket stop contact from opening easily. 

PURPOSE AND ADJUSTMENT OF RELAYS 
G. E. Type Heavy Duty Motor Relays (fig. 11)—The relays used In the motor 

circuit are somewhat different in appearance from any relays previously used in 
tabulating machine equipment. However, the principle of operation is the same 
as any of our regular four post relays, that is, the circuit thru the contact points 
is entirely separate from the circuit thru the coils. 

The purpose of two relays located electrically either side of the motor, ls 
to open the motor line at two points simultaneously, thus distributing over a 
large metallic surface, an otherwise destructive arc. 
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These relays should require no adjusting other than to see that the armature 
works freely and that the armature tension springs are adjusted equally so that 
both armatures will release at the same time. 

Card Control Relay—The purpose of this relay is to prevent starting the 
machine while feeding cards by hand or in other words, to prevent starting the 
machine by any method other than depressing the start key. 

Brush Relay—This relay picks up when the card brush makes contact thru 
the punched hole in the card and its purpose is to lock the selecting circuit for 
the remainder of each card cycle. 

Adjustments—1. Line up contact points with pivot screws and set finger 
tight. Back off one screw 1/6 turn and lock check nuts. 

2. Set armature square with base by use of contact and stop screws. Lock 
the top screw in this position. 

3. Move the magnet cores by screws on back of slate base for .012" air 
gap between armatures and cores on card control relay and .005" on brush relay. 

4. Adjust lower screw for .012" air gap between contact points on the card 
control relay and .008" on brush relay. 

5. The tension on armature pull spring of brush relay should be just suffi
cient to overcome gravity with relay turned upside down. 

Start Circuit—The following circuit is completed when start key is de
pressed: D. P. switch, start key contacts, coils of card control relay, resistance 
R-2, coils of A and B relays, 1 ampere fuse to other side of line. This energizes 
card control relay, also A and B relays starting motor. 

Motor Running Circuit—The following circuit is maintained as long as cards 
are feeding: D. P. switch, card lever contacts, pocket stop contact, stop key con
tact, gooseqeck and points of card control relay, coil of card control relay, re
sistance R-2, coils of A and B relays, 1 ampere fuse to other side of line. 

Selecting Circuit—The following circuit will be completed when card brush 
makes contact thru the punched hole in card: D. P. switch, common brush of 
commutator, inner brush of commutator, contact roll, thru hole in card, card 
brush, coils of brush relay, resistance R-l, sorting magnet, #1 ampere fuse to 
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other side of line. When this circuit is completed it energizes the brush relay 

Sorting Ma^et Holding Circult-The following circ^'^^h 
the sorting magnet for the remainder of each card cycle as f,a • • • 
common brush of commutator gooseneck and points of brush relay, of 

2? a holding SS^f brush relay and 

keeps the ^ingmasnet ^ equjpped wllh an A. c. drive 

r£ His; issMcs * s ..=.r...«... 
any frequency The motor furnished is always single phase because if the com-

z&xisssrt SS A-
Hoe etc should be handled by the customer's electrician. 

Machines already in the field may be equipped with an A. C. drive motor in 

•ssf a r 
ff^ryrss sr^mss rs 
motor to the D. C. supply. 
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MULTIPLE COLUMN SELECTOR 
Description: 

The Horizontal Sorter may be equipped with a Multiple Column Selection 
Device which has two distinct uses: 

1 Multiple column selection will permit selecting from a file of cards those 
cards which are punched with a predetermined alphabetical, numerical or com
bination indication within any ten adjacent columns. In a single run, selected 
cards of the desired classification will fall in the "Reject" pocket while the re
maining cards will be deposited in the "12" pocket of the sorting machine. The 
sequence of the unselected cards will not be disturbed. 

By means of this device it is possible to select all the cards for a specified 
branch, agent, product, date, part number, or other class of data. 

2 ' Zero elimination permits greater speed in the completion of either alpha
betical or numerical sorting operations, through the automatic rejection of cards 
which require no further sorting. 

The unit is mounted under the feed hopper and consists of the following: 
Ten switches controlling ten positions of selection, one switch to control "0" 
elimination, two switches for operating control, a ten-position demountable brush 
assembly, transfer unit, plugboard, selecting commutator, four commutators, two 
resistances and three additional relays. 

One to ten columns inclusive may be handled for either selection or "0" 
elimination. 

Plugboard Arrangement Fig. 1 
There are three different groups of plughubs on the plug board. 
Group 1—Consists of 10 double hubs, under a general heading "Brushes," 
marked "Zone Punching." These hubs represent brush positions and are 
plugged for the 0, 11, and 12 for alphabetic selection. 
Group 2—Consists of 10 double hubs, under the same general heading "Brush
es," marked "Lower Punching." They represent the brush positions and are 
plugged for 9 through 12 for numeric selection and 9 through 1 for alphabetic 
selection. 
Group 3—Consists of 12 single hubs marked 9-12 and are called "Selector" 
hubs. These hubs represent the 12 positions on the card. One single hub 
designated S C is the Sorting Common hub which is used for sorting or count
ing common information from more than one column. 
(1) Multiple Column Selection of Numeric Punching 

Sort Selection Switch—Select 
Zero Elimination Switch—Sort 
Brush Selection for Sorting Switches—Select 

Plug from hubs marked "Lower Punching" to hubs marked "Selector," cor
responding to numerical figures being selected. In brush positions being used, in
sert a two-way plug from the lower row of hubs marked "Zone Punching" to the 
upper row of hubs marked "Lower Punching" as designated by heading "Common 
for Numeric." 

(2) Multiple Column Selection of Alphabetical Punching 
Sort Select Switch—Select 
Zero Elimination Switch—Sort 
Brush Selection for Sorting Switches—Select 

Plug from hubs marked "Lower Punching" to hubs marked "Selector" for 
numeric part of alphabet character. Plug from hubs marked "Zone Punching" 
to hubs marked "Selector" for Zone part of alphabet character. 

(3) Zero Elimination 
Sort Select Switch—Sort 
Zero Elimination Switch—"0" Elimination 
Brush Selection for Sorting— 

"Sort" in position corresponding to units position of field being sorted. 
In the same field, column positions to the left of the units position should 

be plugged from hubs marked "Lower Punching" to "zero" hub of "Selector" plug-
hubs It will be necessary to common these columns by plugging from the upper 
row of "Zone Punching" hubs to the lower row of "Lower Punching" hubs. 

At the end of each sort, it will be necessary to turn the "Brush Selection for 
Sorting Switch" for the next column to its "Sort" position. For example, after 
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Borting the units position it will be necessary to turn the tens position switch 
"Sort" etc. 

(4) The sorting common plugboard hub was provided to permit sorting on 
any of the brushes with the brush selection for sorting switches set to the select 
side in order to select a common digit from one or a multiple number of columns. 
A typical problem would be to sort out a multiple number of columns in which a 5 
may be perforated. 

CIRCUIT DESCRIPTION 
Multiple Column Selection 

The following description illustrates the manner in which the machine per
forms when selecting a card perforated with the two digit number 54 from a file of 
cards. 

First card punched 53. The following circuits are effective. At 5 brush read
ing time, a circuit is complete from main line fuse, main line switch, to one side 
of start key contact, commutator No. 2, to one side of MCS commutator No. 1, 
zero elimination switch, contact roll common brush, contact roll, selection brush 
No. 2, one leg of selection switch set to select, closed side of transfer points, plug
board, plugwire, No. 5 hub of selection, No. 5 brush, No. 5 sector of selection com
mutator, common brush feeding individual sectors, MCS No. 1 relay coil, MCS R 
No. 1, 1 a fuse, main line switch to main line fuse. Energizing MCS No. 1 will com
plete the following holding circuit which is effective for the entire reading portion 
of the card under control of MCS commutator No. 2. From the main line fuse, 
main line switch, to one side of start key contact, No. 2 MCS commutator, goose
neck of the brush relay, gooseneck of MCS relay No. 2, normal open points of 
MCS relay No. 1, coil of MCS relay No. 1, MCS-R No. X, 1 a fuse, main line switch 
to main line fuse. At three time the following circuit is complete: From main 
line fuse, main line switch, to one side of start key contact. No. 2 MCS commuta
tor, one side of No. X MCS commutator, zero elimination switch, contact roll com
mon brush, contact roll, No. X select brush, select side of No. X select switch, nor
mal closed side of No. X transfer contact, plugboard, plugwire to No. 4 selection 
plughub, commutator selection brush No. 4, selection commutator which at this 
time is not making on a sector but connects this selection brush with the com
mon selection commutator brush No. 13 which completes a circuit to MCS relay 
coils No. 2 and 3, MCS R No. 2, 1 a fuse, main line switch to main line fuse. 
A similar holding circuit is effective for MCS relay coils No. 2 and 3 as for MCS 
relay coil No. X. 

The effect of energizing MCS relay No. 1 for a 5 reading which is a selected 
figure in this example was to transfer the No. 1 relay points and disconnect a cir
cuit to the No. 3 and 4 MCS commutator. However, since this card was likewise 
punched with a 3 which is not a selected figure in the example, the energization o.f 
MCS relays No. 2 and 3 completes the following circuit to the brush relay and 
sorting magnets so as to sort the card not selected into the 12 pocket. From main 
line fuse, main line switch, one side of start key contact, MCS commutator No. 2, 
gooseneck of brush relay, gooseneck of MCS relay No. 2, armature of MCS relay 
No. 2, MCS commutator No. 3, MCS commutator No. 4, brush relay coil, resistance, 
sort magnets, 1 a fuse, main line switch to main line fuse. From the above it is 
obvious that any card perforated with one or more columns in disagreement with 
the selected digits plugged will cause MCS relays No. 2 and 3 to pick up and cause 
this card to sort into the twelve pocket. 

A card punched 54 in passing through the machine would have completed a 
circuit to MCS relay coil No. 1 twice, once for the five perforation and once for 
the four perforation as the brush readings on the selecting commutator agreed 
with the digits plugged. When such agreement occurs, no circuit to MCS relays 
No. 2 and 3 will be effective and since MCS relay points No. X are transferred, the 
brush relay and sorting magnets are not energized: consequently, the card will 
be deposited into the reject pocket. 

Groups of numbers may also be selected within certain limitations. All cards 
between X and 9, XO and 99, X00 and 999, etc., may be selected with one passage 
of the cards. It is not possible to select between two numbers such as 256 to 376, 
as the controlling digit is always the column to the left of the digit of the highest 
order. When selecting all cards between 1 and 9 the controlling digit would be 
the tens position; for selecting all cards from XO to 99 the controlling digit is the 
hundreds position, etc. 
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ZERO ELIMINATION 
Zero elimination may be accomplished in conjunction with standard sorting 

operations. The object of zero elimination is to enable an operator to start a 
tabulation prior to the completion of a sort. Set switches as illustrated under 
Plugging and Switch Set-up No. 3. Example: Zero elimination on a four digit 
number. 

The first sort would be on the units column. Cards punched 1 to 9 inclusive 
in the units position will sort in the 1 to 9 pockets. The following circuit will re
sult: From main line fuse, main line switch, one side of start key contact, MCS 
commutator No. 2, MCS commutator No. 1, contact roll common brush, contact 
roll, select brush No. 1, brush selection for sorting switches No. 1 set to sort, brush 
selection sorting switches No. 2, 3 and 4 set to select, standard commutator seg
ment brush, segment, commutator common brush, sort select switch No. 2-R, 
brush relay coil, resistances, sorting magnets, 1 a fuse, main line switch to main 
line fuse. 

Zero elimination has little or no function on the first sort, as the only possible 
elimination on this sort on this example would be if the card were punched with 
four zeros. This card would reject as MCS commutator No. 1 breaks between 1 and 
0, thereby rendering the contact roll inoperative for 0, 11 and 12 sensings. Had a 
zero been punched in the units position and a significant digit been punched in 
any one of the other three columns, this card would sort in the zero pocket. 
The circuit is as follows: From main line fuse, main line switch, one side of start 
key contact, MCS commutator No. 2, MCS commutator No. 1, contact roll brush 
common, contact roll, select brush, brush selection for sorting switch set to select 
in any of the three columns where a significant digit appears, transfer points 
closed side, plugboard, plugwire to "0" selection hub, selection commutator, brush 
13, MCS relay coils No. 2 and 3, MCS R No. 2, 1 a fuse, main line switch to mals 
line fuse. 

Energizing MCS No. 2 relay will establish a holding circuit for relay coils 
MCS No. 2 and 3 through MCS commutator No. 2 as previously described under 
multiple column selection. 

Energizing MCS relay No. 3 will close its points which are wired to shunt 
around MCS commutator No. 1, which will render the contact roll operative to sort 
on 0. Therefore, a card perforated 0600 would be sorted in the zero pocket. 

Sorting on the tens columns will cause cards punched 0001, 0002 to 0009 in
clusive to reject and enable an operator to remove these cards to start a tabula
tion. 

Sorting on the hundreds column will cause cards punched 0010, 0011 to 0099 
inclusive to reject, thereby permitting continuous flow of cards to the tabulator 
prior to the completion of the sorting operation. 

For each column sorted the brush selection for sorting switch must be thrown 
from the select side to the sort side, thereby disconnecting the switch of the lower 
order. 

ALPHABETICAL MULTIPLE COLUMN SELECTION 
Selection of alphabetical characters is accomplished in the same manner as for 

numerical selection. A mechanical cam actuated set of 10 transfer points is pro
vided to separate the numerical zone punchings from the alphabetical zone 
punchings. 

It is apparent from the description of numerical selection that as long as the 
punchings agreed with the selection hubs plugged in each of the respective columns 
that only MCS relay No. 1 was energized and the circuit to commutator No. 4 
was broken so that the cards were rejected. A difference in punching in any one 
of the columns selected energized MCS relays No. 2 and 3, which in turn com
pleted a circuit to MCS commutators t~ . 3 and 4 which energized the sorting 
magnet at 12 and caused these cards to be separated from the remainder of the 
group. 

The circuits for alphabetic multiple column selection are identical to those 
for numerical, the only difference being that alphabetical selection each col
umn is sensed twice for agreement. 
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CARD MATCHING DEVICE 
General—The Card Matching Device is an attachment for the Horizontal 

Sorter which is used to select matched cards from a group of cards by means of 
contrasting corner cuts, or from a punched hole. This device may be readily 
installed on any horizontal sorting machine. 

A representative use is the reconciliation of bank statements for tabulating 
card checks. A punched duplicate of each check is created on a square corner 
card and retained in the tabulating department. The original checks (distinguished 
by a corner cut) when returned are sorted along with the duplicates in check 
number sequence. They are then matched; the paired originals and duplicates 
fall into the 12 pocket, while the duplicates not preceded by original checks fall 
into the R or reject pocket. The latter unmatched cards represent outstanding 
bank .checks. 

The foregoing general description requires an offset brush holder and also 
that the detail cards have a 3/8" 45° corner cut. The cards are fed face down with 
the "9" edge toward the feed rolls with the detail cards in advance of the master 
cards. 

Master card matching may also be accomplished by a twelve perforation in 
the detail cards, in which case it is not necessary to use an offset brush holder, as 
any predetermined column may be punched with this twelve perforation. The 
regular sorting brush would be used. 

NOTE—When placing cards in the card magazine to be matched, operator 
must check to see that the first card to go through machine is a detail card, 
otherwise the first card will be sorted incorrectly. 

Principle of Operation—The detail and master cards should be first sorted 
into class or identification number groups by placing the master cards ahead of 
the detail cards. This is standard sorting procedure. 

Replace the regular card brush holder with the offset brush holder provided 
and set same on either the first or last column to correspond with cut corner on the 
detail card. If a 12 perforation is used to identify the detail cards, set the regular 
brush holder in the predetermined column selected for the 12 perforation. 

Place sorted master and detail cards in the magazine face up with the "9" 
edge leading, turn matching device switch to its "ON" position and depress start 
key. Cards sorted into the "12" pocket represent detail cards followed by a single 
master card. All cards rejected represent master cards for which there were no 
detail cards. 

Units—The Matched Card Matching Device consists essentially of the fol
lowing: 

1 MCI relay 
1 Commutator Assembly MCIR 
1 Control Switch 
2 Resistances. 
The relay and resistances are mounted inside of the standard relay cabinet. 

The switch is mounted on the right hand end cover. The MCIR commutator and 
brush holder assembly are mounted on the rear of the machine adjacent to the 
card feed worm gear housing. 

Circuit Description—Wiring diagram (Pig. 3) shows the complete wiring of 
circuits for the Horizontal Sorter equipped with the master card matching device. 

All sorting and total card counting circuits remain the same as heretofore, the 
only difference being the addition of the card matching control circuit which 
functions as follows: .... 

When a corner cut or 12-punched detail card passes under the brush, the 
sorting magnet will be energized in the usual manner as the card brush makes 
contact at "12" and this card will pass into the "12" pocket. At the same time 
the card brush makes contact the MCIR setup brush completes a circuit through 
MCIR commutator, common brush, switch, relay coils, R-6 resistance and 1 
ampere fuse. , , . 

During the first cycle this latter circuit energizes the coils of MCI relay closing 
its points which will complete a holding circuit from 1 ampere fuse, R-6 resistance, 
MCI relay coils, switch, common brush, holding brush, R-5 resistance, MCI relay 
points main switch. The MCI holding circuit remains closed until after the 12 
position of the second or following cycle. During this second cycle if the card has 
a square corner or is not punched with a "12" in the controlling column, the card 

Printed in U.S.A. 
Form 22-8326-0 

Page 1 



8-14-41 CUSTOMER SERVICE INSTRUCTIONS EAM SECTION 080-1! 

bfush circuit will not be completed at "12" and the card would normally be re
jected, but in this case the MCI setup brush will make contact at "12" completing 
a circuit from the MCI commutator, setup brush, R-l resistance, sorting magnet 
and 1 ampere fuse, energizing the sorting magnet until the MCI holding brush 
opens the circuit on this second cycle. This card will be sorted into the "12" \ 
pocket with its preceding detail card. 

After the MCI holding circuit has been broken on any cycle following the last 
detail card, it will not be energized again except from the card brush circuit. This 
latter condition explains why a second master card not preceded by a detail card 
will be rejected. 

Adjustments—1. Adjust MCIR commutator brushes to have 3/16* projection 
from the holder. 

2. Time MCIR commutator in accordance with chart shown on wiring 
diagram, Fig. 3. 

3. Time special selecting commutator holding brush in accordance with chart 
shown on wiring diagram, Fig. 3. 

4. MCI relay should be adjusted for .005" clearance between armature and 
cores, and .005" clearance between points. 

5. Time the special offset card brush so that when the index indicator is set 
on the first or last column according to customer's requirements, the card 
brush will make contact at the edge of the cut corner when the card is 1/64" to 
1/32" under the #11 chute blade. 

Installation—Four holes should be drilled in left side of relay cabinet to 
accommodate two special resistance coil panels as shown in Fig. 1. 

Remove stud and spring cover from rear side rail and remove cover assembly, 
as shown in Fig. 2. 

Install mechanism bracket assembly complete, including MCI commutator, 
also brush holder assembly. (See Fig. 2). 

Replace selecting commutator brush holder with special brush holder. A 
Install new worm shaft cover. " 
Install cable assembly and connect same as shown on diagram, Fig. 3. 

D 
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TOTAL CARD COUNTER 
The Total Card Counting attachment for the Horizontal Sorter is a device 

for counting all cards that pass through the machine. The counter is mounted 
under the magazine at a suitable angle to permit easy reading. The counter is 
operated electrically, has maximum capacity of 99,999 cards and it may be 
reset to "O" by turning the knurled knob on the end of the center shaft. 

The mechanism consists of a "Veeder" counter and the necessary contacts 
and electro-magnet for operating it. The Veeder counter, electro-magnet, arma
ture, and operating levers comprise one complete assembly. The armature is of the 
oscillating type and when the electro-magnet is energized, a pull is exerted 
on the armature which turns it sufficiently to operate the Veeder counter through 
a combination of levers. The travel of the armature is limited by fibre stops 
which arrest the main operating lever and insure silent operation. 

The armature is returned to its de-energized position by a spring incorpor
ated in the armature and attached to a clamp under the bearing cover. The 
spring tension may be adjusted by loosening the bearing cover and turning the 
clamp slightly. However, this should not be necessary, as it is properly ad
justed before leaving the factory. 

The contacts necessary to operate the counter magnets are the commutator 
with brushes and a special card lever contact. The commutator is made in two 
sections so that it may be easily clamped to the card feed knife crank shaft. It 
contains only one segment of a conductive material and completes a circuit, 
through this segment and the two brushes on each card cycle. (See fig. 1). 

The card lever contact is of the double "make" type; that is, two circuits 
are completed at once. The outer contact is used in the card counting circuit 
and the inner contact in the control circuit. The automatic po ket stop con
tact is connected in series with the inner card lever contact. 

Printed In D. 8. A. Page 



7-1-33 MECHANICAL SERVICE INSTRUCTIONS EAM SECTION 530 

The card counter Is connected in series with both the special commutator 
contact and the outer card lever contact. Therefore, when both are closed at the 
same time, which occurs each cycle that cards are feeding, a circuit is comp e 
thru the counter magnets and the counter adds "one." (See diagram). 

The attachment may be installed on machines already in the field In the 

lowing^m^ce car<] lever contact with the special double point contact provided. 
Install the commutator on the card feed knife crank shaft. 
Drill and tap the right end casting as per Fig. 2. The two 6-40 holes are for 

mounting the brush bracket. The t\yo 14-24 holes are for mounting the counter 
bracket. The 3/8" hole is for the insulating bushing. 

Install the brush bracket and brush assembly. Square end brushes should 
always be used and must be adjusted until they just clear the bakelite portion of 
the commutator. . .. . 

Install the card counter bracket and card counter. The race or the cara 
counter protrudes slightly thru a hole in the front of the right end cover. 

Install fibre bushing in the 3/8" hole in right end casting. Rewire the machine 
according to wiring diagram. No resistance is necessary with this style counter, 
except in the first few 220 volt machines. The two coils are connected in Parallel 
for 110 volt operation, and in series for 220 volt operation. However, they will be 
connected in parallel when shipped from the factory for installation on machine. 
In the field and must be changed by the repairman before being installed on 220 

Vt>U Time1 the*commutator so that the brushes make contact Just after the center 
brush leaves the brass segment of the selector commutator. 

Install the new end cover and test the machine, making sure that the counter 
operating lever does not strike the cover. The head of the screw that clamps the 
operating lever to the counter shaft should be down. 
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P R E V E N T I V E  M A I N T E N A N C E  

Sorter, Type 80 

D R I V E  A N D  C A R D  F E E D  M E C H A N I S M  
I. Cleaning 

Brush out thoroughly all accumulated card dust and dirt from card maga
zine and feed area into waste basket or suitable container, never on the floor. 
Clean all dirt and old grease from worm gears, drive shaft, and oil holes of 
feed roll bearings. 

II. Inspection 
1. Feed, (see General Section—Horizontal Feeds) 

( a )  C L E A N I N G  
( b )  F E E D  K N I F E  A D J U S T M E N T S  
( c )  F E E D  K N I F E  G U I D E  S L I D E S  
( d )  C R A N K  S H A F T  A N D  C O N N E C T I N G  L I N K  B U S H I N G  f o r  

wear indicated by excessive movement of feed knife slide assembly 
( e )  E V E N  F E E D I N G  O F  C A R D S  
( f )  H O P P E R  S I D E  P L A T E S  
( g )  R O L L E R  T H R O A T  
( h )  F E E D  R O L L  T E N S I O N  p a r t i c u l a r l y  o n  f i r s t  t h r e e  s e t s  o f  g e a r s .  

Also, check for wear on these. 
( i )  H O P P E R  P O S T S  

2. Horizontal Shaft 
( a )  W O R M  G E A R S  f o r  w e a r  a n d  l u b r i c a t i o n .  
( b )  T H R U S T  B E A R I N G  f o r  w e a r  a n d  l u b r i c a t i o n  
( c )  R E V E R S E  L O C K  f o r  w e a r  o n  p a w l  a n d  s p r i n g  r e t a i n i n g  w a s h e r  
( d )  D R I V E  P U L L E Y  f o r  w e a r  a n d  l o o s e n e s s  o n  s h a f t .  

III. Lubrication 

IBM 6 

( 1 )  I n d e x  s p i n d l e .  

IBM 9 

( 1 )  F e e d  r o l l  b e a r i n g s ,  b o t h  u p p e r  a n d  l o w e r .  
( 2) Oil cups on horizontal shaft bearing. 
/ f x  R e v e r s e . ' ° c k  m e c h a n i s m  i n c l u d i n g  t h e  s p r i n g  r e t a i n i n g  w a s h e r .  
( 4 )  F e e d  k n i f e  a s s e m b l i e s .  

IBM 17 

( 1 )  L a r g e  w o r m  g e a r  a t  h o p p e r  e n d  o f  h o r i z o n t a l  s h a f t .  
( 2 )  F e e d  r o l l  d r i v e  w o r m  g e a r s .  

IBM 21 

( 1) Feed knife crank shaft and operating arms bearings 
( 2 )  T h r u s t  b e a r i n g  o n  p u l l e y  e n d  o f  h o r i z o n t a l  s h a f t .  

S O R T I N G  M E C H A N I S M  
I. Cleaning 

Remove card guide and sort magnet armature and thoroughly clean all 
dirt and card lint from machine. Be sure and clean all dirt from stop studs 
on bottom of card guide, but do not use Trimite to clean these Replace the 
guide and armature after inspecting them for wear. Be sure and clean dust 
trom between contact roll and common brush bracket. 

II. Inspection 
1. Sort Magnet Armature for wear and worn residuals while armature is off 

and adjustments after re-installing it. Be sure and check for proper return 
spring tension after checking chute blades. 
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2.  Chute Blades for wear, proper tension and adjustments. A fast way of 
checking some chute blade adjustments is by use of a gauge made in 
the following manner: 

Cut an old chute blade into a strip about 9" in length. Finish one end 
so it is straight and square. About LA" from the end scribe a line across 
the chute blade. Mark off eleven more lines XU" apart from this line. 
This will make 12 scribed lines. Scribe another line 2%" from the last 
line. When the gauge is inserted into the chute blades through the 
throat to this line, it will show the proper position of the #9 chute 
blade and the following blades as they are VA" apart. This can be used 
for positioning of new blades when they are installed. This gauge can 
be used to check the card guide end adjustment as it is .008" thick. 

Check chute blade tips with chute blade gauge. Gauge should slide 
under tips and not hit end of blades. This will test chute blade tips for 
cards passing under the tips. 

Slide gauge through so all chute blades are resting on top of gauge. 
Attract sort armature. Withdraw gauge and check each blade to see if 
gauge will slide over each tip and not hit end of chute blade. This will 
test each chute blade tip for card passing over the end of chute blade. 

Check clearance between card guide and card guide end with gauge. 

3. Commutator 
(a) CLEANING. Remove commutator and clean segments and switch 

contact spots with Trimite Paper. Replace commutator if badly 
worn. 

(b) SWITCH CONTACT STRIPS for good tension. 
(c) BRUSHES for wear and timing. If it is necessary to replace a 

brush be sure to stone the face slightly to remove any sharp edges 
that would cut and wear commutator. 

4. Sorting Brush Holder Assembly for freedom of contact plunger, worn or 
loose locating pins and centering of brush in hole. Centering of brush 
can be checked by punching a group of cards in all positions 9 through 
12 in columns 1-40-80. As these cards run through the machine with 
the sorting brush on one of these columns, any variation of the brush 
from the middle of the punched holes can be easily seen. 

5. Sort  Brush for wear and timing. When the brush has a positive potential 
with respect to the contact roll, an insulating film is formed on the face 
of the brush which either prevents or delays the impulse through the 
hole in the card, and when it has a negative potential with respect to the 
contact roll, the chance of building up the insulating film is minimized 
to a large extent. This can be checked by raising the card brush from 
the contact roll, turning the machine until the sort commutator is rest
ing on a segment and determining the polarity of the contact roll with 
a voltmeter. If the negative terminal of the voltmeter is placed against 
the card brush holder and the positive terminal against the contact roll 
and the meter deflects in the proper direction, no change is necessary in 
the machine. If, however, the voltmeter reads backwards, the output 
leads of the selenium rectifier should be reversed on AC machines. On 
DC machines, it will either be necessary to provide polarized plugs on 
the attachment cord or identify the plug and instruct the operator so 
that the attachment cord will always be plugged in the same way. The 
wiring to the polarized plug must be such that the brush will be nega
tive with respect to the contact roll when inserted. WHEN POLARITY 
IS REVERSED, CLEAN ROLL AND REPLACE CARD BRUSH. 

6. Sort  Magnet Armature Knockoff for timing and wear. The sorting magnet 
armature knockoff is now adjustable in order that it may be effective at 
all times, and consists of a threaded stud mounted in the third lower 
feed roll assembly and held in position by a locking nut. The stud 
should be adjusted for a clearance of .005" to the sorting magnet arma
ture with the magnet de-energized and the armature held in position 
at the limit of its upper travel by spring tension. 
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III. Lubrication 

I B M  9  
(1) Very slight amount on sort magnet armature pivots. 
(2) Spindle pivots bearings and positioning rollers. 

IBM 17 
(1) Very light film on surface of commutator. 
(2) Cotter pin where it hooks the spring and where it comes through 

the hole in the sort magnet armature. 

B A S E  

I. Cleaning 
The entire base of the machine, including legs and braces, should be 

cleaned with a rag dipped in cleaning fluid. 

II. Inspection 
1. Stacker Pockets ( see General Section ). Also check card deflectors for wear. 

2. Card Levers and Pocket Stop (see General Section—Card Levers). 

3. Duo Relays (see General Section). 
4. Slate Base Relays. Particular attention should be paid to the brush relay 

as this receives the most wear. 
(a) ARMATURE PIVOT SCREWS for wear. If worn out of round, 

these should be replaced. Remove the relay from the machine to 
replace and re-adjust the pivot screws properly. Use IBM 6 on these. 

(b) ADJUSTMENTS of .005" between armature and cores when at
tracted, and .008" between contact points when de-energized. 

(c) RETURN SPRING for good tension. 

5. Drive Motor (see General Section—Motor Generators). Excessive ten
sion of the "V" Belt on Type 75 and 80 machines reduces the life of the 
belt and the left hand bearing of the horizontal drive shaft, and also 
reduces the speed of the machines. Tests have been conducted which 
have shown that the "V" Belt on this machine should be relatively loose 
in comparison to the tension applied by most customer engineers. The 
proper tension may be obtained by adjusting the motor platform so 
that when the belt is grasped at the top of the base there will be a 
barely perceptible movement of the motor platform as the distance 
between the inner faces of the belt at this point is reduced to between 
13A" to 2". Care should be taken to tighten the motor platform adjust
ing screw properly so that it does not settle and destroy this adjustment. 
Lubricate the motor with a few drops of IBM 9 lubricant. 

6. Bijur System (see General Section). 
7. Veeder Counters for armature travel and freedom of movement. Lubricate 

with IBM 6. 
8. 75 Vertical Shaft. Clean commutators with rag soaked in cleaning fluid. 

Check commutators and brushes for wear and timing. Lubricate com
mutator surfaces with very light film of IBM 17. 

9. Contact Roll Cover Switches and Latch. Check for proper operation. 

T E S T S  

RUN A STANDARD test deck, 9's first, then 12's first to check all chute 
blades and sorting into all pockets. Check especially for any nicking or 
marking of the cards. 

Machines equipped with special devices should have test decks run 
through to check these units. 

Form 22-5746-2 
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P R E V E N T I V E  M A I N T E N A N C E  
Accounting Machine, Type 285 

C A R D  F E E D  U N I T  
I. Cleaning 

All dust and dirt should be brushed out of the hopper. Remove contact roll 
and brush assembly to clean feed unit properly. An easy way to clean dirt 
from the surface of the feed rolls is to hold the end of a card that has been 
dipped in IBM 6 lubricant and allow it to drag between two rolls while they 
are turning. This wiping action will take most of the dirt off the rolls. Be sure 
that all dirt and foreign material is removed from the gear teeth, as this will 
cause the gears to bounce and result in uneven feeding of the cards. 

II. Inspection 

1. Feed Unit 

(a) FEED KNIFE for an even projection of .0045 "-.005". Use a leaf 
gauge and check by feeling for a projection over the edge of the gauge. 

(b) CARD LEVELERS for JV  " clearance to top of cards. 
(c) THROAT BLOCK for having crown in line with top edge of throat 

knife. 
(d) THROAT KNIFE for wear and for .008 "-.010" opening. If the 

throat block is properly adjusted, an .008" gauge should pass freely 
through in the three directions, but a .010" gauge should not pass. 

(e) HOPPER SIDE PLATES. These should be checked for proper card 
brush alignment and far enough apart to allow .005"-.008" clearance 
over the length of the card. This can be easily checked by inserting 
a card between the hopper side plate and the cards in the hopper. 
Adjusting the filler plates for a snug fit of this card will give approxi
mately .006"-.007" clearance. 

With brush assemblies in the machine, run in cards punched 5 in 
alternate columns, stopping the machine between 7 and 6. Remove 
contact roll assemblies and check alignment of the punched holes 
with the separator slots. Each punched hole must be exactly central
ized over the space between separators. This should be checked with 
the cards against first one side and then the other side of the hopper 
bed. If the two sets of brushes are not in line with each other, adjust 
the entire brush holder and separator assembly of one set. The brush 
holder and separator assembly can be shifted slightly because of 
oversize holes for the mounting screws. 

(f) FEED ROLL TENSION for being even all the way across. Check this 
with power off by inserting four strips of a card between the rolls, and 
comparing the tension as each strip is pulled out of the rolls. Repeat 
at five or six different points throughout the cycle. If tension is not 
even, look for worn feed roll bearings, bent feed rolls, foreign matter 
in feed roll gears which causes the feed rolls to separate, or misalign
ment of the feed roll gears on the two ends which will cause the gears 
to climb up on the teeth. The last can best be remedied by loosening 
the two set screws in both gears, and turning the feed roll slightly so 
that the set screws will find new seats. Run the machine a few cycles 
to allow gears to fully mesh and tighten the set screws. 

When tightening the drive gear, set it for no more than .004" end 
play. Remove the feed roll pressure bracket to check this. 

As a final check to make sure that the feed rolls are not weaving 
in and out, run the machine and watch both end bearings of the feed 
rolls on the inside of the feed castings. Any perceptible movement 
may cause the cards to be fed unevenly, resulting in arcing of the 
brushes or other improper operations. The above test should be made 
with no cards being fed, because when cards are fed, the feed rolls 
do move back and forward the thickness of the cards. 

2. Brush Assemblies (see General Section) 
(a) CLEANING 
(b) BRUSH SEPARATORS 
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(c) BRUSHES 
Id) W PROTECTION 
(e) BRUSH ALIGNMENT TO SCRIBED LINE 
(f) BRUSHES EVEN SPACED BETWEEN SEPARATORS 
(g) BRUSH TRACKING 
(h) BRUSH TIMING 

3. Card Levers (see General Section) 

4. Stacker 

(a) BROKEN STACKER SPRINGS ^ ^ 
(b) TIMING to grip cards in middle of "9' . 
( c )  ESCAPE VALVE at top of dash pot so that the stacker table 

returns fully to normal when released, but so that it does not strike 
with force. 

5. Feed Clutch 
( a )  WEAR particularly on the driving pawl and the release^pin for 

looseness. Either of these conditions may cause a chattering clutch 
It is necessary to remove the drive pulley to check these. Do not 
forget that the screw holding the drive pulley is a left-hand thread. 

(b) LATCH for unlatching and re-latching clearances. 
(c) CLUTCH MAGNET CONTACT for dirt, burnt points and ad-

justment. 

6. Card Feed CB's (see General Section—Circuit Breaker Cams) 

7 Contact Roll Assembly for freedom of movement and no burnt or arced spots-
Also check contact plungers for freedom of operation. 

III. Lubrication 

I B M  6  
(1) CF-CB cam follower rollers, followed by IBM 17. 
(2) CF-CB cam contact pivot points. 

I B M  9 
(1) Cross beam bearing surfaces. 
(2) Cross beam links at pivot points. 
(3) All gear shaft and feed roll bearings on both sides of the feeds. 
(4) Idler gear bearings on both sides of the feed. 
(5) Two oil cups, one on each of the CF-CB shafts. 
(6) Feed roll pressure bracket oil wells. 
(7) Clutch and drive pulley pivot points. 
(8) Drive motor bearings. 
(9) Stacker drive gear pivots. 

(10) Stacker drum pivots. 

(12) Contact'roll bearings and gear chain driving the contact roll. These 
are located inside the side castings alongside of the brush assembly. 

I B M  1 7  
(1) Light film on gear teeth. 
(2) Very light film on linen dilecto CF-CB cam surfaces. 
(3) Stacker opening cams. 

C O U N T E R  U N I T S  
UNLESS A COUNTER has been giving trouble, it need not be removed 
from The base when inspected. If ever a counter has to be removed from the 
base to replace a part, take advantage of the opportunity to lubricate all 
cams and followers accessible from -the bottom of the counter. 
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I. Cleaning 

Clean all old grease and dirt from the unit. If too much lubrication has 
Deen used in the past, oil and dirt sometimes accumulates between the add 
magnet cores and their armatures. This can be wiped off with a rag soaked in 
cleaning fluid at the time the add magnets are removed for inspection of 
their armature residuals. H 

II. Inspection 
1. Lower Counter (see 601 Section for details) 

(a) ADD WHEEL CLUTCH GEAR 
(b) ADD MAGNET ARMATURES 
(c) CLUTCH TEETH OVERLAP 
(d) OVERTHROW LOCK ASSEMBLY 
(e) CARRY MAGNET 

2. Upper Subtract Counter 

<?> SUBTRACT MAGNET ARMATURE for loose pins. 
(b) LATCH LEVER for overlapping the latch by ' This will also 

indicate that the unlatching clearance is right. If it is too great 
/ \ p B be sIuSg'sh, resulting in "adding over." 
(c) SUBTRACTION PAWL for overlap on ratchet. This should be '/. 

rh„AVany Hne mdex- and A " to A " at "F". See next item for test oi this under power. 
(<3> S NViT l°J adjUStmfnt ^ tnPPin8 °ff the adding clutches, un

latching the three-point latches and turning the three-lobe cams. As 
d?sengaging starts up the high dwell, the clutch should start 

nfThhiSsadjUStrmem mUSt be rde carefu"y. because a too low setting of the hex nut will prevent the clutch teeth from bottoming 
To check under power the hex nut and subtract pawl overlap 

Center' Th"6 !£?• COun*er1t0, subtract. a"d subtract all 9's in the 
counter The adding wheels (except the ninth position) should not 
move when subtracting 9's. Remove carry magnet wire to prevent 
carrying of elusive 1 to units position. prevent 

If all the adding wheels "rock", it indicates that the clutches are 
not disengaging early enough to prevent "nipping". The overlap^f 
the subtraction pawl on the ratchet will have to be increased bv 
changing the relationship of the intermediate gears. If only one or 
bI°chWS. ° ' the hex "Ut adjUStment these positions ZZ 

(e) LOWER COUNTER ARMATURE KNOCKOFF for alignment 
with the add magaet armature and for adjustments. Place a hght 
at the back of the counter and check to see that the armature knrck 
offs extending downward into the lower counter f , 
line up laterally with the armatureThenIheJnZ P ST"? 
poi n t s  o f  t h e  t h r e e - l o b e  c a m s  A t  t h i s  p o i n t  c h e c k  a T ' ° "  Z 
armature knockoff by pushing the lower armature with a screwdrWel 
back against its cores. There should be increased spring lendon on 
the armature as soon as it is moved. tension on 

With the three-point latches latched and th* ^ i 
dweils of the cams, the add magnet armatures shouldS unlatch the 
dutch lever without touching this knockoff. This applies to the 
earlier as well as to the present type of lever applies to the 

The above checks on the lower counter armature knockoff adjust-

s? r-rsjzvzx ijrs 

ssa'isr " •* * 

3. Top Counter Moulding Assembly (see 601 section for detail) 
4. Counter Reset Clutches for freedom operation and proper adiustment of the 
SwhfthT tWhCh Wi" P?fIti0n Treset sbaft gear on Its shaft so that when the clutch is manually engaged, the coupling pins will operate 
Afsoychec0k Z f"" gCar u(Th,-he machine ^ a latched^ position) Also check for loose screws in the kick-over fingers. 
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III. Lubrication 

IBM 6 

(1) Adding clutch lever pivots. 
(2) Adding clutch gear pivots. 
(3) Add wheels. 
(4) Top counter shaft pivots. 
(5) Three-lobe cam pivots. 

IBM 9  

(1) Clutch disengaging lever bail pivots. 
(2) Overthrow lock pivots. 
(3) Carry lever bail pivots. 
(4) All bearing on both side plates. 
(5) Oil wells in counter drive shaft bearings under each counter. 
(6) Oil well in counter reset shaft bearings in front of each counter. 

IBM 17 

(1) Clutch grooves on add wheel clutch gears. 
(2) Overthrow and carry lever bail cams. 
(3) All cam surfaces under counter; these should be lubricated every time 

counter is removed. 
(4) Light film on the inside surface of the top counter mouldings any 

time they are removed. 

P R I N T  M E C H A N I S M  
I. Cleaning 

This will be covered in each unit under the inspection heading. 

II. Inspection 

1. List  Mechanism The carriage and magnet unit should be removed to inspect 
properly the mechanism under them. 
(a) CLEANING. Wipe off all dirt and old grease from bearing surfaces. 
(b) ROCKER SHAFT for wear and loose pins. 
(c) MAGNET UNIT STOP PAWL RESTORING MECHANISM for 

wear and binds. These should work freely and not bind with one 
another. 

(d) LIST CAM for freedom from bind on its shaft and for wear of in
ternal cam. The cam rocking on its shaft when the machine is set to 
tab and cards are feeding is an indication that the cam is not properly 
lubricated. 

(e) LIST CAM FOLLOWER ROLLER for wear and freedom of 
operation. 

(f) LIST CAM PAWL for loose pivot, freedom of operation, and un
latching clearance. 

(g) HAMMER TRIP LEVER ARMS for wear on the end that oper
ates against the side operating links. A small amount of wear here 
can cause one side to trip off before the other. 

2. Total  Print  Mechanism 

(a) CLEANING. Wipe all dirt and old grease from bearing surfaces. 
Wash any grease from reset clutch contact and "P" cams with clean
ing fluid. 

(b) RESET CLUTCH for freedom of operation, worn pivots and ad
justments. 

(c) WORM GEAR for wear and proper lubrication. 
(d) "P" CAMS (see General Section—Make and Break Cam Con

tacts) 
(e) TOTAL PRINT CB's (see General Section—Circuit Breaker 

Cams). Timing on these should be set according to the total print 
list lap, but only after this total print list lap has been previously 
checked. 

••• 
m 



P R E V E N T I V E  M A I N T E N A N C E  C U S T O M E R  E N G I N E E R I N G  

(f) TOTAL PRINT EMITTER. The brushes for wear and damage. 
Replace any that show a noticeable bevel. Apply a thin coat of IBM 
17 lubricant to emitter. Time brushes so that they make before and 
break after total print CB's. 

3. Magnet Unit  

(a) CLEANING. Clean all dust and staples from unit. Check for paper 
clips among terminal posts. 

(b) STOP PAWLS for freedom of operation. 
(c) STOP PAWL RESTORING BAIL for relatching all stop pawls. 
(d) KNOCKOFF BAR for adjustments. 

4. Print  Unit  

(a) CLEANING. If the face of the type is dirty and filled with ink, 
crank the machine so that the type bars rise to their upper limit of 
travel and clean them with a plastic type cleaner. The type may be 
cleaned by rolling the cleaner over the face of the type. This operation 
will remove all ink and dirt in the type face. If both the type face and 
type tail are loaded with ink, the type unit should be taken off the 
machine and the type bars removed. Once the bars are removed, it 
is best to use a brush and completely clean the entire bar with clean
ing fluid. At the same time, compress the type springs so that the ink 
may be thoroughly washed from the interior of the type case. It is 
essential that bars washed in cleaning fluid be re-lubricated with 
IBM 6. 

(b) TYPE BARS BEFORE REPLACING for broken or weak type 
springs, worn type case, loose rivets, bent type, etc. 

(c) TYPE BARS AFTER REPLACING for binds or sticky conditions. 
Return all type bars to their original position. 

(d) SIDE OPERATING LINKS for wear and tripping off evenly. Both 
ends must trip at exactly the same time. Check this by turning the 
machine over by hand, going very slowly at the point where hammers 
fire. 

(e) HAMMERS for broken springs and for free movement in their comb. 
They should all restore with the hammer bail with none of them 
lagging back. Any dirt in the comb will interfere with the hammer 
return. 

(f) CROSS HEAD TRIP LEVER LATCH for even tripping of the 
trip levers and for wear where the trip lever comes up against the 
latch. This should also be checked by turning the machine over by 
hand, making sure that both trip levers do latch and that they both 
unlatch at exactly the same time. 

(g) RESTORING BAIL OPERATING LEVER for loose shaft. This 
can be checked by removing both springs and holding one lever 
solidly in place; try to rock the other one. There should be little or 
no movement on one end that is not immediately transferred to the 
other end. 

(h) LIST LAP. This should be checked for both list and total lap. The 
lap on the right-hand side can be easily seen by looking through the 
hole in that end. The lap on the left end can also be seen through the 
hole in the right-hand side if a thin strip of white paper is inserted 
between the last bar on the left and the side casting. By shining a 
light on to the right side of this paper, enough light will reflect back 
to the stop pawls to enable them to be seen easily. 

(i) RIBBON FEED. Check the ribbon feed ratchet wheels for wear; 
see that when the ribbon reaches the end of the spool, the operating 
rivet in the ribbon will cause the ribbon to reverse. 

5. Standard Carriage 

(a) CLEANING. Remove as an assembly to clean out all paper dust 
and form staples. Use IBM #9 lubricant on all rollers and operating 
bails, and also on feed pawl and detent roller under carriage cover at 
left end of the assembly. 

(b) PLATEN for proper clearance to type bars. 
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(e) PLATEN FEED R*TC£(uid ftilly'sea? hfthTdeWnt ratchet after 
S-.™ce.^'S StS extreme ,i«h, ,»d extreme 

left positions. 

111. Lubrication 
I B M  6  

(1) Hammer pivots. 
(2) Type bars and type tails. 
(3) Ribbon feed mechanism pivots. 
(4) Magnet unit stop pawl pivots. 
(5) Latch restoring pivots (both sides). 
(6) Stop pawl restoring bail pivots (both sides). 
(7) Print magnet armature pivots. 
(8) Total print CB cam roller and pivots. 

I B M  9  
(1) Restoring bail pivots (both•sides). 
(2) Side operating link pivots (b°tbs^-bars. 
(3) Two oil cups; one at each end of yp 

6 Rocker shaft pivots (both ends and center). 
(7) List and reset clutch pivots. 
(8) List tab handle shaft pivots. 

(!» Tomato SSV.™ >. both end. mfd brcx. 

$>> srs; ss ...<*««.. p.™. pofbtx 
(13) Line spacing mechanism pivot points. 

""//Restoring bail operating levers where trip lever adding screws 
strike. 

(2) Bottom tip of trip lever. 
(3) Cross head pawl. 
14) Internal cut in list cam. 
(5) All cam follower rollers on list and tota 
(6) Total print CB cam rollers. 
(7) Very light film on linen dilecto. 

(a) "P" cam surfaces. 
(b) TPCB cam surfaces. 
(c) Emitter surfaces. 
(d) Type bar lever bumper stop. 

(8) Stop latch arm assembly. 
(9) Line spacing cam and rollers. 

I B M  2 1  
(1) List cam grease fitting. 

B A S E  

| .  C l e a n i n g  . . . ra„ soaked in cleaning 
The entire machine should be wiped down wit 

fluid. 

^^cl^see Genera/ Section-Make and Break Cams) 

2 Relays (see General Section—Duo Relays) 

2. Control  Panel  (see Genera/ Sectfor.)I and reset motors. 
4.  Motors  (see General Sectron). Check botn 



8 P R E V E N T I V E  M A I N T E N A N C E  C U S T O M E R  E N G I N E E R I N G  

I I I .  L u b r i c a t i o n  

IBM 6 

(1) Duo relay armature pivots. 

IBM 9 

(1) Motor bearings (only a small amount). 
(2) Control panel pivot frame. 

IBM 17 

(1) Light film on linen dilecto cam sufaces of "L" and total print CB cams. 
(2) Cam follower rollers on total print CB's. 
(3) MCR armature pivot points. 

T E S T  

CUT THE CB duration down to J/g" by advancing the break time. Then use 
a 200 card test deck to check list, add, subtract and control. If in proper con
dition, the machine should work correctly on this short duration time. 

Form 22-5751-0 
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ADD OR REMOVE SHIMS 
FOR 13/32 (.406) CLEARANCE 
BETWEEN LEFT CORES 

HIGH 
GONTR'OL 
\ ill 

i$PE£D 
.MAGNETS 

CONTROL MAGNETS 

INSTALL FRONT BOLT FROM 
BOTTOM, NUT ON TOP. 

TWO SPEED CLUTCH MAGNET UNIT 

©ADD OR REMOVE SHIMS FOR 
/\002-004 CLEARANCE BETWEEN 

ARMATURE AND RIGHT CORE WITH 
ARMATURE TOUCHING LEFT CORE 

LOOSEN BOLTS 5 BEFORE STARTING ADJUSTMENTS ON 
SCREWS 3 AND 4. ADJUST SCREW 3 FOR .010 CLEARANCE 
WITH HIGH SPEED MAGNET ENERGIZED. MOULDED 
LINING ON TAB SIDE. 

3_ 

SHIMS 
I3TS5 - .005 
253G0 - .002 

AFTER MAKING ADJUSTMENTS 
3AND4 TIGHTEN THE BOLTS 
BY TURNING NUT. THIS WILL 
CAUSE THE CLUTCHING ARM TO 
SWING WITH THE NUT AND 
ELIMINATE ANY CLEARANCE 
BETWEEN THE YOKE AND SCREW 
3 OR 4. 

ADJUST SCREW 4 FOR .020 CLEARANCE 
WITH THE LOW SPEED MAGNETS 
ENERGIZED. WOVEN LINING ON LIST SIDE. 

ON MACHINES EQUIPPED WITH THE STYLE FORKED ARM 
SHOWN BE SURE THAT LOOKING SCREW "A* IS ONLY TURNED 
DOWN TO SEAT. ANY ADDITIONAL FORCING OF THIS SCREW 
WILL CAUSE THE FORKED ARM TO WARP AND RESULT IN 
THE DRIVE PULLEYS BINDING WHEN CHANGING SPEEDS. 

OH MACHINES EQUIPPED WITH WOVEN LINING ON BOTH 
TAB AND LIST SIDE ADJUST FOR.OOB-.OI2 CLEARANCE 
BETWEEN ARMATURE AND CORE. SAME SETTING ON BOTH 
SIDES. A HEAVY DRAG ON TWO TABULATING CARDS WILL 
GIVE A CORRECT ADJUSTMENT. 

TO REPLACE OR CLEAN CLUTCH LiNING 

WHEN REPLACING TAPER PINS, REPLACE OUTBOARD 
BEARING FOR SUPPORT OF WORM SHAFT 

REMOVE OUTBOARD BEARING AND CLUTCH FLANGE 
WILL SLIDE OFF FRONT OF WORM SHAFT. 
REPLACE OUTBOARD BEARING TO SUPPORT THE 
WORM SHAFT WHILE DRIVING OUT TAPER PINS. 
REMOVE FRONT PULLEY 
REMOVE FRONT FORK 
•REMOVE CLUTCH PULLEY COLLAR 
REMOVE OUTBOARD BEARING 

REMOVE TAPER PIN 



MAIN DRIVE HOUSING 
OIL FILLER HOLE 

m FfJ. i rn 
-360 SERRATIONS ON GEAR S HUB, HELD 
TOGETHER BY SPANNER NUT,ALLOWS 
CORRECT SETTING SO THAT FEED CLUTCH 
ENGAGES AT 330.° SERRATIONS TO TAKE 

POSITION IDLER GEAR N.NKN 
MOUNTING PLATE FOR CLOSE \x N) 
MESH WITH BOTH DRIVE AND 
DRIVEN GEARS. CHECK FOR 
LEAST CLEARANCE AND NO 
BINDS 

ROLLER BEARING ADJUSTMENT. 
TAKE UP ON REAR END CAP \ 
UNTIL BEARINGS BIND SLIGHTLY 
ON ROTATION, MEASURE SHIM 
SPACE ADD ADDITI0NAL.003 
SHIM THICKNESS TO GIVE 
SLIGHT END SHAKE. 

TAPERED ROLLER BEARINGS 
CANNOT BE INSTALLED IN 
HOUSINGS EQUIPPED WITH 
BALL BEARINGS 

SABB|TTSGLEARSET SEALANT 66* 
USED TO SEAL BEARING RETAINERS 



3 

OILITE  BEARING 

n  



ECCENTRIC STUD FOR .001-.002 
CLEARANCE OF ROLLER.TO THE 
LOW DWELL OF THE CAM. 
CHECK ELECTRICAL TIMING IN 
MACHINE AT TIME OF INSTALLATION 

LATCH .062 IN NORMAL POSITION 

ADJUST ECCENTRIC STUD 
TO OBTAIN .030 TRAVEL OF ^ 
CAM ARM PAST CAM ARM LATCH 
ON HIGH DWELL/ 

(4) ADJUST ECCENTRIC BUSHING SO THAT ARMATURE 
KNOCKOFF CARRIES ARMATURE WITHIN .005-.0I0 
OF STOP PIN. THIS SHOULD CARRY CAM ARM 
LATCH .015-.025 ABOVE TIP OF ARMATURE. 

©POSITION CORE FARTHEST FROM PIVOT FOR .025 
CLEARANCE TO ARMATURE IN NORMAL POSITION. 
THIS PROVIDES .007-009 UNLATCHING 
CLEARANCE. / 

©POSITION CORE NEAREST PIVOT FOR .003 
CLEARANCE TO ARMATURE IN ATTRACTED 
POSITION. 

UNIVERSAL 

SWITCH PLATES 

ON P.B.C.B. PLATES ADJUST 

SWITCH PLATE UNIT 

CAM ARM SHOULD OVERLAP CAM ARM 

MAGNET TERMINALS 

ADJUST WITH CAM ROLLER IN CENTER OF DWELL 
AT 330* 

.023-.025 AIR GAP UPPER CONTACTS M-336 B-186 

.025-.028 AIR GAP LOWER CONTACTS M-202 B-250 

TSA-TSB-TSG CONTACTS 
WITH PLATE LATCHED ADJUST UPPER STRAP TO HAVE 
1/64 TO 1/32 MOVEMENT AT CONTACT STRAP. CENTER 
AND LOWER CONTACT SHOULD HAVE .050 AIR GAP 
AT THIS TIME. 

WITH PLATE UNLATCHED ADJUST LOWER STRAP TO HAVE 
1/64 TO 1/32 MOVEMENT AT CONTACT POINTS. CENTER 
AND TOP STRAP SHOULD HAVE GOOD .040 AIR GAR 

TSA-M-300 B-186 
TSB M-340 B- 205 
TSC M-335 B-184 

PLATE*f2 
DIGIT TRANSFER CONTACTS .050 AIR GAP M-235 B-280 

UNIVERSAL CONTACTS .018 AIR GAP M-168 B-222 

T S D  C O N T A C T S  
.050 AIR GAP IN NORMAL LATCHED POSITION M-335 B-184 

CHECK ELECTRICAL TIMING ON CORRECT PRINT FOR 
MACHINE. 



T 
COUNTER -CANCELLATION MAGNET-ADJUSTMENTS 

ADJUST KNOCKOFF 
FOR .601-.002 
CLEARANCE BE
TWEEN ARMATURE 
AND STOP WITH 
RESEST ARM ON 
HIGH POINT OF CAM 

POSITION ARMATURE PIVOT 
FOR .020-025 TRAVEL 
PAST LATCH POINT WITH 
RESET ARM ON JHIGH POINT 
OF CAM 

POSITION LOWER 
CORE WITH ARM
ATURE IN ATTRACTED 
POSITION FOR 002-
.004 UNLATCHING 
CLEARANCE 

WHEN ADJ 283 
HAVE BEEN MADE 
CORRECTLY THERE 
WILL BE AN OVER
LAP 0F.0I9-.022 

POSITION ARMATURE BACKSTOP 
FOR .015-017 CLEARANCE BETWEEN 
ARMATURE AND CORE FARTHEST 
FROM PIVOT. RECHECK ADJUSTMENT I 

POSITION MAGNET YOKE FOR 
.002-.004 CLEARANCE BETWEEN 
ARMATURE AND CORE NEAREST 
PIVOT WITH ARMATURE TOUCHING 
OTHER CORE. RECHECK ADJUSTMENT 2. 



ADD MAGNET ADJUSTMENTS 

II) POSITION MAGNET YOKE 
FOR .002-.004 CLEAR
ANCE BETWEEN ARMATURE 
AND CORE NEAREST PIVOT 
WITH ARMATURE TOUCHING 
OTHER CORE. RECHECK 
ADJUSTMENT 6. 

7) POSITION ARMATURE PIVOT 
FOR .011-.0I3 TRAVEL PAST 
LATCH POINT WITH CLUTCH 
ENGAGING ARM ON HIGH 
POINT OF CAM. 

9) POSITION ARMATURE BACKSTOP 
FOR OI5-OI7 CLEARANCE 
BETWEEN ARMATURE AND 
CORE FARTHEST FROM PIVOT 
RECHECK ADJUSTMENT 7. 

12) ADJUST KNOCKOFF FOR 
001-.002 CLEARANCE 
BETWEEN ARMATURE 
AND STOP WITH CLUTCH 
ENGAGING ARM ON 
HIGH POINT OF CAM 
CHECK BOTH CAMS 

WITH ARMATURE 
ATTRACTED POSITION 
CORE FARTHEST FROM 
PIVOT FOR .002 -.004 
CLEARANCE AT THE 
POINT OF UNLATCHING 

tO) WHEN ADJUSTMENTS 8 AND 9 
HAVE BEEN MADE CORRECfLY 
THERE WILL BE AN OVERLAP 
OF 019-022 



H9HI 

ADD OR REMOVE SHIMS 
#123534 FOR .001-.002 

END SHAKE OF SHAFT 

CAMS .060,.065, OR.070 THICK 
AVAILABLE TO OBTAIN MAXIMUM 
TOOTH EN6AGMENT WITHOUT 
BOTTOMING. USE SHIM 127413 
.002 THICK TO OBTAIN CLOSER 
ADJUSTMENTS 

OR 
#123534 
CLUTCH 

REMOVE SHIMS 
FOR 003-010 
CLEARANCE 

SIZE IDENTIFICATION PART NC 
.060 NO GROOVE 123556 
.065 1/32 CIRCULAR GROOVE 123460 
.070 1/16 CIRCULAR GROOVE 123555 

SECTION A-A TWICE SIZE 

AFTER ADJUSTING © 
CHECK FOR NOT LESS THAN 
•003 CLUTCH CLEARANCE 
WITH LOWER WHEEL RAISED 
AND ADDING WHEEL DOWN 

CHECK FOR NOT MORE 
THAN 010 WITH LOWER 
WHEEL DOWN AND ADD
ING WHEEL UP 

ADJUST CLUTCH ENGAGING ARM 
STOP FOR .008-.009 OVERLAP 
OF CLUTCH AND CAM 

BEND CONTACT ARM TO 
OBTAIN .004-.0I0 TRAVEL 
PAST LATCH POINT. 
CHECK ON BOTH CAMS 

UNMARKED 
OR 

LONG STAMPED-L 123463 
MEDIUM STAMPED-M 129128 
SHORT STAMPED-S 129129 

ADJUST BRASS CONNECTORS 
FOR 7/64" AIR GAP 

SHIFT CONTACT TO LOCATE 
BRUSH CENTRALLY BETWEEN 
2 BRASS CONNECTORS WHEN 
CONTACT ARM IS RIDING ON 
THE LONG DWELL 

-*—.005 —) 
DIFFERENCE 
IN LENGTH 

ADJUST STUD FOR .010-
.012 CLEARANCE WHEN 
CLUTCH ENGAGING ARM 
IS AGAINST STOP. SEE 
ADD GEAR DETENT SEATS 
FREELY. DETENT FURNISHED 
IN THREE LENGTHS TO 
AID IN MAKING THIS 
ADJUSTMENT 

9 AND 10 CONTACT ARM LATCH 
TO HAVE AT LEAST 010 UN
LATCHING CLEARANCE WHEN 
ON HIGH POINT OF CAM. 

POSITION EMITTER FOR GOOD 
CONTACT ON NINE SEGMENT 
AND EVEN TENSION AT ALL 
POINTS 



THERE SHOULD BE APPROXIMATELY 
.005 CLEARANCE BETWEEN BRUSH 
HOLDER AND FIBER ROLLER WITH 
CONTACT ARM RESTING IN ONE OF 
THE LOW DWELLS 

TIME COUNTER TO COUNTER GAUGE. 
PLACE A 9 IN THE ADDING WHEEL 
ASSEMBLY. TRIP OFF ADD MAGNET 
ARMATURE AT 351® AND REVOLVE 
LOWER WHEEL ASSEMBLY. THE SfS' 
10'S BRUSH SHOULD TOUCH THE lO's 
SIDE NOT LATER THAN 8? 
ADJUST 9'S-IO'S CAM 

IF NO COUNTER GAUGE IS AVAILABLE,A CHECK 
MAY BE MADE BY PLACING A 9 IN THE 
COUNTER, ATTRACT THE ADD MAGNET 
AND TURN THE COUNTER WHEEL 
UNTIL THE 9'S-I0% BRUSH JUST SWINGS 
OVER AND TOUCHES THE lO^S SIDE. 
THE ADDING WHEEL DETENT SHOULD 
BE WITHIN 1/64" OF LINING UP WITH 
THE DETENT TOOTH. 

J 



TIMING OF COUNTER LOWER WHEEL ASSEMBLY 9 

CAM TYPE 

RELATION OF PARTS WHEN INSERTING 
COUNTER IN MACHINE AT 209° 

SET THE MACHINE AT 209.° PLACE A 9 IN THE COUNTER, 
AND THEN REVOLVE THE LOWER WHEEL ASSEMBLY UNTIL 
THE CLUTCH ENGAGING ARM DROPS OFF THE HIGH POINT 
OF THE FIRST CAM. TURN THE LOWER WHEEL ASSEMBLY 
BACKWARDS UNTIL THE CLUTCH ENGAGING ARM IS AGAINST 
THE FACE OF THE CAM AND THEN TRIP THE SUBTRACTION 
MAGNET. THIS WILL HOLD THE WHEEL ASSEMBLY IN THE 
PROPER POSITION FOR INSERTING THE COUNTER IN THE 
MACHINE AT 209.° COUNTER MAY BE INSTALLED AS 
EARLY AS 206® BUT NOT LATER THAN 209.° 

ROLLER TYPE 

RELATION OF PARTS WHEN INSERTING 
COUNTER IN MACHINE AT 177° 

SET MACHINE TO 177? PLACE A 9 IN THE COUNTER AND 
THEN REVOLVE THE LOWER WHEEL ASSEMBLY UNTIL 
THE FIRST ROLLER CARRY CAM IS JUST IN FRONT 
OF THE CLUTCH ENGAGING ARM. TRIP ADD MAGNET 
ARMATURE AND ALLOW LOWER WHEEL ASSEMBLY 
TO EASE BACK UNTIL IT STOPS. THIS WILL HOLD 
THE WHEEL ASSEMBLY IN THE PROPER POSITION FOR 
INSERTING THE COUNTER IN THE MACHINE AT 177.® 
COUNTER MAY BE INSTALLED AS EARLY AS 174° 
BUT NOT LATER THAN 177.° 





SHIMS 
113765 ,0i 
£5360 .01 

CHECK THAT SAFETY 
PAWL IS .007-020 LONGER 

,THAN CLUTCH DOG. 

ADJUST ARMATURE 8ACKST0P SCREW FOR 1/8" 
^ OVERLAP OF CLUTCH LEVER AND CLUTCH ARM 

WITH ARMATURE IN NORMAL POSITION. 

11 
CARD FEED CLUTCH UNIT 

THIS SPRING MUST BE STRONG ENOUGH 
TO MAINTAIN.030 CLEARANCE OF SPLIT 
ARMATURE WHEN DOG IS LATCHED. 

® ADD OR REMOVE SHIMS TO OBTAIN.010-
014 CLEARANCE 8ETWEEN ARMATURE 
AND CORES WITH ARMATURE ATTRACTED 

ADJUST THIS SCREW FOR.008-,010 
UNLATCHING CLEARANCE BETWEEN 
CLUTCH LEVER AND SAFETY PAWL. 
WHEN CLUTCH LEVER ARMATURE 
IS ATTRACTED 

p 3 C B SH ATT-BEHIND 
PLATE 2* 

ADJUST KEEPER ECCENTRIC PIVOT SCREW FOR 
.005 CLEARANCE BETWEEN KEEPER AND CLUTCH 
ARM . HIGH SIDE OF ECCENTRIC SHOULD BE UP. 

^ AT THE SAME TIME ADJUST KEEPER STOP PIN FOR 
3/32" OVERLAP OF KEEPER ON CLUTCH ARM 

(3) AT 330'THE LINE ON THE P-8.C.B <CAM SHAFT 
GEAR AND THE LINE ON THE RIGHT HAND 
BEARING SUPPORT BRACKET SHOULD LINE UP. 
INSTALL CLUTCH LATCHED UP AT THIS TIME 

SPLIT BLOCK ADJUSTMENT ON PBCB SHAFT 
TO OBTAIN TIMING OF THE SHAFT WITH IN 
ONE DEGREE 



CARD FEED UNIT 

d) INSTALL THREE BRUSHES (2) LOCATE BRUSH HOLDER SO THAT ONE 
AT EACH END OF BRUSH STRAND AT HEEL OF BRUSH LINES 

F0R 1/8 PR0JEC- UP WITH SCRIBED LINE AT EACH END OF 
TlON TO HEEL OF BRUSH BRUSH ASSEMBLY. 

\ ® INSTALL REMAINING BRUSHES WITH 
©-. MORE THAN 1/8" PROJECTION 

© CLAMP STRAIGHT EDGE IN 
PLACE EVEN WITH THE 
SCRIBED LINE. 

© POSITION THESE REMAIN
ING BRUSHES SO THAT 
ONE STRAND AT HEEL 

\ DROPS OFF STRAIGHT 
\\EDGE 

\(g) POSITION BRUSHES LATERALLY BY 
\ MOVING .001 SHIM FROM ONE SIDE TO 

r' \ THE OTHER. OBJECT TO CAUSE UPPER 
\BRUSHES TO TRACK IN SAME POSITION 

ON CARD AS LOWER BRUSHES. SEE 
THAT BRUSHES ARE CENTRALLY 
LOCATED BETWEEN SEPERATORS. 

y \ ©CHECK FOR CROSSED BRUSH 
\ BACK OF SEPERATORS. 

CARD RETAINER SPRINGS SHOULD HAVE GOOD 
ADJUST BY BENDING UNTIL TIP OF SPRING IS I/' 
HOFPER BED 

TENSION. 
A'FROM 

STRANDS 

TIME STACKER DRUM TO GRIP CARDS APPROX 
OR AT CENTER OF NINES 

'/A FROM THE BOTTOM EDGE 

CHECK FEED ROLLS 
FOR EVEN TENSION AND'• 
GEARS FOR PROPER MESH. 
POSITION DRIVE GEARS FOR 
.002 END SHAKE OF FEED 
ROLLS 

!to» RESTORING STACKER 
STOP SWITCH 

CAM R°ELER BRACKET SO STACKER 
FINGERS OPEN AS THE CARDS STRIKE THE 
STACKER PLATE 

ADJUST ROLLER BRACKET TO OPEN GRIPP£R 

FINGERS 3/32" 



USE THE SAME 

ADJUSTMENT PROCEDURE 

ON THE C.B. UNIT 

1. CLEAN POINTS 
2. ALIGN POINTS FOR FULL CONTACT 
3. SET POINTS FOR CORRECT AIR. 6AP 
4. SET CAM FOR CORRECT TIMING. REFER 

TO CORRECT TIMING CHART FOR THE 
MACHINE. 

ELECTRICAL TIMING PRINT I2845I-J 
C.F.C.B.-3-4-IO-II-15-16-36 SET FOR 027-033 AIR GAP 
ALL OTHER C.F.C.B.SET FOR .012-.018 AIR GAP 

CJLC.Bl-3-4-13-14-15-16-20-21-22-23-28-29-30 SET 
FOR .027-033 AIR GAP. 
ALL OTHER C.R.C.B. SET FOR .0I2-.0I8 AIR GAR 

LOOSEN SET SCREWS AND TURN CAM TO 
OBTAIN PROPER TIMING AS GIVEN ON 
ELECTRICAL TIMING CHART SUPPLIED WITH 
EACH MACHINE. 

ADJUST CONTACT AIR GAP ACCORDING TO 
FIGURES GIVEN ON ELECTRICAL TIMING 
CHART. THERE ARE 40 THREADS PER 
INCH ON CONTACT SCREW GIVING 025 
TRAVEL FOR EACH TURN 

CARRIAGE 
BINDER POSTS 

CAMS I TO 18 
ON THIS SHAFT 

SPLIT BLOCK ADJUSTMENT 
TO OBTAIN TIMING OF 
ENTIRE UNIT WITHIN A DEGREE 

SAME ON G.R.C.B. ASSEM 

LINE UP CONTACT 
POINTS SO THAT FULL 
CONTACT AREA IS 
USED 

DIGIT SELECTOR 
COMMUTATOR I AND 2 
LOCATED AT LEFT 
END OF THIS SHAFT 

CARD FEED CIRCUIT BREAKER ASSEMBLY 



14 ZONE UNIT ADJUSTMENTS 

®THE FOLLOWING ADJUSTMENTS SHOULD BE MADE 
WHEN REPLACING A PART ON THE ZONE SET UP 
MAGNET UNIT 

BEND ARMATURE TO OBTAIN .00I - .002 CLEARANCE 
AT CORE NEAREST PIVOT POINT,  WITH ARMATURE 
TOUCHING CORE. FARTHEST FROM PIVOT POINT.  

(g)  BEND ARMATURE TAB TO OBTAIN .027- .0SI  CLEAR
ANCE BETWEEN ARMATURE AND CORE FARTHEST 
FROM THE PIVOT POINT WHEN MAGNET IS 
DE-ENERGIZED. 

.020 -023 OVERLAP OF THE STOP PAWL ON THE LATCH. 

AT THE FACTORY THE ZONE SET-UP MAGNET UNIT 
[S PINNED TO THE ZONE SET-UP UNIT AND LOCATED 
FOR A-016 CLEARANCE BETWEEN STOP PAWLS AND 
ZONE BARS WHEN PAWLS ARE LATCHED. 

IF ADJUSTMENTS I  AND 2  HAVE BEEN PROPERLY 
MADE, THE FOLLOWING CLEARANCES SHOULD 
RESULT .005- .008 UNLATCHED CLEARANCE WHEN 
iD t l iT I IDr  IC ATTDAPTtn 
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©CHECK TO SEE THAT BOTH TOGGLE LATCH SHAFT 
ECCENTRIC BUSHINGS ARE SET WITH V MARKS UP 
IN A VERTICAL PLANE. TOTAL AMOUNT OF 
ECCENTRICITY OF BUSHING IS 031. 

©REMOVE TOGGLE LATCH OPERATING LINK TO 
PREVENT BREAKING UNTIL READY TO MAKE 
ADJUSTMENT 14. 

ZONE CONTROL DRIVE UNIT WITH THE ADJUSTING BLOCK 
ENGAGE CARD FEED CLUTCH AND TURN INDEX TO 209° 
THE PILOT HOLE IN NUMBER I. CAM SHOULD BE IN LINE 
WITH THE PILOT HOLE IN THE SUPPORT CASTING. 

EARLIER ZONE CONTROL DRIVE UNITS INSTALLED WITH 
THE SPOT MARK ON CAM SHAFT GEAR IN LINE WITH THE 
MARK ON THE SUPPORT CASTING AT 330'WITH THE 
CARD FEED CLUTCH LATCHED UP LOCATING ZONE UNITS NOT DOWELLEP TO BASE 

1. CLEAN BASE SURFACES. 
2. SUPPORT ZONE UNIT WITH FOUR SCREWS. 
3.HOLD ZONE UNIT DOWN AGAINST BASE AND TO THE 

RIGHT SO THAT A.003 GAUGE WILL NOT ENTER 
BETWEEN THE ZONE UNIT AND THE TYPE BAR 
INTERMEDIATE FRAME. 

4. TIGHTEN SUPPORT SCREWS. 
©ADJUST ECCENTRIC PIVOTS BETWEEN TOGGLES 

AND SET UP BAIL SO; THAT HIGH SIDES ARE UP. 
ONE ON EACH END OF TOGGLE SET UP BAIL. 
THIS WILL PLACE THE SET UP BAIL IN THE 
LOWEST NORMAL POSITION. 

ZONE CONTROL 
SIDE FRAME. RIGHT 

TYPE BAR 
-INTERMEDIATE 
FRAME 

MAGNET SIDE 
FRAME. RIGHT 

SPOT 
MARK 

ECCENTRICITY .015 

PILOT HOLE 

CHECK TIMING OF THE ZONE DRIVE UNIT 



©TURN ZONE DRIVE UNIT TO 22* WHERE NO.2 GAM 
IS ON ITS HIGH POINT.  ADJUST NO. 2  CAN FOLLOWED 
TO BRING THE TOGGLE WITHIN .040- .060 OF THE 
BASE WHEN SUPPORTED BY TOGGLE LATCHES.  

©ADJUST ZONE BAR RESTORING BAIL CAM FOL
LOWER, NO.I  CAM, SO THAT THE ZONE BAR COMES 
TO REST AT 186* WHEN STOPPED BY THE STOP 
PAWL ON THE"0"Z0NE TOOTH. 

TURN ZONE DRIVE UNIT TO 126* WHERE NO.  I  CAM 
IS ON ITS HIGHEST POINT.  ADJUST THE LATCH 
RESTORING BAIL ECCENTRIC SCREW ON RIGHT 
END OF BAIL FOR .005 CLEARANCE BETWEEN 
KNOCKOFF END OF PULL ROD WHERE FASTENED 
TO ARMATURE AND LIP OF RESTORING BAIL.  

©THE HIGH TOOTH ON THE ZONE BARS SHOULD 
RAISE THE STOP PAWLS APPROXIMATELY ,050 
ABOVE THE LATCH 

J 



Q) LIST LAP MUST BE CORRECTLY SET BEFORE PROCEEDING (TT) ADJUST NUMBER *4 CAM FOLLOWER SO THAT SET 
MIITLJ TSJIT CM I ANJIMTFEIENJT AD ANY FIHAWFIF IN UP PAWL IS RESTORED .020 BEYOND THE ZONE WITH THE FOLLOWING ADJUSTMENT AS ANY CHANGE IN 
LIST LAP WILL ALTER THIS CLEARANCE. 

BLOCK BOTH MACHINE AND CARD FEED CLUTCHES. 
TURN MACHINE BY HAND, AND AT 207° TRIP THE ZONE 
MAGNET ARMATURE IN POSITION I. AT APPROXIMATELY 
280? TRIP THE ZONE BAIL CONTROL MAGNET ARMATURE, 
CONTINUE CRANKING UNTIL I3°AT THIS POINT THE ZONE 
SECTION OF THE TYPE BAR SHOULD BE HELD .Q30-.040 
ABOVE THE SETUP PAWL. CHECK FOR AT LEAST.020 
CLEARANCE UNDER FULL LOAD. 

OBTAIN THIS CLEARANCE BY TURNING THE ECCENTRIC 
SCREWS AT TOP OF THE TOGGLE LINK AS SHOWN IN 
ADJUSTMENT 5. SPOT MARK HIGH SIDE OF SCREW HEADS 
SO THAT SCREW AT EACH END OF SETUP BAIL IS IN 
SAME RELATIVE POSITION AND BAIL IS KEPT LEVEL. 

IF MORE RISE IS NEEDED, TURN THE ECCENTRIC 
BUSHINGS, AS SHOWN IN AD JUSTMENT 4, FORWARD 
ONE POSITION. THEN RE-ADJUST ECCENTRIC 
SCREWS IN TOGGLE LINK. ANY CHANGING OF THE 
ECCENTRIC BUSHINGS WILL REQUIRE THAT THE 
ZONE BAIL MAGNETS BE RE-ADJUSTED. 

CHECK TYPE BARS 40-43 BY MARKING SIDE OF BAR 
AT I3T CONTINUE TO TURN CRANK AND SEE WHAT 
CHANGE TAKES PLACE IN THE MARK ON THE TYPE 
BAR AND ZONE SECTION WHEN ZONE SECTION 
COMES TO REST ON SETUP PAWL. 

UP PAWL IS RESTORED .020 BEYOND THE ZONE 
SECTION OF TYPE BAR. THE CAM IS ON THE HIGH 
POINT FROM 330®T0 340* 

17 

(JP) ADJUST THE ZONE BAIL CONTROL MAGNET CORE 
BRACKET FOR .003 CLEARANCE BETWEEN ARMATURE 
AND CORE NEAREST PIVOT WHEN THE ARMATURE 
IS ATTRACTED AND -018-.021 CLEARANCE BETWEEN 
ARMATURE AND CORE FARTHEST FROM PIVOT 
POINT WHEN ARMATURE IS DE-ENERGIZED. 



@ ADJUST THE ENTIRE ZONE BAIL MAGNET ASSEM
BLY FOR APPROXIMATELY .010 UNLATCHING CLEAR
ANCE WHEN THE ARMATURE IS ATTRACTED. 
CHECK FOR OVERLAP OF .020 OF CONTROL MAGNET 
ARMATURE ON LATCH WHEN DE-ENERGIZED. 

(J4) RE-INSTALL TOGGLE LATCH OPERATING LINK 
ADJUST BAIL ARMATURE LATCH ECCENTRIC 
ADJUSTING SCREWS FOR AT LEAST .010 
CLEARANCE BETWEEN TIP OF ZONE BAIL 
ARMATURE AND LATCH AT 240° 

( |5) ADJUST FOR .030 CLEARANCE BETWEEN LOWER 
ECCENTRIC AND SLOTTED HOLE IN LINK, WHEN 
TOGGLE LATCH IS LATCHED UNDER TOGGLES. 
OBJECT TO PREVENT THE LINK FROM HOLDING 
TOGGLE LATCHES OUT OF POSITION RECHECK 
ADJUSTMENT 14. 

®WITH TOGGLES IN NORMAL POSITION THERE 
SHOULD BE .070 CLEARANCE BETWEEN TOGGLE 
LATCH ARM AND LATCH. CHECK TO SEE TOGGLE 

.012-.020 CLEARANCE BETWEEN 

ZONE SECTION OF TYPE BAR IN 
ZONED POSITION 

ALPHABETICAL TYPE BAR WITH LOCK 

CHECK FOR .030 CLEARANCE 
BETWEEN TOGGLE AND TOGGLE 
LATCH WHEN THE ARMATURE 
IS DE-ENERGIZED AND LATCHED 

.030 



PRINT MECHANISM CLUTCH UNIT 
19 

CHECK THAT SAFETY (5j ADJUST SCREW F0R.008-.0IQ 
PAWL IS .007-.020 LONGERT UNLATCHING CLEARANCE BETWEEN 
THAN CLUTCH DOG A CLUTCH LEVER AND SAFETY PAWL 

WHEN CLUTCH LEVER ARMATURE 
IS ATTRACTED 

16JADD OR REMOVE SHIMS TO 
H OBTAIN .010-.014 CLEARANCE 

BETWEEN ARMATURE AND 
CORES WITH ARMATURE 
ATTRACTED 

ADJUST ARMATURE 
BACKSTOP SCREW i 
FOR 1/8"OVERLAP OF 
CLUTCH LEVER AND 
CLUTCH ARM WITH 
ARMATURE IN 
NORMAL POSITION 

ON MACHINES WITH INDEX ON 
MAIN CAM SHAFT, SET INDEX 
AT 330° AND INSTALL CLUTCH 
FULLY LATCHED. 

ON MACHINES WITH INDEX AT 
TOP OF COUNTER VERTICAL 
DRIVE SHAFT, PROVIDE YOUR 
OWN SPOT MARKS BETWEEN 
MAIN CAMSHAFT GEAR AND 
IDLE GEAR BEFORE REMOVING 
CLUTCH, 

MAIN CAM 
SHAFT GEAR 

SPOT 
MARKS 

3 /  A D J U S T  K E E P E R  S T O P  P I N  F O R  3 / 3 2 "  
O V E R L A P  O F  K E E P E R  O N  C L U T r . H  A R M  

\\ MACHINE 
\\ CLUTCH 
\\ GEAR 



PRINT MECHANISM CAMS 

WHEN OPERATING STRAP DROPS 
OFF HIGH POINT OF CAM ADJUST 
CONTACT SUPPORT FOR I / IS^AIR 
GAP OF CONTACT POINTS. DO NOT 
ALLOW OPERATING STRAP TO 
STRIKE LOW PORTION OF CAM 

WITH UPPER STRAP ON HIGH POINT 
OF CAM,BEND LOWER STRAP FOR 
l /32nAIR GAP OF CONTACT POINTS 

CAMS 10-18 ON LOWER SHAFT 

CAMS 1-9 ON UPPER 
SHAFT COUNTING LEFT 
TO RIGHT 

WITH LOWER STRAP ON HIGH POINT 
OF CAM,BEND SUPPORT STRAP FOB 
1/32" CLEARANCE TO UPPER STRAP 

w 
BREAK 
CONTACT 

MAKE 
CONTACT 



ALPHABETICAL TYPE BAR OPERATING MECHANISM 21 

COCK MECHANISM FOR ALPHABETICAL 
TYPE BAR. 

ECCENTRIC SCREWS ADJUSTEO TO EQUALIZE 
THE RISE ACROSS THE ENTIRE BAIL. 
SEE THAT TYPE BARS I TO 45 ARE STOPPED 
BY THE TOOTH AT THE SAME TIME. 

REAR LOWER NUMERIC TYPE SAR COMB 

CHECK FOR SUFFICIENT TENSION 
OF TYPE BAR OPERATING ARM CLIP 
TO RETAIN TYPE BAR 

ADJUST FORKED ARM SO THAT ALPHABETIC 
TYPE 8AR IS STOPPED AT ONE TOOTH BY A STOP 
PAWL AT 168.* 
CHECK LIST LAP AT 

8 - 42-
5 - 98* 
I - 188* 

SORTER CHUTE 
BLADE GAUGE 11234 

ALPHABETIC TYPE BAR 
LIFT CAM FOLLOWER 

WHEN ANY CHANGE IS MADE IN LIST LAP, RECHECK ZONE 
ADJUSTMENT NUMBER TEN. CHANGING LIST LAP WILL 
AFFECT THE 4530 -040 CLEARANCE BETWEEN THE ZONE 
OF TYPE BAR AND SETUP PAWL. ALSO RECHECK ZONE 
ADJUSTMENT NUMBER ELEVEN. 

TO CHECK TIMING OF MAIN CAM SHAFT 

A QUICK CHECK-TYPE BAR PAWL RESTORING CAM ARM WHEN 
CORRECTLY SET WILL DROP OFF CAM AT 351. 

B I. CHECK SORTER CHUTE BLADE GAUGE FOR 1.500 
' 2. HOLD GAUGE ON TOP OF ALPHABETIC TYPE: BARI LIFT CA 

3 ENGAGE MACHINE CLUTCH AND TURN CRANK 
' REST AGAINST REAR NUMERIC TYPE COMB. 

4. INDEX SHOULD READ 46" i I* , 
5.ONLY AFTER A CAREFUL CHECK SHOULDTHERELAT.ONBETWEEN MA* 

CAM SHAFT AND DRIVE GEAR BE ,L0OSEN RVLOCATED 
MAIN CAM SHAFT GEAR RELEASE SERRATIONS. WHEN RELOCATED, 

RELOCK NUT AND CHECK WITH CAUGE 

THIS"METHOD NOT TO BE USED TO CORRECTTIMm<: 

BETWEEN P.M CLUTCH GEAR ANO MAIN CAM SHAF Gc 



NUMERICAL TYPE BAR OPERATING MECHANISM 

ARMATURE LATCH MAGNET 
UNIT SCREWS FORjOOS CLEARANCE 
TOP OF STOP PAWL BRACKET •• 

ECCENTRIC SCREWS AOJUSTED TO 
EOUALIZE THE RISE ACROSS THE 
ENTIRE BAIL. SEE THAT TYPE 
BANS I ANO 45 ARE STOPPED BY 
THE SAME TOOTH AT THE SAME TIME 

ECCENTRIC SCREW AT 
PER ENO OF LINK SO THAT A 
MERICAL TYPE BAR IS 
OPPEO AT THE ONE TOOTH 

CHECK LIST LAP AT 
• 
5- »«• 
I-IG8' 

ADJUST NUMERICAL TYPE bAR 
STOP FOR EVEN OBO • ALIGNMENT 

PLATED SPRING 
TERMINAL 

PLATED SPRING 
TERMINAL 



© BEND ARMATURE TO OBTAIN .001 TO .004 CLEARANCE 
BETWEEN CORE NEAREST PIVOT AND ARMATURE, 
WITH ARMATURE ATTRACTED." 

©ENGAGE MACHINE CLUTCH AND TURN MACHINE 
Y TO 338° ADJUST LATCH BLOCKS SO THAT 

KNOCKOFF BAIL LATCHES FALL.BEHIND BLOCK 
SIMULTANEOUSLY AND HAVE .005 ADDITIONAL 

MOVEMENT. 

/*HH-007 -.010 "A 
li  

BEND ARMATURE AT THIS POINT TO OBTAIN .007 TO.OIO 
UNLATCHING CLEARANCE. CHECK BY OBSERVING MOVEMENT 
OF LATCH WITH UNIT OUT OF MACHINE. 

O)  WITH THE STOP PAWL LATCHED, BEND ARMATURE TAB TO 
"!  OBTAIN AN OVERLAP OF .020 TO 023 OF STOP PAWL ON THE 

I LATCH. CHECK BY OBSERVING MOVEMENT OF LATCH WITH 
UNIT OUT OF MACHINE. <*,  

.020 ECCENTRICITY 

©MAGNET UNIT PINNEO IN POSITION AT ASSEM8LY 
FOR 020 CLEARANCE OF STOP PAWLS TO TYPE 
BAR TEETH. 

© ADJUST THE STOP PAWL RELATCH ROLL ARM. 

SO THAT CAM FOLLOWER IS ON HIGHEST POINT 

OF ROLLER AT 338* 
THE CAM FOLLOWER DROPPING OFF THE ROLL 
AT 3t i l*  IS A QUICK CHECK THAT MAIN CAM 
SHAFT IS IN TIME 

.(§)  ADJUST THIS SCREW TO GIVE.03I  UNLATCHING 
CLEARANCE OF PAWLS TO LATCH BLOCKS. 
RECHECK ADJUSTMENT 7  IF BLOCK IS MOVED. 

23 

MAGNET UNIT-PULL ROD TYPE® 
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NOTE; 
MAGNET UNIT-ARMATURE "LATCH TYPE 

"EUM«N^SUU,TST BE °HECK AT B0TH ENDS °F 

ON CLEAN SURFSCES0E SURE UNIT IS INSTALLED 

I 
^ Hr*~-020 TO .025 

®P ÛESCT|T0HNEBTE:O0NSRTM„AETUFFLRE 01™15 ™ °2° 
FRAME, POSITION P I V O T  Q A  T  ED6E OF THE MAGNET 
BETWEEN UPPER AND LOWER1^ARMATUR°E.INTE,'FERENOE 

^OR JBACK TO°OBTA*N OOTTO^P" ASSEMBLY FORWARD 
CLEARANCE BETSIZL .US UNLATCHING 
PAWL. THIS ADJUSTMENT IS SE^ANSRN4TURE AN° 
THE PACTORV AND SHOUL ŜOS\\NVDERBEELCLLDNACED. 
\  II _  II  

ADJUSTING 
SCREW 

LOCKING 
SCREW 

UMAGNET UNIT IS ADJUSTED UP OR DOWN A T  E  
TO OBTAIN 9/32-FROM LOWER POINT NC ot FACT0RY 
TO CENTER OF STOP PAWL SHAFT nw PAWL 

WITH STOP PAWLS LATCHED DO L? B°™ EN0S 

EXCEPT WHEN ABSOLUTELY NF?^lET^ iA^E SCREW' 

(?) ADJUST 6 ADJUSTING SCREWS ON 
SUPPORT BAR REAR UPPER FOR .003 
CLEARANCE BETWEEN SCREW AND 
MAGNET UNIT. THIS WILL OVERCOME 
TENDENCY OF UNIT TO BOW UNDER 
FULL LOAD, THROWING LIST LAP OFF 
IN CENTER OF UNIT. 

ADJUST STOP PAWL RELATCH BAIL STOP SCREW FROM 
FRONT OF THE MACHINE. ONE ON EACH END OF UNIT 
FOR 1/32"CLEARANCE BETWEEN BAIL AND STOP PAWLS 
WHEN PAWLS ARE UNLATCHED AND RESTING AGAINST 
THEIR STOP BAR. THIS IS SET AT THE FACTORY AND 
SHOULD NOT HAVE TO BE CHANGED. BEST MEANS OF 
CHECKING IS TO REMOVE MAGNET AND ARMATURE 
ASSEMBLY. 

(?) WITH THE UNIT ON THE MACHINE ADJUST THE TWO ECCENTRIC 
SLEEVES AGAINST THE UPPER REAR TYPF BAR GUIDE TO HOLD 
STOP PAWLS .020 TO .025 FROM TYPE BAR 



@ WITH PRINT CLUTCH EN6A6E0 AND MACHINE SET 
AT 338*ADJUST ECCENTRIC SCREW "A" FOR .002 TO.004 
CLEARANCE BETWEEN ARMATURE KNOCKOFF BAIL 
AND REAR SURFACE OF ARMATURE. THIS MAY BE 
CHECKED FROM THE TOP ON EACH END AND A FEW 
ARMATURES SHOULD BE REMOVED SO THAT IT MAY 
BE CHECKED IN THE MIDDLE OF THE UNIT. 
AT THIS SETTING THE STOP PAWLS SHOULD BE AT 
LEAST 1/32" PAST THEIR LATCHING POINT. 
THIS CONDITION CAN NOT BE SEEN EXCEPT BY 
REMOVING THE ASSEMBLY FROM THE MACHINE. 
AT 338* OBSERVE THE.050-J055 CLEARANCE BETWEEN 
THE STOP PAWL AND THE TYPE BAR. CONTINUE TO 
CRANK THE MACHINE AND NOTICE THE PAWL COMING 
TO REST WITHIN .020 TO .025 OF THE TYPE BAR. 
THIS WILL SATISFY THE ABOVE CONDITION. 

® WITH THE CLUTCH ENGAGED AND MACHINE SET 
AT 334* ADJUST THE ARMATURE KNOCKOFF 
BAIL LATCH PIVOT ECCENTRIC SCREWS VSO 
THAT LATCHES JUST DROP BEHIND THE BAIL. 
CHECK TO SEE THEY DROP AT SAME TIME ON 
ON EACH END. WHEN THE MACHINE IS TURNED 
TO 338* THE LATCHES WILL HAVE .002 TO O04 
CLEARANCE BEHIND THE ARMATURE BAIL. 

25 

® ENGAGE CLUTCH AND TURN MACHINE TO 34«!» 
ADJUST SCREW V ON EACH END AT TOP OF 
THE KNOCKOFF BAIL LATCH, SO THAT LATCH 
RELEASES AND KNOCKOFF BAIL MAY RETURN TO 
NORMAL POSITION. THIS WILL PLACE THE PAWL 
RESET BAIL .020 BELOW THE STOP PAWLS THAT 
ARE LATCHED AT THE TIME THE KNOOKOFF BAIL 
RETURNS TO NORMAL.CHECK TO SEE LATCHES 
TRIP SIMULTANEOUSLY ± |* 
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HAMMER UNIT 

AFTER AO JUSTING HAMMER CAM FOLLOWER SPLIT ARM CHECK 
FOR .040 CLEARANCE BETWEEN HAMMERS AND RESTORING BAIL 
WHEN THE HAMMER IS HOLDING THE TYPE TO THE PLATEN, ALSO 
CHECK FOR .020 BETWEEN HAMMERS AND HAMMER SPRING 
BAIL SHAFT 

THREE TYPES OF SPRING TENSION DEVICES 

®N0 ADJUSTMENT 

TENSION 
'SPACER 

THE PLATEN ROLL MUST BE l/8"FR0M THE FACE OF TYPE 
AND THE CENTER OF PLATEN ROLL MUST BE IN LINE WlTh 
THE CENTER OF THE TYPE 

AFTER SETTING HAMMER RESTORING ADJUSTMENT, ADJUST 
ECCENTRIC SCREWS SO HAMMERS TRIP AT 196* EVENLY 
ACROSS THE ENTIRE UNIT. AT THE LIMIT OF TRAVEL OF 
THE HAMMER LATCH TRIP BAR CHECK FOR .082 CLEARANCE 
8ETWEEN HAMMER LATCH AND HAMMER 

TEEJUZEn^DT" 

(3) OPERATOR INCREASE SPRING TENSION BY TURNING KNOB 
ABOVE HAMMER LOCK ASSEMBLY TO GIVE DESIRED IMPRESSION 

ADJUSTING SCREWS,ONE 
AT EACH END OF UNIT,TO 
ALIGN HAMMERS WITH TYPE 

HAMMERS AND TYPE BARS IN NORMAL POSITION AT 330* AS A RESULT 
OF ADJUSTMENT 3, THE HAMMER RESTORING BAIL SHOULD HOLD THE^ 
HAMMERS 028-034 PAST THE LATCHING POINT. CHECK IN MIDDLE Or 
HAMMER ASSEMBLY, AS WELL AS END HAMMERS. IF IT IS NECESSARY 
TO CHANGE ADJUSTMENT 3 IN ORDER TO IMPROVE THE LATCHING 
CONDITION, RECHECK ADJUSTMENT 4 FOR HAMMER TRIPPING TIM^ 
FOR 196* TO CORRECT FAINT PRINTING, CHECK TO SEE THAT THE 
HAMMER RESTORING BAIL STARTS TO THE REAR AS CLOSE TO 171* 
AS POSSIBLE, ALL OTHER CONDITIONS BEING SATISFIED 

ADJUST HAMMER CAM FOLLOWER SPLIT ARM 
SO THAT HAMMERS ARE RESTORED !/l6"FR0M 
THE TYPE TAILS WHEN THE TYPE BARS 
START DOWN 

WHERE SPRING TENSION DEVICE IS USED IT IS 
A0VISA8LE TO SET HAMMER TRIPPING TIME AT 198! 



RIBBON FEED 
27 

IOCATE RIBBON GUIDES FOR 3/32" 
CLEARANCE TO PLATEN 

CHECK FOR NO BIND AT THIS POINT TO 
PREVENT RIBBON BREAKAGE. SPOOLS 

^SHOULD BE HELD l/32"ABOVE THE 
RIBBON SUPPORT FRAME 

PIN TO CARRY THE REVERSING 
FORK.016 PAST THE LATCH POINT 

LOCKING PAWL TO HAVE 005-015 
CLEARANCE TO COLLAR 

MOVE COLLAR TO CHANGE RIBBON 
TENSION. WITH NEW PARTS FACTOR/ 
SETTING IS 7/8"FROM BOTTOM OF 

/COLLAR TO TOP OF RIBBON SUPPORT 

POSITION ARM FOR L/32"C-LEARANCE 
TO RIBBON ROLLER WITH REVERSING 
FORK UNLATCHED BY ADJUSTING THE 
SET SCREW AT THE TOP OF THE LATCH 
SHAFT. 
LOCATE RIBBON SPOOL SO THAT FLANGES 
ARE 1/8"FROM PLATEN. HOLE IN RIBBON 
SUPPORT FRAME IS SLOTTED^ 

FOROIN E/?,9STTTRIC STUD Vr ViiL" 0'5 CLEARANCE 
TO"ATC°HFETETA,N,N6 PAWL 

\THE RIBBON FEED PAWL SHOULD 
TRAVEL I \ TEETH ON THE 
RATCHET 

.LOCKING PAWL TO HAVE 010-015 
CLEARANCE TO COLLAR -AT LIMIT 
OF TRAVEL 



.ADJUST STOP SCREW ON HAMMER LOCK 
ASSEMBLY SO THAT WITH THE SHORT 
LEVERS RAISED AND THE HAMMER LOCK 
CONTROL MAGNET ENERGIZED THE STEEL 
SPRINGS JUST BOTTOM IN THE CUT IN 
THE HAMMERS.\ 

-POSITION 0PE8ATIN6 ARM ON 
SO THAT ARMATURE ARM IS i 

ABOVE TIP OF ARMATURE AT 

HAMMER LOCK 

HAMMER LOCK PLATE SHOULD HAVE .020 

OVERLAP OF ARMATURE AND ARMATURE 
ARM 

JOB TO 010 UNLATCH CLEARANCE 
WITH MACHINE AT 45* ADJUST THE 
ECCENTRIC SCREW FOR .020 TRAVEL 
OF ARMATURE ARM ABOVE TIP OF 

/ARMATURE. 
AT THIS TIME ARMATURE KNOCKOFF 
SHOULD CARRY ARMATURE WITHIN .005 
OF STOP PIN. 

THESE SET SCREWS HOLD OPERATING ARM 
IN POSITION ON TYPE BAR SPRING BAIL SHAFT 

VIEW OF TYPE BAR SPRING BAI 

WJVE mjfcfT YOKE FOR 003 • 
c^AfUhct BETWEEN ARMATURE 
**0 CO*t NEAREST PIVOT WITH 
ARMATUt* TOUCHING OTHER 
CORE 

.INOCKOFF SHOULO CARRY 
ARMATURE WITHIN .005 

OF STOP PIN AT 352* 

RIGHT AND LEFT BAIL ARM SET SCREWS — 

MUST BE TIGHT AND SQUARE ON SPRlNc Bin 
SHAFT BEFORE MAKING ANY HAMMER-LOCK 
ADJUSTMENTS. UOCK 

SEE THAT THE END PIVOT SUPPORTS 
ARE SO LOCATED THAT AT 330*THERE 
IS .025 -.031 CLEARANCE BETWEEN 
END OF HAMMER LOCK ANO MAMMiR 

MAGNET PLATE LOCATED ANO 
PINNED AT ASSEMBLY FOR .008 010 
UNLATCHING CLEARANCE AND 
FOR .025-.031 CLEARANCE BETWEEN 
HAMMER AND HAMMER LOCK. \ 
DEPRESSED BY LONG LEVER RAlStoN 
THIS GIVES APPROX 020 OVERLAP 
OF ARMATURE AND ARMATURE ARM 



PLATEN FEED 

KEEP ALL CARRIAGE ROLLS 
SNUG TO REDUCE PLATEN 
MOVEMENT DURING PRINTING 

©ADJUST STOP SCREWS TO 
T POSITION PLATEN l/B"FROM 

THE FACE OF THE TYPE 

KEEP ALL CARRIAGE 
ROLLS SNUG. 

.ADJUST ECCENTRIC SCREW TO 
OBTAIN .020 TRAVEL OF PLATEN 
FEEO LINK ABOVE TIP OF 
ARMATURE AT THIS POINT THE 
KNOCKOFF SHOULD CLEAR 
ARMATURE BY .010 

ADJUST ECCENTRIC SCREWS TO 
OBTAIN PROPER ALIGNMENT OF 
CENTER OF PLATEN IN RELATION 
TO TYPE 

(SlMOVE MAGNET YOKE FOR .025 CLEARANCE 
Y BETWEEN ARMATURE AND CORE FARTHEST j 
/ FROM PIVOT WITH ARMATURE AGAINST 
' BACK STOP. POSITION MAGNET YOKE F0RO03 

CLEARANCE BETWEEN ARMATURE AND CORE 
NEAREST PIVOT WITH ARMATURE TOUCHING 
OTHER CORE. 

ff) POSITION MAGNET PLATE TO OBTAIN .010 
1 UNLATCHING CLEARANCE. THIS SHOULD 

\ GIVE .035 OVERLAP. 

(7) MOVE CARRIAGE TO THE RIGHT 
TRIP PLATEN FEEO MAGNET 
ADJUST ECCENTRIC SCREW SO 
THAT WHEN MACHINE IS CRANKED 
TO 160? PLATEN AOVANCES ONE 
SPACE AND PLATEN DETENT 
FULLY SEATS IN RATCHET TEETH 

©"ADJUST ECCENTRIC SCREW FOR 
001 CLEARANCE OF STUD TO END 
OF SLOT WITH CAM ROLLER ON 
LOW DWELL 

PLATEN FEED CAM 



30 PRINCIPLE OF ZONING 

ARMATURE 

OPERATEO 
NO. I CAM -

OPERATED BY 
NO. 2. a 3. 

ZONE BAR RESTORING 
BAIL 

SETUP PAWL 
RESTORING BAIL 

SETUP 

OPERATED BY 
NO. 4. CAM 

TOGGLE 
LATCH 

OPERATEO tV 
NO. I. CAM 





p uy 

345*. 

DWELL 
3 30* 

245* 

I5*fc=; 
09*2T DWELL 

204* 
105 LISTh 
80 LIST 

196* 

IOOJI* 

iftul2> 

^u-O* 

CAW MAY VARY *Zm AT ANY POtMTONASSEMBLY 



'CAM NAME 

CTRL- CHANGE INTERLOCK A PRE-IND. CTRL 
CTRL. CHANGE INTERLOCK HOI n 
CARD COUNT 
ISJ CARD CONTROL ~ 

116106 |DI 2 TO .018 
24 944 1.012 -.018 
1205811027-.Q33 
120381 1027-033 

X-R MCR CONTROL 
LOWER CARD LEVER RELAY PICKUP CTRL 
LOWER CARD LEVER HOLD 
UPPER CARD CONTROL Hfll n 
UPPER CARD CONT. a PRE-IND. CTRL. 
PLUG TO "Q- CONTROL 

1820361.0I2-.0I8 
120763 .OI2-.OI8 
T0I6 861,012 -.018 
120382 .012-018 
124735 '.012 -.018 
1207631027-033 

C" CONTROL 
CARD FEED CLUTCH CONTROL 
PLATEN FEED EXTRA SPACE CT 
HAMMER LOCK CONTROL 
DIGIT SELECTION 
DIGIT SELECTION 
CARD_FEEO IMPULSE PISTRIRllTnp 
CARD PEED IMPULSE DISTRIBUTOR 
ZERO CONTROL 
GROUP CONTROL HOTN 
GROUP| CONTROL HnTn 
TEN CONTROL ~ 

121258 012-018 
121258 OI2-OI8 
I24 002;.0i2-0l8 
24944 .012-018 
1161 0 6 .012- 018 
120381 j.OI2 -018 
120381 '.012 -.018 

127688 

120381 .012-018 
116107 .012-018 
11610 7 .012- 018 

25 ZONE MAGNETS CONTROL 
_26 BALANCE SSL- PUNCH CONTROL 
27 MAJQRI EXTRA SPACE HOLD 
28 HEAD CONTROL EXIT X~ ~ 

HEAP boNTRQL TRANSFER 
J30_ EJECT| LINE SPACE INTERLOCK CTRI 

11610 7 300 120382 
120381 .012-018 
116109 1.012 -.018 

120381 

120381 

SHEET^OVLrFLOW HOLDING CIRCUIT CTRl" 

4j_l&I CARQ JN CARRIAGE CONTROL 
120381 .012 -.018 

NINE CONTROL 
NINE CONTROL 

1269931027-033 

12076 3 1.027-033 

11610 7 i.012 -.018 
116107 012-018 

CORRECTION ADD I a BALANCE TEST 124976 .012-.018 

CIRCUIT BREAKER IMP. DISTRIBUT. 

!29639,QI2 TO .018 
129639 012 - .018 
N50 83 027-.033 
115063 I.027-.033 CIRCUIT BREAKER IMP. DISTRIBUT. 

SINGLE BALANCE TEST 0 1 2  - . 0 1 8  
SINGLE BAL. TEST INTER. PICKUP 120381 .012 -018 

TOTAL PRINT a CARRY CONTROL 127683 .027-03 3 
127683.027- 033 
127683 G27-.033 

CLASS OF TOTAL CONTROL 
FINAL TOTAL KEY CONTROL 
TOTAL RELAY CONTROL 
DOUBLE BALANCE TEST 
PUNCH BUS INTERLOCK CONTROL 
3'NGLE BALANCE SEL. HOLD CTRL. 
DIGIT SELECTION HOLD CONTROL 
DIGIT SELECTION HOLD CONTROL 

LOWfotl CAM NAME 

CORRECTION ADD 3 

CORRECTION ADD 7 
CORRECTION ADD 9 120381 .012 -.018 

TOTAL PRINT a CARRY CONTROL 
116 107,012 
12 7683.027 

-.018 
-.03 3 

TOTAL PRINT A CARRY CONTROL 
TOTAL PRINT A CARRY CONTROL 
GROUP CONTROL PICKUP TEST 
GROUP CONTROL PICKUP TEST 
CONTROL TEST 

PRINT CLUTCH CONTROL 
CLASS OF TOTAL CONTROL 

1224 II .012 -.018 
122411 ,012 - 018 
116106 PI2 -.018 

CIRCUIT BREAKER IMP. DISTRIBUT. 
CIRCUIT BREAKER IMP. DISTRIBUT. 

TIME 

CORRECTION ADD 5 
120381 .012 - .018 
120381 .012 -.018 
120381 .012 -.018 

SUMMARY PUNCH START 

SELECTIVE LIST CONTROL 
123261 .027 -.033 

027 -.033 

31 AUTO START PICKUP CONTROL 
32 AUTO START HOLD CONTROL-

33 ICARRIAGE EJECT CONTROL 

IDLING CONTROL HOLD 
HEADING CONTROL EXIT "X* 

200  
.027-.03 3 
.012 -.018 

24973 
2501120763J0I2 -.018 

.027-.033 

.027-.033 
027-033 
012 -.018 
.012 ' .018 
.012 -jOIB 

Q27-.Q33 

127688 
24973 

~?!*M 
JOCATIOH CAM NAME M 

B |TIME CAM 
SIZE 

CAM 
PART H QJ 

3M-I UPSTROKE SPACE DIGIT CONTROL HOLD S |B 90 4/|4 109408 
2 EJECT AFTER TOTAL CONTROL T B348 L3/L4 109426 
3 TOTAL SWITCH PLATE MAGNETS INTERLOCK M M268 l(V|4 109420 
4 
5 

6 
7 

8 
9 LINE SPACE SKIP CONTROL 8 8 7 V.4 109408 
10 LINE SPACE DOWNSTROKE B MI92 '/28 109401 
11 PLATEN FEED OR LINESPACE UPSTROKE B B80 '/28 109401 
12 PLATEN FEED DOWNSTROKE B B2S0 '/28 109401 
13 LIST SPEED CONTROL M B327 1/28 109401 
14 TAB SPEED CONTROL 8 M327 '/2 8 109401 
15 MINOR CONTROL 8 B2I0 |3/|4 109426 
16 INT. A MAJ. CONTROL B 8162 12/1A 1094 24 
17 AUTO START PICKUP CONTROL M M26C '/28 109 401 
18 CARRIAGE ISJCARD IN CONTROL B B2I6 '/56 109400 

10 LINE SPACE DOWNSTROKE B B243 '/28 109401 
17 LINE SPACE UPSTROKE B BS '/as 109401 

DESCRIPTION PLATE POSITIONS 
CARD 
HOPPER CONTACT 
LOWER CARD LEVER 
PLUGBOARD CIRCUIT BREAKER 

"B" 

"D" 

UNIVERSAL CONTROL CONTACTS 

DIGIT TRANSFER 

1-2-3 
4-5-6 
7-8-9 

10-11-15-16 
16 

12 
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umiarauiEUga 

lamifawgnBBia 
IBfHSHBHQ™ 

RIGHT END RELAY GATE 

l FFT REAR RELAY GATE RELA f I 
POS RELAtlPICKUPMOUl 

POS 1 COIL COIL IQ-BllO-E 
W  P9-crtQ^CllQfl 

9-D 19-B 

RIGHT REAR RELAY GATE 

3* A Z ' B  RELfitPlCatUf 
PCS COIL 

HOLS 
COIL 

I4"E S4-A 

I2-EI2-B 

15-BilS-O 
I2-EII2-E 

4 - B  O - B l l O - E  

9-C 9"D iS'CjlB'G 

D 22-C 22-G 

342IH-E 

I5-DII5-D 

20-C 2Q"C 

20-0 20*0 

FUSES 

FUSE NO. 
1 to 16 & 29 to 32 

17 to 28 

3 AMP GLASS 
2 AMP GLASS 

SUMMARY PUNCH 10 AMP CARTRIDGE 
13-16 OMITTED WITH ARMATURE 

LATCH MAGNET UNIT 



O I .7 KOTE -WHS* OISIT 
5 ( SELECTION IS HOT REOC 
<TO 1 TAPE IT WIRE A BEL* 
TO< I GATE END ITME foul 
<U S Posmo*s»-ss,«-®5. 

COSITIVt 
POTENTIAL 

SHORT 
\SHEF.T 

TO "Off" POSITIONlCONTACT 
OF S I 8 (INDEX P B)/ f 

AOkJUZl 
F.GREEN 

ft£AP 
co*r**L 
4*3 K-Hi 

•j-13-B 
3 AUTO TOTAL 
FJ'NGTMLOCK 
^CARRIAGE SK®J 
L37AL , 
IF CARRIAGE SKF 

BLACK 
EJECT < 
LINE , 
SPACE 

INTERLOCK 

,47 . SECTOR 
0 L«OVERFLOW 
rry-I DIGIT SUCC 
K-I-J EJECTION 
J L- CONTROL 
n*rr-I HEAD 
K-K-J CONTROL 
J L-I I NX - X 

IM HEAD 
V-V CONTROL 
J *-< 3X-NX 

771 EJECT 

TOTALVF 

38 1 SKIP 
FL. OVERFLOW 

INTERLOCK 

0 C 
MOTOR WINC GENERATOR [HOPPER 

CONTACT »VAL 
DOOR CONTROL 
CONTACT ODR-2»AL H» HEAD * T0 

4_/ \£DMTRQL 1 HEAD 
HEAD CONTROL CONTROL 

/> 0EXiT RELAY«2 
HTATJ NX R 28 AL ' 

(PLUG TO CARRIAGE (INDEX I 
ITNTX^X " SKIP# I "D" PLUG HUBIJT.CJ J 

HEAO 
COHTtfOL a! MX * 

I OAK, 
SAfcr 

FOR MEDIUM-LONG 
AUTO CARRIAGE ADD 
JUMPER BETWEEN 

rsa* 

cTftl 
SINGLE 
BAL SEL 

^ _ R ? 7 7 B U  

MOTOR 
TERMINAL S P 

CTRL 
R6CAU. 

POSTS 20 ft 22 
IRRCARO IN 
CARRIAGE EJECT 

EJECT INTERLOCK ft AUTO START 
CONTROL#2 

R3iBUR33,Ag_ 
PUNCH BUS 6 
INTERLOCK Z VARIABLE RES INTERLOCK 

SUCCESSIVE 
EJECTIONS I GARO IN 

CARRIAGE 
EJECT 
CONTROL 

CONTROL PANEL 
TERMINAL 

TWO 
EJECTIONS 
CONTROL 

DIGIT 
SUCCESSIVE 
EJECTION -
CONTROL 

(tjClT) fit MT «*/ 3 I PR, :>l-* i 
rem rj£cr,wrfnu»< 

&A*n: 4TA£T 

HTATT 
CANTROL 

EJECT ARREN 
rorAL 'a ftAA a R285BU 

£jfcr SEE 
CHART 
FOR 
CORRECT 
THERMAL 
ELEMENT 

EJECT INTERLOCK ft AUTO START. 
CONTROL C*T. 

SHEET 
0V£FIFT.OV 
CONTROL 

|GE I 
STARTING 
\ RELAY 

HEADING 
CARD 
EJECT 

EJECT-LINE 
SPACE INTERLOCK UNCH XE/SR-&SA 

R?TP5 
ILINE CRACE 
SKIP INTERLOCK 

R292BU] EJECT a* 
TWO T(F% 

EJECTION ^ 
CONTROL CICSCft EJECT 

GANG 
PUNCH 

EJECT AUTO 
START CONT 
,*S 

TOTAL 
R-41 BU INTERLOCK 

SUCCESSIVE 
EJECTIONS, 
O* 0 S-221REAR) 
e** 

R"O-:AL 
5BDOWN STROKE 

EXTRA SPACE 
INTERLOCK 

&QP35AL 
CARRIAGE ' 

SHEET 
*** OVEPFLOW 
£SFTR46AL-> 

T 

HAND 
TOTAL 

ON . TO AUTO 
CARRIAGE 

Uhh TERMINA! 
POST #11 

(INDEX 9 B) 

S-18 

^STARTING 
RESISTANCE 

110V ' 
18^ 250V 

7F EJECT INTERLOCK 
T a AUTO START 

CONTROL# I 

ZJ EJECT NTERLOCK 
U ft AUTO START 

CONTROL# 2 

*12 Bu ffr*)!}* Pjf 
CF-POST 5 
STACKER 

\ST0P 
JSWITCH 
CF POST 6 

AUTO TOTAL | 
INTERLOCK , 

HAMMER -
LOCK TRANS 
R96B . 

SKIP SKIP 
WERFUW rrf-jri 
S^FI IA-3 PR 

SHEET OVERFLOW 

jsm. 
<sneuii 4 sH/ks ^ _. 

.R26AU 

EJECT BEFORE 
TOTAL ft-23 ft I 

rnr 
•EU/fTtJ ^SHEET 

OVERFLOW 
CONTROL 

SPEED 
CONTROL 
RESISTANCE 
125/v 110V 
300^ 220V 

EJECT WTERLOCK ft AUTO START 
CONTROL# 2 

2 LINE 
CONT 

TC MOTCP S-9 INT 
AUTO 
TOTAL 

JQJNT 

S-8 
Ml AUTO 
TOTAL 

GENERATOR 

10TOR WIRING 
4 OR I HP 
60 CYCLE I PHASE 
50 CYCLE I PHASE 
SO CYCLE I PHASE 
SO C YCLE I PHASE 

R46AU £ b*8V R28AU H/U 
3*iW7 SHEET 

^OVERFLOW 

EJECT 5-21 
44 SPACE(FRONT) 

OPENED 
BY ARM®! 

^ OPENED 
FRL BY ARM# 2 R 

PRINT 
CLUTCH 

UC4D 
CARRIAGE 
SKIP# 2 

IDLING 
CONTROL 

TOTAL 
KEY 

HAND TQTAL SKIP 
STOP 

CONT#5 
MOTOR 
TERMINAL / ft<7 \ 

I UPPf* j cou ttJ hc r ttSfDf 

R64BL 
R29AU' START INTERLOCK 

'.L •—C3 PP1/7 

*-Q 
'Si/? IBftzsv 

ucc 
R43BU R69BU R64BL 

CARRIAGE 
SK IP# 2 CONTROL PANEL 

TERMINAL SHEET STOP 
CONT#! HH-

EJECT LINE 
SPACE INTERLOCK 

>EJECT 
SPACE 

R* 
/Z&F* 

TWO ; 
R?2 EJECTIONS I 
BL CONTROL J 

REMOVE ft 
TAPE WHEN 
AUTO CARRIAGE 
9 USED • 

ceoo 
NLL REMOVE FOR 
, N 60-80 SPEED 

SENTINEL 
SWITCH 

SWPOVEWLO* 
WTERLOCK # 1 SHEET 

EJECT 
HEAP 
CO KTtt. 
MVTBN 

Tpr.rt 
e-33/? 

SEE CHART 
FOR 

CORRECT 
THERMAL 

'ELEMENT 

CTRL CMG 
INTERLOCK SWP OVERFLOW 

INTERLOCK#! 
4-5 MFD ~ 
CONDENSERS VR 
WITH TO^ F-° 
INTERNAL, 
REGSTORS. TC "A 

(river* i. a) 
ZJECTUHC 
snurr uneitaxK 

?70BU 
SHEET 

OVERFLOW 
CONTROL 

CONTROL 2 p. gi B 
R28 BL R-31AU •— 

PLUG 
RECEPTACLE EJECT INTERLOCK ft AUTO START 

CONTROL #1 CARRIAGE 
SKIP# I 

CARRIAGE 
SKIP#I 

SKIP OVERFLOW 
INTERLOCK# 2 , THERMAL 

ELEMENT 
IA KP.H.C. 

THERMAL 
ELEMENT 
I HP W.X. 

\EJEcr ArrfAr 
\r<rAi 

THERMAL 
ELEMENT 
I HP H C. 

FT-340 
ftl' CARRIAGE 

SKIP#2 *J"r. (HOLO COIL < 
IS NOT USED) 

E~ KJNCH | 
B BUS , 

INTERLOCK 

TOTAL ,2t>ft£9ALm 

ftQftM-

ZftS-4- R397A 
ft£Af 

CAftTftOL 
9 / f t X X  

AMP FART NO. AMP1 PART NO. AMRLPART NPI ?ca*O— 
I~""OU C °*'RTTC L 

Mr rSm SEI -— 

CARRIAGE 
SKIP#2 

CARRIAGE 
lSTCARft IN 

CTRL CHG 
INTERLOCK 

•DlSCONN ft TAPE 
BOTH ENDS FOR 
80 LIST MIN 

PRINT 
CLUTCH 
RELAY 

ZONE 
BAIL 
CTRL 
MAGNET 

W&PACE iT/U. 

HEAP 
EAMTftUV^l 
ftjx-ffx rn-/9BU 

F —N FPINT 
; —VCLUTCH 
{ ?] MA6NETS 

CF 
CLUTCH 

MACNET 

CARDFFED TAB SPEED 
[ 3] CTRL 
J; MAGNET 

UST SPEED ' 
CTRL rr~ i 

MAGNET 
DOWN STROKE 
coirr IIIT'I'K K398A 



DOUBLE BAL 
TEST 
RELAYS 

SINGLE SAL 
CLASS OF ' 
TOT. RELAYS 

SINGLE BAL MINUS TOT. MINUS 
SELECTION CORRECTION CORRECTION 
RELAYS CTRL.RELAYS RELAYS 

CTR. 
GROUP 

SINGLE BAL 
TEST 
RELAYS 

+• a -

RELAYS 
GROUP 

NO 
COUNTER 
POSITIONS PBCB CONT 

PLATE I.2S? 
CONT. 
POS. 

INDEX 

TSA CONT. 
'LATE 4,586 $//ro 3/z ZStiSC 
CONT 
POS. INDEX 

6S/Z 7Z 2417*248 TSB CONT. 
PLATE 7,8 & 9 
CONT. 
POS. INDEX 

COUNTER TOTAL EXIT (ON SUMMARY PUNCH PLUGBOARD) 

20 WIRE 

TSC CONT. 
PL. 10,11,15,16 
CONT. 
POS. INDEX 

2 0 WIRE 

R-277AL' R-284AL R-2S8AL R 
SINGLE BAL. SEL | COUNTER EMITTER JUMPER SYSTEM 

TO BE USED ONLY WHEN ^24 GAUGE WIRE IS EMPLOYED 

T" 

TSD 
PLAT 

CONT. 
E 16 

CONT. 
POS. INDEX 

1 12-E 
2 15—B 
3 15—E 

DIGIT TRANS 
PLATE 12 

UPPER HALF 
CONT 
POS. INDEX 

1 ll-B 
TO 
5 n-c 
6 
7 
8 
9 12-C 

10 12-B 
II II- D 
TO 
14 II- E 
15 
16 
17 
18 
19 
20 10-C 

UNIVE 
GONTF 
PLATE 
LOWER 

?OSLAL 

' HALF 
CONT 
POS. INDEX 

1 16-D 
TO 
20 16-D 

PM (PRINT MECH) 
CAMS CAMS 

CAM 
POS. NDEX CAM 

POS INDEX 
1 7-C 10 7-D 
2 9-Q II 7-P 
3 5-D 12 7-B 
4 13 2-0 
5 14 2-E 
6 15 15—C 
7 16 15-D 
8 17 4-D * 
9 7-D 17 6-D ' 

IB 19-D 

TOGGLE SWITCHES 

SW 
POS. INDEX SW. 

POS INDEX 

1 6-B 20 3-D 
2 7-B 21 H-0Si 
3 7-B 22 4 -0  
4 15-B 
5 15- B 
6 15-B 
7 18-C 
8 5-C 
9 5-C 
10 15—C 
II 3-Q 
12 6-C 
13 ai

 i w
 

14 15—C 
15 14-6 2 -6  
16 15-B 
17 15-B 
18 2—B 
19 

CB (CONTINUOUSLY 
RUNNING) CAMS CF (CARD FEED) CAMS 

CAM 
POS. INDEX CAM 

POS. INDEX CAM 
POS. INDEX CAM 

POS. INDEX CAM 
POS. INDEX CAM 

POS. INDEX 
1 19—B 19 15-B 1 3-E 19 16-B 
2 19-B 20 6-C 2 3-C 20 16-B 
3 19—B 21 5-fi 3 19-C 21 16-B 
4 19-B 22 18—B 4 19—C 22 19-C 
5 20-8 23 18-8 5 ll-B 23 19-C 41 19-C 
6 20-B 24 15-C 6 19-E 24 19-C 
7 20-B 25 5-D 7 19—E 25 18-E 
8 20-B 26 20-C 44 10-8 8 19— P 26 2 -8  
9 20-R 27 14-8 45 8-B 9 I9-D 27 ll-B 

10 15—E 28 14-B 10 19-E 28 8-B 
II 15—E 29 12-8 II 19-E 29 IO-D 
12 3-A 30 12-B 12 3-C 3C 9—E 
13 20-0 31 4-8 1? 7-8 
14 20-D 32 4-B 14 6-B 
15 20»Q 33 9-P 15 ll-B 
16 20-D 16 ll-B 
17 16-p 17 19-8 
18 16-B 18 19-B 36 L 8 -C  

CONDENSERS 

COND 
POS. INDEX COND. 

POS. INDEX 
1 2 -E  16 19-E 
2 2 -E  
3 2 -E  
4 2 -E  
5 13—B 
6 l l -B  
7 l l -B  
8 ll-B 

10 19-B 
II 4-e 
12 5-D 
13 5-8 
14 17-8 
15 17-B 

AUTO CARRIAGE 
P0S1 
POS. 

* UNIT 
NAME INDEX 

1 SHEET 
8-D 

2 ?ONT #1 
8-D 

3 EJECT 9-D 4 CONT ^2 9-D 
5 
6 

SKIP STOP 
CONT «3 8-D 

7 SKIP AUTO 
START 

CONT #4 9-D 8 
SKIP AUTO 

START 
CONT #4 9-D 

9 EJECT AUTO 
^START 
CONT #5 

00
 ! 0
 

10 
EJECT AUTO 
^START 
CONT #5 

00
 ! 0
 

11 
12 

INTERLOCK 
CONT #6 9-6 

13 LINE SPACE 7-E 14 MAGNET 7-E 
15 SHEET EJECT] 9-E 
16 MAGNET 9-E 
17 MOTOR 9-B 18 RESISTANCE 9-B 
19 DOOR CONT. 9 -8  
20 SHORT SHEET 9-B 
2 1 Z LINE CONT 8-D 
22 -ONG SHEET 9-8 
23 SECTOR 9-D 
24 CONT. 9-D 



[•mmM 

EMITTER 
-J? 259—, 
L SINGLE 
PI TEST 

COUNTER TOTAL EXIT (ON SUMMARY PUNCH PLUGBOARD) 

GROUP CTRL. RELAYS 
B R-1316 R-1359R-;53B R-£50 f 9tuenM orsrntHrrsm R325BL R293 

S-15| 
FRONT 

fvrnfi. ' 
' C0HT8&L • 
)HPUL*"f 

T-°ADD ••<?' jl— CARO IN 
.carriage 
EJECT 

PVI0 

(EJECT) 
BEFORE 
TOTAL 

ro'z. 'hub 
jserc. //£ 

UNEQUAL IMPULSES 
(PLUG TO SHUNT) QFFIJSD-

OSEQD-
SIL I0TIU- I R|O 

NET BAL PICKUP 
OR CTR BAL CTRL 
(PLUG TO C.I.) 

AU Ml R64AU 
PS- PI INT 

CORRECTION 
CYCLE CTRL RI30A 

R-SOB 
UPPER 
BRUSHES SINGLE ® 1 

ISAL. SEL S BAL CLASS OF 
i I2Lj 

c OBJECTION" *" •  c ra« pa 

LOWER 
BRUSHES 

RI66A R52AU ~ 
TAB AU1« 
TOTAL 

FINAL 

RI67A 
) C ARO 
COUNT 

:OUNTEF 
JMTRY zcyf r (oJ// a. 

SUBTRACT UNITS RI68A. ALPHAMERICAL TYPE BAR LIST ENTRY 

O O O O numerical type bar 
P I I WST e^TRY 

COMPLEMENT 
SUMMARY 
PUNCHING 

TI POSITION CTRL 

"CARRIAGE") 
1ST CARD IN I 

cmm> R-264AJ, 
CARRIAGF ~ 
1ST CARD. IN, 

ALPHAMERICAL TYPE R-2I8JL,, TOTAL 
ENTRY l*J CARD 

IN CARRIAGE 
EJECT CTRL. 

cowNTta. 
NUMCAlCAt 

T«TAJ. 
xerox 

Tviwujrs 
ENTRY 

C&-I3 
TS-C 1 
CONTACTS^ \ 

[LIST 8 
'TOTAL PRNli 
PLATE POSj 
10-11-15 a id 

1ST CARD 
N CARRIAGE 
JECT CTRL 

'class ' 
[of total-

[R£69BJ 

R 291 Ay, _ F'r' C" ?'|2 F-13 F-14 E-15 F-I& 
TO atusuo W.rw PULL ROD TYPE MAGNET UNIT 

ALPHAMERICAL TYPE-BAR LIsT ENTRY 

NUMERICAL TYPE'SAR LIST ENTRY NET BAL PICKUP 
OR CTR BAL CTRL 
(PLUG TO C L) 

PLUG TO UPPER BRUSHES FOR 
ALPH; PLUG TP tow* SELECTION 
jOj11 a 12) FOR CONTROL 

ALPHAMERICAL TY*»t-9AR ZONE MAGNETS 
SINGLE 
BAL. SEL 
R-292ftj 

TYPE- BAR TOTA1 EN 
10/6/ r 
\$£L£CT9M 
f AS *£QO. COUNTER TOTAL EXIT TOTAL TRA 

NUMERICAL TYPE BAR TOTAL ENTRY 
ben 
RI72A 

TS-C 1 
CONTACTS D 
LIST & U 
TOTAL PRINT 
PLATE POS. 
10-II-15 »16 

MINUS TOTALi 
CORRECTION CTRLJ 3KJSH viAKCS Z 

3€F0REC& 
I PLUG TO "C" 

TEMM© 
MI-GI Ml FIRST CARD CTRL 
•-a*. (6R. INDIC) 



EMITTER 
•P259 — 
LSJNGLE 
PS TEST 

COUNTER TOTAL EXIT (ON SUMMARY PUNCH PLUGBOARD) 
32 33 40 , 41 52 S3 

SR CRSIT 
MCfi TRA#J3 
OQWT. BOUT. 

fiFwer a 
class set 
CIRCUITS 

PICKUP 
DUO 

TCLAV 

<en wi 
A 2C 

A-our- z 
-our- j 

WIRES REMOVED 
AND TAPED 

A-o/jr- * 
t-our-s -THIS SYMBOL INOICATCS 

SUMMARY PtNC* CONNECTOR 

"2 BLACK-
A i RED-

AUTO CARRIAGE 
IMOTOR TERMINAL 
BLOCK 

plv+ acc&>r*c*£r 
{/r&o^r Y/£*y1 

SSs MifSJurg 9^TH>NS 
s © ] 0 0 © @ ® @ 0  

® © o ® o o o o 

®  ®  o  ®  o  c  o  o  
@ ® o ® o o o o  
@ ® o ® o o o o  
d ® o © o o o o  
© O O 0 O O O O  
m o o e o o o o  
a o o e o o o o  
@ b o o  

i  i f  ®  o  o  o  o  
@ 1 ® 0 @ O O O O  

® o ] ® @ o o o o  

®  o  ® ® o  o o  o  
@ 0 ® @ o o o o  
@ 0 ® ® O O C O  

@ o @ ® o o o o  
® o ® ® o o o o  
® o ® @ o o o o  

:OUNTEI 
;NTRy 

R-240AI 

PBC8 0 CARRY 
OONTROL CONTACTS 
*LAT£ POS It 6 3 

(rzour) 

rap v/£W 
AJTO CARRIAGE 
connecting PUJC TS-A CONTACTS 

CONTROLLING 
COUNTER TOTALS 
PI ATF POS 4.5,8 G 

UG TO CIAS! 
Of TOTAL S BAL 

CLASS 
OF 

.TOTAL 

IAR T OTAi EN" 

COUNTER TOTAL EXIT TOTAL TRANSFER 
NUMERICAL TYPE BAR TOTAL ENTRY j COUNTER L 

' CANCELLATION 

COUNT 
SUBTR. 

B TOTAL 

WITH 



P R E V E N T I V E  M A I N T E N A N C E  
Accounting Machine, Type 405 

C A R D  F E E D  U N I T S  
IF, UNDER NORMAL operating conditions, the feed unit has not been 
removed from the machine for approximately a year or more, it should be 
removed when time is available so that all bearings and setscrews in the 
feed roll gears on the right-hand side, as well as the lower feed roll pressure 
arms on the bottom of the unit may be checked. If the machine is receiving 
harder usage, the feed should be removed more frequently. Feed roll pres
sure shoe supports should be removed so that all feed rolls may be tested for 
wear and end shake in the bearings. 

In removing these, a band of scotch tape can be used advantageously in 
holding the springs compressed to facilitate anchoring to the side frames. 
The tape should be wrapped around the shoe and the pressure shoe bracket 
with the emulsion side away from the shoe and bracket. By overlapping an 
excess of one revolution of tape, the overlapping ends will adhere to each 
other to provide a solid band. After the bracket is mounted in the machine, 
the scotch tape can be removed, and the shoe will be released against its 
respective feed roll. 

At the time the feed is removed for cleaning, it is well to clean the zone 
control drive unit of all old grease. 

I. Cleaning 
Brush out all dust and dirt collected in the feed. See cleaning instructions 

on each unit listed under General Section. 

II. Inspection 
1. Brush Assemblies (see General Section). 

(a) CLEANING. Be sure to remove any powdered metal that has 
fallen on the brush holder from the pressure shoe just above it. 

(b) BRUSH SEPARATORS. 
(c) BRUSHES. 
(d) y8" PROJECTION. 
(e) BRUSH ALIGNMENT TO SCRIBED LINE. 
(f) BRUSHES EVENLY SPACED BETWEEN SEPARATORS. 
(g) BRUSH TRACKING. Set hopper side plates for lower brushes 

and change shims from one side to the other for upper brushes. 
(h) CONTACT ROLL for tightness on shaft. These are held in place 

by setscrews. 
(i) BRUSH TIMING. Set by changing crank pin plate for lower 

brushes and by shifting brush holder for the upper brushes. 

2. Feed (see General Section). 
(a) CLEANING. If the unit has been removed from the base, it 

should be thoroughly cleaned with cleaning fluid. 
(b) FEED ROLL GEARS for loose setscrews and end shake in 

feed rolls. 
(c) IDLER FEED ROLL GEAR STUDS for dryness. If these are 

not getting proper lubrication, check the oil lines feeding them. 
Be sure and test the fit of the gear to see that it will not freeze. 

(d) FEED KNIFE ADJUSTMENTS. 
(e) FEED KNIFE GUIDE SLIDES. 
(f) EVEN FEEDING OF CARDS. 
(g) HOPPER SIDE PLATES. 
(h) ROLLER THROAT. 
(i) FEED ROLL TENSION. 
(j) TIMING OF FEED KNIVES. 
(k) HOPPER POSTS. 

2 

TYPE 405 3 

3. Stacker 

(a) FINGERS for wear and broken springs. 
(b) OPERATING ROLLERS for wear or loose on stud 
(c) TIMING. 

4. CF Clutch 

(a) CLUTCH PAWL ARM for looseness or shake. Loosen the lock nut 
and check the key and keyway which positions the clutch pawl 
arm drive gear to the shaft for wear. 

( b )  L O O S E  P I V O T S  A N D  B R O K E N  S P R I N G S .  
( c )  F R E E D O M  O F  O P E R A T I O N .  

5. Lower Cord Lever (see General Section). 
6. CF Cams (see General Section). 

In order to clean the points it is unnecessary to remove the wires from 
the contacts, but it is well to remove the support bar as an assembly. 
Remove two dowels and four support screws in order to work on the bar 
The two screws in the left end of the CF contact mounting bars are diffi
cult to remove due to the left relay gate hinge and cover mounting post. 
An easy method for removing these screws is to remove the left relay 
gate cover and then close the gate. This will leave room to reach the 
screws with the 10" screwdriver inserted between the gate and the cover 
strip. The timing of CF 17 and 18 should be checked on every inspection 
as well as any others that appear to need correction. The value of the 
portable dynamic timer unit in checking brushes and cam contacts under 
operating conditions during an inspection cannot be overemphasized. 
Full instructions for its use are included with the timer. It is not necessary 
to remove the right end relay gate case and cover to install the timer 
For convenience in timing a large number of CF cams, the following table 
is made up in degree sequence: 

Degree Cam Degree 
19 B 23 162 B 
19 B 24 168 M 
76 M 9 171 B 
81 M 17 177 B 
81 M 18 177 B 
90 B 14 177 B 

108 M 1 181 M 
160 B 19 193 M 

C F  C A M S  

3 
25 
20 
10 
1 1  
27 

Degree Cam Degree 
198 B 4 270 
210 M 6 280 
216 M 30 287 
225 B 15 310 
225 B 16 340 
250 M 26 348 
268 B 28 360 
268 B 12 

Cam 
B 7 
B 8 
B 2 
M 13 
B 36 
M 22 

2\ B 28 360 B 29 

III. Lubrication 

IBM 6 

( a )  R O L L E R  T H R O A T .  
( b )  C F  C A M  F O L L O W E R  R O L L E R  f o l l o w e d  b y  I B M  $ 1 7 .  

IBM 9 

( a )  F e e d  r o l l  p r e s s u r e  s h o e  l u b r i c a t i n g  f e l t .  
( b )  A l l  f e e d  r o l l  b e a r i n g s  a n d  l i n k a g e s  n o t  l u b r i c a t e d  b y  B i j u r  S y s t e m .  
( c )  P i v o t  p o i n t s  o f  C F  c a m  f o l l o w e r  a r m s .  
( d )  P i v o t  p o i n t s  o f  C F  c l u t c h .  

IBM 17 

( a )  L i g h t  c o a t  o n  a l l  g e a r s .  
( b )  C F  c a m  f o l l o w e r  r o l l e r .  
( c )  V e r y  l i g h t  f i l m  o n  l i n e n  d i l e c t o  C F  c a m s .  
( d )  C F  c l u t c h  d o g  l a t c h .  

IBM 21 

( a )  C F  c l u t c h e s .  



4  P R E V E N T I V E  M A I N T E N A N C E  C U S T O M E R  E N G I N E E R I N G  

Z O N E  U N I T  

I. Cleaning 

At the time the feed is removed for cleaning, it is well to clean the zone 
control drive unit of all old grease. 

II. Inspection 

1. Zone Control Drive Unit for loose pins and wear. 

2 .  Z o n e  U n i t  

It is unnecessary to remove the zone unit when cleaning and oiling, 
except to replace parts. 

( a )  Z O N E  B A R S  f o r  f r e e d o m  o f  m o v e m e n t  w i t h  n o  s t i c k y  o r  b i n d i n g  
conditions. If a sticky or binding condition is present, it must be 
removed before spraying the zone bars with an atomizer, using 
lubricant 6. 

( b )  T O G G L E  L A T C H E S  t o  s e e  t h a t  t h e y  w i l l  m o v e  f r e e l y  t o  s u p p o r t  
the zone lever bail without the aid of the spring. 

( c )  Z O N E  B A I L  C O N T R O L  M A G N E T  A R M A T U R E  f o r  o v e r l a p  
on the armature latch. 

( d )  L I S T  L A P  o f  z o n e  u n i t .  

III. Lubrication 

IBM 6 

( a )  Z o n e  d r i v e  u n i t  c a m  f o l l o w e r s  ( f o l l o w e d  b y  I B M  1 7 ) .  
( b )  S p r a y  z o n e  b a r s  w i t h  a t o m i z e r .  
( c )  A r m a t u r e  p i v o t  p o i n t s .  

IBM 9  

( a )  A l l  z o n e  l i n k a g e s  a n d  p i v o t  p o i n t s .  

IBM 17 

( a )  Z o n e  d r i v e  u n i t  c a m  f o l l o w e r s .  
( b )  A l l  z o n e  u n i t  c a m s .  

C O N T I N U O U S  R U N N I N G  U N I T S  

I. Cleaning 

This will be covered under each unit in Inspection. 

II. Inspection 

1. Two-Speed Clutch 

( a )  C L E A N I N G .  K e e p  t h e  d r i v e  s u r f a c e s  f r e e  o f  o i l  a n d  s c r u b  w i t h  
carbon tetrachloride to remove all gumming oil. This will reduce the 
tendency of the pulleys to be slow in changing from high to low speed. 

( b )  A D J U S T M E N T S .  D i f f i c u l t y  i n  o b t a i n i n g  p r o p e r  a d j u s t m e n t  o f  
the clearance between the two-speed clutch friction arm and the 
clutch disc on the list speed side can be traced to the method of 
assembly of these parts. Since a right-hand thread is used on the 
pivot screw and the nut is on the bottom, it is obvious that after 
the correct adjustment is obtained, tightening of the nut forces the 
adjusting screw away from the casting, thus altering the clearance 
between the friction arm and the clutch disc. 

In order to facilitate making correct adjustment, it is suggested 
that these be assembled so that the nut is on top. Tightening of the 
nut in this position will force the adjusting screw against the casting, 
thus maintaining the proper clearance once it has been set. 
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2. Drive Housing 

( a )  I D L E R  G E A R  o n  s i d e  o f  d r i v e  h o u s i n g  t o  s e e  t h a t  t h e r e  i s  n o  s l a c k  
between the drive gear on the side of the drive housing and the driven 
gear on the continuously running shaft. The means of keeping this 
snug is by doweling the idler gear support plate to the housing. 

On early machines this idler gear support was not doweled. The 
holding screws on the bracket came loose quite frequently, resulting 
in the shifting of the bracket and allowing the gears to slip out of 
mesh, damaging the teeth of the gears. If the surface of the drive 
housing and the surface of the idler gear bracket were free from oil 
when the holding screws were tightened, the possibility of slippage 
was reduced to a minimum. It is suggested that carbon tetrachloride 
be used to clean these surfaces whenever the bracket is removed. 

( b )  O I L  L E V E L .  R e m o v e  t h e  c h e c k  p l u g  a n d  s e e  t h a t  l u b r i c a n t  1 5  i s  
level with the bottom of the check plug hole and covers the worm 
gear. Add lubricant when necessary through port in top of the housing. 

3. CB Unit (see General Section). 
In order to clean the points it is unnecessary to remove the wires from 

the contacts, but it is well to remove the support bar as an assembly. 
Remove two dowels and four support screws in order to work on the bar. 
The timing of CB 1-2-3-4 should be checked on every inspection, as well 
as any others that appear to be off. Be sure that CB 1 and 2 break be
tween 90%° and 91° as well as making at 81°. 

Give special attention to CB 3 and 4 as these receive a heavy arc. A 
quick check of the timing of these 4 cams as a unit may be taken without 
removing any covers. With no power on the machine, plug one end of a 
test light in the UC1 hub and connect the other end to the "L" side of the 
line below the fuse blocks. Crank the machine over by hand until the light 
comes on indicating all four CB's are made. This may be used as a test 
of the four cams as a unit while servicing, or after having changed one 
or more of the contacts. Where possible on inspection adjust the contacts 
and time the cams with the use of the dynamic timing device. 

For convenience in timing a large number of CB cams the following 
table is made up in degree sequence: 

C B  C A M S  
Degree Cam Degree Cam Degree Cam 

1 B 22 89 B 15 215 B 28 
1 B 23 90 B 3 230 M 10 
7 M 9 90 B 4 268 M 20 

43 M 8 90 B 16 268 B 31 
48 B 32 90 M 17 270 M 21 
48 M 44 99 B 18 270 B 29 
79 M 7 115 M 6 270 B 30 
81 M 1 151 M 5 280 B 33 
81 M 2 195 M 11 300 M 27 
87 B 13 200 M 24 306 M 26 
88 B 14 210 M 19 316 B 25 

210 M 45 348 M 12 

III. Lubrication 

IBM 6 

( a )  C B  c a m  f o l l o w e r  r o l l e r  f o l l o w e d  b y  I B M  1 7 .  
IBM 9 

( a )  P i v o t  p o i n t s  o f  C B  c a m s .  
( b )  P i v o t  p o i n t s  o f  2  s p e e d  c l u t c h .  

IBM 15 

( a )  I n  d r i v e  h o u s i n g .  

IBM 17 

( a )  C B  c a m  f o l l o w e r  r o l l e r .  
( b )  L i g h t  f i l m  o n  l i n e n  d i l e c t o  c a m s .  
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P M  U N I T S  
I. Cleaning 

This will be covered under each unit in Inspection. 

I!. Inspection 

1. PM Clutch 

(a) Loose pivots and broken springs. 
(b) Freedom of operation. 
(c) Loose weld of armature face. 

2. Main Drive Shaft  

For wear and loose pins in any cams or gears mounted on shaft. 

3. Hammer Unit  

(a) CLEANING. The hammer unit should be removed for proper 
cleaning, inspection and lubrication. If type bars are also to be in
spected, do not replace the hammer unit until after type bars have 
been cleaned and lubricated. 

Remove hammerlock support bar so that the accumulated dust and 
paper staples may be cleaned from the hammer unit. 

(b) LINKAGES AND BAILS for loose pins and red rust at pivot 
points. 

(c) HAMMERS for freedom on shaft and that none are sticky or 
binding in the combs. 

(d) HAMMER SPRING BAIL SHAFT for wear. A coating of IBM 17 
on this shaft will aid in reducing the cutting action of the hammers 
hitting the shaft when the alphamerical bars are in the blank position 
and have been released because the zero split arms were not raised. 

(a) HAftfl^flER LOCK BLUE STEEL SPRINGS for correct position 
after hammerlock out support bar has been replaced. 

4. Standard Carriage 

Remove as an assembly and clean out all paper dust and form staples. 
Use lubricant 9 on all rollers and operating bails, and also on feed pawl 
and detent roller under carriage cover at left end of the assembly. While 
the carriage is removed, an inspection of the print magnet unit and the 
type bars may be made. When replacing carriage check for clearance 
between type bars and platen; also alignment of platen to center line of 
type when stopped for printing. 

5. Print  Magnet Unit  

Remove for complete inspection and to check type bar lift arms. 
(a) CLEANING. Clean all dust and staples from the unit. Check for 

paper clips among terminal posts. 
(b) PULL WIRE TYPE. Pawls for freedom and, after cleaning, oil 

stop pawls and latches with lubricant 6. All operating linkages and 
heavy bearings should be oiled with lubricant 9. 

(c) ARMATURE LATCH TYPE pawls for freedom and, after clean
ing, oil stop pawls with lubricant 6. All operating linkages and heavy 
bearings should be oiled with lubricant 9. Use grease 17 on the cam
ming surfaces of the restoring bail. 

(d) STOP PAWL RELATCH BAR for proper adjustment. 
(e) ARMATURE RESTORING BAIL for proper adjustment. 

6. Type Bars 

(a) CLEANING. If the face of the type is dirty and filled with ink, 
crank the machine so that the type bars rise to their upper limit of 
travel, and clean them with a plastic type cleaner. The type may be 
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cleaned by rolling the cleaner over the face of the type. This opera
tion will remove all ink and dirt in the type character. 

If the type face and type tail are loaded with ink, the type bars 
should be removed by removing the hammer unit and the two front 
type bar guide bars and dropping the type bars forward without un
hooking them at the bottom. (This method of not unhooking applies 
only to May 1st machines; on old type machines the bars will have 
to be removed completely.) By using a three-panel permanent board 
cover setting on zone unit, one can clean all bars thoroughly without 
unhooking them. Once the bars are removed, it is best to use a brush 
and completely clean the entire bar with carbon tetrachloride. At the 
same time, compress the type springs so that the ink may be thor
oughly washed from the interior of the type case. Whenever type is 
washed with carbon tetrachloride it is essential to lubricate it with 
IBM lubricant 6 to eliminate the possibility of sticking type. Care 
should be exercised in lubricating type to insure its not being 
lubricated to excess. 

(b) TYPE BARS BEFORE REPLACING for broken or weak type 
springs, worn type cases, loose rivets, bent type, etc. 

(c) TYPE BARS AFTER REPLACING for binds or sticky conditions. 
( d )  T Y P E  B A R  L I F T I N G  C A M S  A N D  S H A F T S  f o r  l o o s e  p i n s .  

Check all pins in cams and shafts to see that they are tight and not 
broken or bent. Likewise, a check should be made for any excessive 
play in type bar operating linkage or in forked arm cam follower hub 
and shaft. This is very important. There have been many cases where 
a loose pin was the main source of a long existing unsatisfactory 
printing condition. A quick method of checking for lost motion in 
the linkage is to note the difference in zone lap between zoning one 
bar, and zoning all 43 bars. The difference should not be excessive. 

( e )  L E V E L  T Y P E  B A R S  i n  t h e  a l p h a m e r i c a l  s e c t i o n  b y  a d j u s t i n g  
the eccentrics at the forward end of the spring bail arms so that type 
bar 1 and 43 are stopped at the same time. In machines which are 
equipped with the turnbuckle adjustment, loosen the locking screws 
and turn the center section to level the restoring bail. In the numer
ical section the restoring bail is leveled by turning the eccentric 
screws at the forward end of the numerical spring bail assembly. 
The restoring bails with the eccentric screw adjustments should posi
tion the type bars so they are stopped on the #1 tooth by the stop 
pawls at 168° ± V20, #5 tooth at 96° ± V20, and #9 tooth at 24° 
± V20 on both sides of the print unit. If this check reveals that the 
stopping time varies for these three settings, the eccentrics on the 
spring bail must be adjusted. These eccentrics can be set with the 
high side in various positions and still keep the bars level. How
ever, considerable variation in the total movement of the type bars 
is possible by moving the high side of eccentric from the rear to the 
front. Therefore, the adjusting of these eccentrics must be made to 
keep the stopping time correct at "one" and "nine" time as well as 
keeping the type bars level. 

( f )  S T A R T I N G  P O S I T I O N  o f  t h e  a l p h a m e r i c a l  t y p e  b a r s  i s  d e t e r 
mined by measuring the type bar travel from their lowest position 
until the bar is stopped at the 9 tooth by a stop pawl. The low 
position of the alphamerical section may be determined by ad
justing the forked arm of the alphabetic cam follower. The total 
rise from the low position until stopped by a stop pawl must be 
.133" or Vs". 

In the numerical section this dimension should be .066" or slightly 
more than >f6". To obtain this distance the position of the eccentric 
screw at the top of the link to the numerical spring bail should be 
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altered, keeping the high side of the eccentric to the front of the 
machine. 

(g) LIST LAP is determined for both the alphamerical and nu
merical section by timing the main cam shaft. With the test light, 
impulse several type bar print magnets. Crank the machine until the 
type bars stop and note the index time. If it is not 24° ± V20, 
determine the number of degrees that the cams are timed early or 
late. Crank the machine until the type bars are all the way down 
and all the spring tension is released. Loosen the sleeve nut on the 
serrated hub of the main cam shaft drive gear, then turn the crank 
so that the index moves in the direction of the correction plus or 
minus the desired number of degrees, one serration being equal to 
one degree. If any change is made in the main cam shaft timing, 
check the timing of the following units: the PM cams, the hammer 
trip, the hammer restoring, latching and releasing of the print magnet 
armature knockoff bail. Also check, when zoning and the follower 
for cam 2 of the zone control drive unit is on the high point, that 
there is .030"-.040" clearance between the setup pawl and the zone 
slide section of the type bar. 

If the variation in the stopping time between the alphamerical 
and numerical type bars exceeds the dz1/^0, recheck all adjustments 
and check for loose pins. 

An easy way to check the list lap on the alphamerical side is to 
wire a board to list several positions at each end of the unit. With 
the drive belts removed and power on, trip both clutches and crank 
the machine by hand, feeding in a card punched with "1", "5" or "9" 
holes. As soon as the stop pawls trip off, turn the main line switch 
off to prevent an overload of the generator. Continue cranking and 
observe if type bars stop at the proper point on the index as indi
cated above. It is permissible to crank machine backwards a degree 
or two to raise and lower the type bar slightly to give a more accurate 
check of just where the bar stops. Care must be taken not to turn 
the machine backwards more than a degree or two, or damage to the 
PM cams and brushes will result. 

7. Ribbon Feed 

(a) CLEANING. Clean out all dust and old grease. 
(b) FREEDOM OF MOVEMENT. Crank machine to a point between 

200° and 210°, at which time the locking pawls are clear of the 
ribbon feed shaft, and check for freedom of all moving parts. Oil all 
pivot points with lubricant 9 and use grease 17 to lubricate the 
camming surfaces of the reversing forks. 

(c) RESTORING STUDS for wear. 
( d )  R E V E R S I N G .  S e e  t h a t  w h e n  t h e  r i b b o n  r e a c h e s  t h e  e n d  o f  t h e  

spool, the operating rivet in the ribbon will cause the latches to clear 
their respective reversing forks. 

8. PM Contact  Cams (see General Section on "Make and Break Cam Con
tacts")- Also check for looseness of gears driving PM cam unit. 
For convenience in timing a large number of PM cams the following 

table is made up in degree sequence: 

PM C A M S  

Degree Cam Degree Cam 
7 B 9 260 B 12 

80 B 11 262 M 17 
90 B 1 268 M 3 

162 B 16 327 B 13 
192 M 10 327 M 14 
202 B 18 348 B 2 
210 B 15 
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I I I .  L u b r i c a t i o n  
I B M  6  

( a )  B r o n z e  o i l i t e  s p a c e r s  i n  h a m m e r  u n i t .  
( b )  T y p e  b a r  c o m b s  a n d  t y p e  t a i l s .  
( c )  S t o p  p a w l s  a n d  l a t c h e s  o f  p r i n t  m a g n e t  u n i t .  

I B M  9 
( a )  P i v o t  p o i n t s  o f  b a i l s  a n d  o p e r a t i n g  a r m s  i n  h a m m e r  u n i t .  
( b )  R o l l e r s  a n d  o p e r a t i n g  b a i l s  o f  s t a n d a r d  c a r r i a g e .  
( c )  F e e d  p a w l  a n d  d e t e n t  r o l l e r  u n d e r  c o v e r  a t  l e f t  e n d  o f  s t a n d a r d  

carriage. 
( d )  O p e r a t i n g  l i n k a g e  a n d  h e a v y  b e a r i n g s  o n  a r m a t u r e  t y p e  p r i n t  m a g 

net unit. 
( e )  P i v o t  p o i n t s  o f  r i b b o n  f e e d .  
( f )  P i v o t  p o i n t s  o f  P M  c l u t c h .  

I B M  1 7  
( a )  P M  c l u t c h  d o g  l a t c h .  
( b )  V e r y  l i g h t  f i l m  o n  l i n e n  d i l e c t o  P M  c a m s .  
( c )  H a m m e r  s p r i n g  b a i l  s h a f t .  
( d )  C a m m i n g  s u r f a c e s  o f  r e s t o r i n g  b a i l  i n  p r i n t  m a g n e t  u n i t .  
( e )  C a m m i n g  s u r f a c e s  o f  r e v e r s i n g  f o r k s  o n  r i b b o n  m e c h a n i s m .  

C O U N T E R S  
TO INSPECT COUNTERS, it is not necessary to remove the wires from the 
counters, as there is sufficient cable so that counters may be removed from 
the machine and either be placed on top or allowed to hang by the cable. 

Remove only the number of counters that may be inspected in the time 
available, allowing approximately 5 to 10 minutes for each counter plate. 
Be sure to test counters after inspection. 

I .  C l e a n i n g  
All old oil and grease should be removed by washing thoroughly with 

cleaning fluid. 

I I .  I n s p e c t i o n  
1. Counter Spools. With counters removed, turn the machine to 15° and 

insert the counter spool jig, at which time the indicator arms should 
coincide with the 0 on the scale. Two marks on the gauge equal one 
degree on the index, and on any machine where the spools are out 
— 1 V2 :, the spool should be retimed. 

2. 9-10 Brush Holder for freedom of movement. 

3. 9-10 Brush for central location or slightly on the 9 side when the operating 
arm is on the long dwell of 9-10's cam. If the machine has been giving 
counter trouble the timing of the 9-10 brushes should be checked to 
make sure that they make on the "10" side at least one degree before 
CB 1-2-3-4. 

4. Counter Emitter Brush for riding to the center of the 9 spot when the 9-10 's 
cam follower arm is in its low dwell. 

5. All Pivot Points and Operating Studs for wear and looseness. All of these 
should be lubricated by dipping the end of a small screwdriver in 
IBM 6 and just touching the screwdriver to the point to be lubricated. 

6. Add Magnet Armature by attracting it and revolving the counter, check
ing for a .010" minimum clearance at the detent arm and detent, and 
an unlatching clearance of .005" at the add magnet armature and the 
clutch arm. Also check for knockoff and latching clearance. 
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7. 9-10's Latch. When the counter revolves to the 10 side of the 9-10 s 
operating cam and with arm on the high point, check for a .006 latch 
clearance of 9-10's latch. Continue revolving the counter and check for 
.010" unlatching clearance. 

8. Cancellation Magnet Armature for knockoff and clearance. When the can
cellation magnet is tripped, the add magnet armature should be clear 
of the latch arm also. 

9. 9-10 Brush Assembly Holding Screws for tightness. These will sometimes 
loosen on new machines due to shrinkage of the linen dilecto. 

10. Counter Wheel Detent for moving in and out freely without any binding 
action at the time the engaging cam is being brought clear of the 
clutch gear. 

III. Lubrication 

IBM 6 

( a )  A l l  p i v o t  p o i n t s  a n d  o p e r a t i n g  s t u d s .  

IBM 17 

( a )  O n  a l l  l a t c h i n g  s u r f a c e s ,  b e h i n d  l o w e r  w h e e l  c l u t c h ,  o n  e n g a g i n g  
cam and a small amount on clutch gear teeth and 1st and 2nd lobe 
carry cam. 

S W I T C H  P L A T E S  

DO NOT disconnect wires from the plates when removing them from the 
machine. 

While the plates are out of the machine, the bearings of the continuously 
running shaft should be checked for wear and to see that oil is reaching 
each bearing. Dryness or powdered metal is an indication that they are not 
being correctly lubricated. 

I. Cleaning 
Whenever contacts are cleaned with cloth or card stock, make a second 

cleaning with a burnishing tool. It may be best to clean only those contacts 
which need attention rather than to clean complete plates, as the contacts 
seldom give trouble when correctly adjusted. 

II. Inspection 
1. Operating Arm for freedom of operation. 

2. Insulator Pile Support Block for being loose. 

3. Contact Alignment so that the bottom and top straps are in line with the 
center strap and with the other groups. 

4. Air Gap on Points. The following procedure provides a simple and quick 
method of obtaining a correct adjustment for CPCB plates: 

With the card feed clutch latched, remove the CPCB plate. The 
washer and screw which position the operating arm on the pivot stud 
and the bail operating spring are then removed. A washer, similar to 
the packing case washer or the relay gate fastener washer is placed 
against the operating arm and the original washer and screw replaced. 
The screw is tightened until the added washer puts a bind in the 
operating arm and the contact operating bail is then pressed down. The 
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plate is then replaced in the machine. The operating cam will then be 
in its latched position at 330°, and the cam follower contacting it will 
move the bail to its 330° position. The bind in the operating arm will 
hold the bail in this position when the plate is removed from the 
machine and the exact contact adjustment at 330° may be obtained. 

The contact position at any degree of index may be obtained by 
tripping the card feed clutch, turning the machine to the required 
index point, and then following the above procedure. 

On total switch plates, check for rise of the contact straps when 
latched and unlatched. 

5. Knockoff Adjustments for total switch plates. This should be checked with 
the plate in the machine, but with one or two plates alongside of it 
removed so that the movement can be observed. 

Use grease on the support stud of the contact operating bar where 
lifted by the cam follower arm. 

Oil magnet armatures, latch and knockoff pivot points with lubri
cant 9. 

III. Lubrication 
IBM 6 

( a )  S w i t c h  p l a t e  c a m  f o l l o w e r  r o l l e r  f o l l o w e d  b y  I B M  1 7 .  

IBM 9 

( a )  S w i t c h  p l a t e  m a g n e t  a r m a t u r e ,  l a t c h  a n d  k n o c k o f f  p i v o t  p o i n t s .  

IBM 17 

( a )  S w i t c h  p l a t e  c a m  f o l l o w e r  r o l l e r  a n d  o p e r a t i n g  c a m s .  
( b )  S u p p o r t  s t u d  o f  c o n t a c t  o p e r a t i n g  b a r .  

B A S E  

I. Cleaning 
Clean out oil pan at base of machine and insert paper towels to cover 

bottom of pan. These will absorb any oil that will drop down and make 
for an easier cleaning job in the future. 

II. Inspection 
1. Relays (see General Section). Pay particular attention to burnt R16-A 

points and to the XR-MCR adjustments. 

2. Motor Generator (see General Section). 
( a )  B E L T S  f o r  w e a r .  
( b )  I D L E R  P U L L E Y S  o n  b e l t  t i g h t n e s s  f o r  w e a r  a n d  e x c e s s i v e  p l a y .  

3. Control Panel (see General Section). Also check condition of summary 
punch connector. 

4. Bijur System (see General Section). 
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Reproducing Punch,  Type 513 

Document-Originating Machine,  Type 519 

C U R R E N T  R E Q U I R E M E N T S - W E I G H T  

TYPE 513 

COMPARING REPRODUCER (80 columns) 

Volts Start Amps Run Amps 

110 AC 35.0 9.2 
110 DC 15.0 7.5 
220 AC 17.0 4.6 
220 DC 10.0 3.8 

Weight 945 lbs. packed; weight 735 lbs. unpacked. Dimensions: length 47", 
width 21 ", height 48 

TYPE 519 

Current values given are running currents. 

CURRENT REQUIREMENTS 

Voltage Phase Frequency Current 

115 AC 1 60 13.0 amp. 
50 15.6 " 
25 11.8 " 

115 AC 3 60 7.5 " 
50 9.0 " 
25 6.8 " 

230 AC 1 60 6.5 " 
50 7.8 " 
25 5.9 " 

230 AC 3 60 3.7 " 
50 4.5 " 
25 3.4 " 

115 DC 10.5 " 
230 DC 5.2 " 

WEIGHT 
Unpacked 1341 pounds 
Packed 1561 pounds 

DIMENSIONS 
Length 53" 
Width 24l/2n 

Height 49'/2n 

HEAT DISSIPATED IN BTU'S PER HOUR 
AC 4090 
DC 4110 

2 
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A D J U S T M E N T S  

FEED ADJUSTMENTS 

THE FOLLOWING adjustments 
apply to both the Type 513 and Type 
519 Reproducing Punches unless 
otherwise specified. 

Read Magazine Side Plates 
Adjust forward or backward so 

punched holes line up with grooves 
in first feed roll and provide .005 to 
.008" clearance over length of earns. 

Punch Magazine Side Plates 
Adjust punch magazine front and 

rear side plates through elongated 
holes so cards are punched in proper 
horizontal alignment on card regis
tration gauge. This should result in 
punched holes lining up with grooves 
in first upper feed rolls and proper 
tracking of X brushes. X brush 
holder may be filed or shimmed to 
allow for aligning X brush to card. 
Set magazine side plates for .005 to 
.008" clearance over length ol caras. 

Feed Roll Tension 
Adjust feed roll pressure bracket 

for even tension across length of roll. 
Springs for the first and second feed 
rolls of punch feed are heavier than 
others. 

Feed Knife Guides 
Position for a minimum of play of 

the racks between the guides, with
out causing any binds. 

Feed Knives 
The card feed knives are adjust

able and should be set evenly oneach 
side for a projection of .004 to -0045 • 
To adjust a feed knife, remove the 
feed knife block from the feed knife 
rack. This may be done without 
changing the position of the knife 
holder adjusting screw if it is held 
with a V4" °Pen end wrench while the 
knife block holding screw is removed. 

Adjust the screw that holds the 
feed knife holder to the feed rack so 
that the feeding edge of the knives 
travels .020" to .040" beyond the left 
edge of the card in the magazine. 

Check to see that both are adjusted 
evenly so that the card is fed parallel 
to the first feed roll. 

BRUSH ADJUSTMENTS 

Reproducing and Comparing 
Brush Alignment and Timing 

Adjust the reproducing brush 
holder and separator to front or rear 
by loosening the three holding screws 
in the slide assembly, so brushes 
align with holes in card. Check track
ing with soft substance such as car
penter's chalk. Adjust, comparing 
brushes in like manner for proper 
tracking. 

Adjust both sets of brushes for / g  
projection. Align reproducing brushes 
to scribed line on brush separators. 
Adjust feed knives so brushes make 
at 2 teeth before line of index and re
main made until 5 teeth past the line. 
Shift comparing brushes right or lett 
in holder to make at the same time. 

Punch Brush Alignment 
and Timing 

Punch brushes should project / g  
above separators which require a 
measurement of |J " from brush block 
to toe of brush. Adjust knives for 
even feeding so that brushes make % 
to Vi tooth before line of index.-Align 
as indicated under Reproducing and 
Comparing Brush Alignment. 

X Brush Timing 
Move X brushes in holders so X 

brushes in punch unit make contact 
through an X hole % to '/z a tooth 
before 13 and not break before A 
tooth after D. X brushes m read umt 
should make contact at 1 l°oth 

fore 13 and should not break befor 
2 teeth after D. Brushes may be 
stoned to provide this duration. 

Move X brush holder up or down 
on mounting screws to provide .010 
to .012" clearance between the A 
brush holder and X contact bar. 

Common Brushes 
Remove burrs by drawing across 

fine oil stone before installing. Adjust 
for good tension. 

Summary Punch Emitter 
1. Center emitter with respect to 

shaft on which brush is mounted. 
The radius is approximately 1 
inch. 

2. Using beveled brush, part 
109339, time brushes to make 1 
tooth before line of index and 
break not before 4'/2 to 5 teeth 
after index line. 



4 T Y P E S  5 1 3  a n d  5 1 9  

Anchor Slide Adjustment 
The clearance between the contact 

roll and the brush separators must be 
.012" to .018". Adjust the brush slide 
unit up or down by means of the 
anchor slide adjusting screws in the 
front and rear support castings. 

MOTOR ADJUSTMENTS 

Drive Motor Belt Tension 
Adjust by moving motor pedestal 

up or down for enough tension to 
prevent slippage; excessive tension 
will cause motor bearings to overheat. 
After adjusting, be sure to secure 
motor support binding screw so that 
motor pedestal will not slip due to 
vibration. 

Speed of the machine is varied by 
the adjustable pulley on drive motor. 
To increase speed move flanges to
gether; to decrease, move flanges 
apart. 

Adjust belt tension on generator 
drive motor by adding or removing 
open shims beneath motor mount. 

Motor and Generator 
Mounting Bracket 

This mounting bracket is supported 
by rubber mounts. Check at intervals 
to be sure that rubber is preventing 
support bracket from contacting 
frame and causing vibration and 
noise. 

CAM CONTACTS 

Cam Contacts and Stacker 
Roll Contact 

1. Clean points; stonepitted points; 
check all contacts for loose 
points. 

2. Align points by shifting straps, 
so full area of points makes con
tact. 

3. Bend non-operating strap of 
make contact for " air gap 
and for sufficient tension to as
sure good contact when closed. 

TO TIME DYNAMIC CONTACT 
TIMING DEVICE ON 519 Clutch adjustment 

1. Turn machine index to D. 
2. Turn inner disc so slot in bulb 

shield is at top and mesh the 
drive gear. Tighten holding nut. 

3. Turn outer plastic disc so D lines 
up with slot. 

Anchor Slide Adjusting Screw 

Anchor slide adjustment 

Magnet Coil 
Mounting Plate 

Elongated 
holes 

Latch 
Screw 

Clutch 
Latch 

Clutch Pawl 

.015* 
Stop Screw 

Clutch Pawl 
Arm 



CLUTCH ADJUSTMENTS 

Punch, Read and Mark 
Sensing Clutches 

Set the clutch latch stop screw for 
015" clearance between the latch 
point and the tail of the clutch pawl 
when the latch is against the latch 
Stop screw. Move the magnets it 
necessary. . 

Move the magnet coil mounting 
plate in elongated holes to provide for 
.008" to .010" clearance between the 
armature and cores when the latch is 
against the stop screw. 

Set the clutch latch backstop screw 
for approximately %" overlap of the 
latch over the tail of the pawl when 
latched up. „ , 

There should be .003" clearance 
between keeper and clutch pawl arm 
when pawl is latched. 

PUNCH UNIT ADJUSTMENTS 

Single Revolution Timing 
Cam Bracket 

Move bracket up or down until 
cam holds pawl disengaging roller in 
position to prevent pawl from rnPP'n6 
ratchet when punch clutch is latched 
at D and machine is operated by 
hand. On earlier machines the pawl 
disengaging roller was also adjustable 
up or down to cause the Geneva pawl 
to engage and disengage at 14.1 or 
slightly before. . 

When the punch clutch is latched, 
the single revolution timing cam 
should be timed so that flat side o 
cam is up and in a horizontal position. 

Punch Bail Tongue Adjustment 
Loosen the four holding screws; 

then position the tongue in relation 
to the bail by means of ad
justing screws, so that it is 2„ from 
the front edge of the tongue to the 
back of the punch bail pivot shaft. 
This should not require adjustment 
unless a punch bail or punch bail 
tongue is replaced. 

Punch Bail Connecting Links 
Adjustment 

There must be a perceptible move
ment between the punch bail tongue 
and the interposers when the bail is 
in its uppermost position. This condi-
tion prevents binds and also provides 
for a minimum travel of the punches 
into the die. Adjust as follows; 

1. Remove the front punch bail 
connecting link pin. 

Clutch Latch 
Backstop Screw 

Clutch adjustment 

Single Revolution 
Timing Cam 

Holding Screw 

Geneva 
Pawl 
Ratchet 

Disengaging 
Roller 

Geneva Pawl 

Single revolution 

timing cam and bracket 
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2. Turn the machine until the 
punch bail is in the extreme up
ward position (eccentric up). 

3. Adjust the rear punch bail con
necting link adjusting screw for 
a perceptible movement (.003") 
between the punch bail tongue 
and the interposers. If there is 
any variation in the clearance 
from one end to the other, the 
.003" clearance should apply to 
the closest end. This may be 
checked with a leaf gauge or by 
moving the interposers. 

4. Adjust the front connecting link 
adjusting screw so that the front 
punch bail connecting pin will 
slide freely into position in the 
punch bail and punch bail con
necting links. This assures an 
even adjustment on both links 
and eliminates strain on the 
punch bail. 

After adjusting the connecting link 
adjusting screws, check to see that 
the punches are not driven down 
against the punch at its extreme 
downward limit of travel. Press on 
the top of the interposer with a screw
driver and check for a slight addi
tional downward movement. 

The punch stop bar should be set 
as near the punch as possible but 
should not interfere with the move
ment of the punch. 

Interposer Spring Bail 
The interposer spring bail should be 

positioned so that there is a slight 
clearance between the interposers and 
the punch bail tongue when the 
punches are driven to their extreme 
downward limit by the punch bail. 
Check several on each end. 

Punch Magnet Armatures 
The magnet armatures should be 

adjusted so that the interposers will 
move V8" toward the magnets when 
the armatures are attracted. This 
may be checked with the bail in posi
tion to engage the interposer but may 
be more accurately checked with the 
bail removed. The travel is ob
tained by increasing or decreasing the 
armature-core air gap by bending the 
armature just above the point where 
the pull wire connects. The inter
posers shoud line up when in a normal 
position and should move freely. 

Die Adjustment 
Loosen magnet unit mounting 

screws before installing die assembly, 

Punch bail tongue and 

connecting links adjustment 

Punch magnet armature 
adjustment 

Magnet Unit Adjusting 

Die assembly adjustment 

Check for 
when in extreme 
downward position 

Punch Stop 
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then adjust magnet unit adjusting 
screw to provide slight drag between 

• the die latching bars and side of 
frame, keeping magnet mounting 
screws just snug while making this 
adjustment. 

Install die with angle guide screws 
loose, then press the angle guides 
evenly outward against the frame and 
tighten screws. This adjustment is 
made to guide the die assembly prop
erly and make removal and insertion 
relatively easy without binding. 

Die Lifter — Type 519 

Adjust the setscrew in the rear for 
a .010" clearance between the stop 
screw and the rear frame when the 
die is fully in position. This provides 
a positive stop for the die lifter to 
prevent springing the magnet unit 
support blocks with the leverage ob
tained through the die lifter. 

Vertical Registration 

To change the registration, loosen 
the four magnet unit mounting screws 
and adjust the two magnet unit align
ing screws to position the magnet unit 
assembly toward the right or left for 
proper vertical registration of the 
holes punched in the card. (Move the 
aligning screws evenly and only when 
the magnet unit mounting screws are 
loosened, otherwise the unit may be 
strained and incorrect horizontal 
registration may result.) Be sure the 
aligning screws and mounting screws 
are tight after making this adjust
ment. The vertical registration should 
be set with the magazine half full of 
cards. With a full magazine a slight 
variation may be noted in one direc
tion, and with a nearly empty maga
zine a slight variation in the other 
direction may be noted. 

After repositioning the magnet 
unit for the proper vertical alignment 
as in the above adjustment, recheck 
for the slight clearance between the 
punch bail tongue and interposers 
when the punch bail is at its upward 
limit, because repositioning the mag
net unit will affect that adjustment. 

COMPARING 
UNIT ADJUSTMENTS 

1. Adjust the eccentric screw A so 
that with the bail in normal 
position there will be be
tween the top edge of the bail 
and the end of the pawl. 

.010' 

Die lifter 

Vertical registration adjustment 

Comparing unit adjustment 
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2. Screw C is adjusted to give .050" 
clearance between the pawl and 
the pawl latch when the restor
ing arm is fully operated and the 
solenoid plunger is at its limit of 
travel. 

3. With the bail in the operated 
position (tripped) adjust the ec
centric screw B so there will be 
1/4" between the top edge of the 
bail and the end of the pawl. 

4. With the comparing magnet 
armature in a de-energized posi
tion, the pawl latch should over
lap the pawl by yy "• With the 
comparing magnet armature 
held against the core, there 
should be yy" unlatched clear
ance between the pawl and the 
pawl latch. Bend the armature 
at a point near the pull wire. 

5. With the bail in normal position, 
the transfer contacts should be 
adjusted by bending the support 
straps and the center strap so 
that there is .010" rise of the top 
strap off the support and yy"  

air gap between the center and 
bottom contact points. The 
same adjustments apply when 
the bail is operated and the 
center strap is transferred as 
shown. 

FEED ROLL OPENING DEVICE 

1. Adjust eccentric studs to provide 
for feed rolls opening .020" at 
both ends, and a minimum of 
.015" clearance at the center of 
the rolls when on high dwell of 
opening cams at 1 tooth past 4. 

2. To time roll opening cam, 
loosen cams on shaft and turn 
machine to 4 teeth past 5. Turn 
roll opening cams back against 
cam follower rollers and tighten 
cam set screws. Check that rolls 
do not start to open until 1 
tooth past 3, are fully open at 1 
tooth past 4, and just close at 4 
teeth past 5. 

The card friction finger springs 
should be adjusted for even tension. 

STACKER 

Stacker Plate Adjustments 
Turn the adjusting sleeve on the 

stacker rod in the bottom of the 
stacker tube to provide .006" to .010" 
clearance from the stacker plate to 
the face of the rubber rollers when the 
rubber rollers are in the extreme 
downward position. Tighten lock nut. 

f 
1/32" 

Comparing unit adjustments 

Feed roll opening device 
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To increase the braking action of the 
felt washer use I/4 " end wrench on the 
bottom of the adjusting sleeve to 
keep it from turning and tighten the 
compression nut. 

Stacker Timing 
To time the punch stacker roll: 
1. Remove the blue steel clip from 

the stud of the idler gear. 
2. Disengage the idler gear. 
3. Engage the punch clutch and 

turn the machine to 8.2 on the 
index. 

4. Turn the stacker roll so that the 
high side is down and remesh the 
idler gear. (The read stacker roll 
is timed for the same condition 
at 4 on the index.) This timing 
should result in the card being 
carried completely into the 
stacker. The roller should be 
above the stacker top lining 
when the punch clutch is latched. 

Offset Stacker Adjustments 
The following adjustments apply 

to the offset stacker mechanism in 
both the read and punch feeds. The 
stacker roll in the punch feed is not 
split but is driven by a wide gear. 

1. Time stacker so that the high 
side of the stacker roll is down 
at 4 on the index for the read 
feed, and at 8.2 for the punch 
feed. The high side should be up 
at D for the read feed. 

2. Set cam stacker shaft so that the 
restoring cam is down, and the 
center lines of the holes in the 
cam are in a vertical position at 
6.3 for the read feed and at 13.9 
on the index for the punch feed. 

3. Loosen the two screws in the 
right cam finger and adjust the 
finger so that it strikes the cam 
surface at the same time as the 
left finger to insure an even pull 
on the stacker shaft. 

Offset stacker adjustment 

Stacker plate 

Offset stacker adjustment 
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4. The armature pivot and back
stop are one assembly. Loosen 
holding screws and adjust hori
zontally so that the latch over
laps the armature .020" to .025" 
with the armature against its 
backstop. At the same time ad
just the armature pivot verti
cally so that the cam fingers 
clear the periphery of the cam 
by .020" to .030" when latched 
upon the armature. 

5. Adjust the magnet mounting 
bracket to provide an unlatch
ing clearance of .008" to .010" 
with the armature touching the 
upper core and clearing the 
lower core by .003" to .005". 

6. Turn the machine until the right 
finger is on the high point of the 
restoring cam. At this time ad
just the armature knockoff 
screw to provide .005" to .008" 
clearance between the armature 
and the armature backstop. 
When the left finger is on the 
high point of the restoring cam, 
there should be sufficient clear
ance between the latching arm 
of the right cam finger and the 
armature to allow attraction of 
the armature without pressure 
on the latching surfaces. 

7. With the spline on the stacker 
shaft fully engaged, loosen the 
locking screws in the cam and 
position it laterally so that the 
cam fingers, when tripped, clear 
the low dwell of the cam by ;i:2 "• 

MARK SENSING ADJUSTMENTS 

Mark Sensing Brush Timing 
When studying the limits of the 

mark sensing brush, it must be re
membered that the cards in the punch 
unit move intermittently. All motion 
takes place between 2'/2 teeth before 
a line of index and 1 tooth past a line 
of index, or a total of 3'/2 teeth on the 
index. The cards are stationary for 
6'/2 teeth of each cycle point. There
fore, a mark on a card which makes 
contact with a brush by 1 tooth past 
the line of index will remain in con
tact position until 2'/2 teeth before 
the next line of index. 

1. Set latch ring for .007" to .010" 
clearance of unlatched contact 
pawls to the mark sensing pawl 
stop. This is obtained by moving 
the magnet pawl latch ring in or 
out by means of opposing set of 
screws and locking screws in the 
mark sensing pawl drum assem
bly. Offset stacker adjustments 
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2. Loosen the clamp screw on the 
rear end of the drum mounting 
hub. With all pawls latched, 
turn in the contact drum until 
there is no clearance between 
the pawls and magnet cores; 
then back off the contact drum 
3/10 of a turn. This provides 
.015" clearance between the un
latched pawls and the magnet 
cores. Lock the clamp screw. 

3. With the unit on the machine, 
loosen the locking screws at the 
clutch end of the drum shaft and 
time the drum so that latched 
pawls make contact at 4 teeth 
after the line of index. Tighten 
the locking screws. 

4. Adjust each contact cam for 
.032" plus or minus .002" clear
ance to the outer surface of the 
contact drum. This provides for 
proper relatching clearance. 

5. To time the pawls on unit 2 and 
3, move the drum in elongated 
holes in the drive gears. 

Armature Contact Pawl 

at 

Set 
Screw 

Locking Screw 

Unlatched Contact Pawl 

Ring 

run 

Latched Pawl makes contact 
A teeth nast line of index. 

Mark sensing adjustments 

Contact Cam Unlatched Pawl 

Mark sensing adjustment 
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6. Adjust the position of the mag
net coil mounting plate assembly 
by moving the assembly in the 
screw slot so that the center line 
of the pawls coincides with the 
center line of the magnet cores 
between any numbered index 
point and % tooth past that 
point. Check carefully. 

CIRCUIT BREAKER ADJUSTMENTS 

Circuit Breakers — Type 513 
1. Clean points. 
2. Loosen screws A and align the 

contact points so that the full 
contact area is used. 

3. Loosen the locknut C and ad
just screw B for correct air gap. 
There are 40 threads per inch 
on the contact screw, giving 
.025" movement for each turn. 
Air gap on circuit breakers 
should be .015" to .018". 

4. Form at D so that contact sur
faces meet squarely. 

5. Loosen screws E and turn cam 
to obtain proper timing as 
given on the electrical timing 
chart supplied with each ma
chine. 

Circuit Breakers, Latch Type — 
Type 519 

1. The lower contact strap should 
be formed at point A, so that a 
force of 160 grams plus or minus 
10 grams applied at tip of lower 
strap B will just close the points. 
This must be maintained ac
curately to avoid a bouncing 
condition. 

2. Place shims beneath the plunger 
stop plate as required to obtain 
.040" to .050" travel of the 
plunger before latching up oc
curs. If the contact plunger is 
overlapped by the latch by an 
amount equal to the thickness 
of the latch metal, this should 
provide the .040" to .050" 
travel. 

3. Place shims between the lower 
contact terminal block and the 
contact strap to provide .015" 
to .018" air gap between the 
contact point. 

4. Check to be sure that the 
plunger does not bind. The de
sign of the split bushing is such 
that the coil spring spreads the 
bushing to create a drag be
tween the bushing and frame 

Circuit breaker assembly 

Circuit breaker adjustment 

Coil Mounting Plate Assembly 

Screw 

Slot 

Mark sensing adjustment 
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which increases the pressure re
quired to close the contact from 
160 grams (pressure required to 
compress the spring) to 225 
grams (approximately 8 oz.). 
This friction is used to dampen 
the rebound when the contact 
closes. Check to be sure that a 
maximum of 240 grams applied 
to the plunger should close the 
contact. 

5. Locate the cam contact unit on 
the mounting bar at its extreme 
limit of travel away from the 
cam, and with the plunger on 
the highest point of the cam 
lobe, advance the adjusting 
screw until the plunger latches; 
then advance the screw one-
half turn additional to obtain 
.010" to .015" movement of the 
plunger beyond the latch point. 
This will provide clearance be
tween the low dwell of the cam 
and the plunger. On the non-
latch type there should be a 
.003" minimum clearance be
tween the low dwell of the cam 
and the contact plunger when 
the plunger is against its stop. 

To adjust the make time of the 
contact, loosen the screws holding 
the cam to the shaft until the cam is 
just snug on the shaft. Turn the ma
chine to the index point correspond
ing with the make time of the cam. 
Move the cam on the shaft in the 
direction of rotation until the contact 
just closes. The machine may now be 
turned to a point where the cam 
holding screws can be tightened. An 
accurate adjustment may be obtained 
by inserting a screwdriver in the 
slots provided on the periphery of the 
cam for moving it on the shaft. 

6. To adjust the break time of the 
contact, loosen the contact un
latching cam screws. Turn the 
machine to the proper index 
point and move the unlatching 
cam in its slot until the contact 
opens. Tighten the holding 
screws. There are six possible 
positions for holding screws, only 
two of which will be used at any 
one time. 

7. 600 grams plus or minus 20 
grams (approximately 21 oz.) 
pressure on the contact plunger 
should be required to compress 
the plunger spring to the latch
ing point. These values have 
been tested and found to pro
vide a good operating condition. 

Place shims here 

.040" .050" Latch 

clearance 

Circuit breaker adjustments 
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Circuit Breakers Non-Latch Type 
Type 519 

Normally Open Circuit Breaker 
Adjustments 

1. The lower strap should be formed 
at point A to provide proper ten
sion. At the factory these straps 
are adjusted so that a force of 
160 plus or minus 10 grams (ap
proximately 6 oz.) applied at the 
tip of the lower strap will just 
close the points. This tension 
must be maintained accurately 
to prevent a bouncing condition. 

2. The upper contact support 
should be formed at point B to 
provide .015"-.018" clearance 
between the upper contact and 
the lower contact when in its 
normal position resting on the 
plunger. Before bending the 
upper contact, the operating but
ton is installed which gives the 
closest starting clearance.White 
button 205740 standard; red 
186862 .005" shorter. 

3. Check to be sure that the 
plunger does not bind. The de
sign of the split bushing is such 
that the coil spring spreads the 
bushing to create a drag be
tween the bushing and frame 
which increases the pressure re
quired to close the contact from 
160 grams (pressure required to 
close the contact) to 225 grams 
(approximately 8 oz.). This fric
tion is used to dampen the re
bound when the contact closes. 
Check to be sure that a maxi
mum of 240 grams applied to the 
plunger closes the contact. 

4. Locate the cam contact unit on 
the mounting bar at its extreme 
limit of travel away from the 
cam, and with the plunger on 
the highest point of the cam 
lobe, advance the adjusting 
screw Yi turn to obtain .010"-
.015" additional movement to 
the plunger. 

5. To adjust the make time of the 
contact, loosen the screws hold
ing the cam to the shaft until 
the cam is just snug on the shaft. 
Turn the machine to the index 
point corresponding with the 
make time of the cam. Move the 
cam on the shaft in the direction 
of rotation until the contact just 
closes. The machine may now be 
turned to a point where the cam 
holding screws can be tightened. Circuit breaker adjustments 
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The circuit breaker cam clamp 
is provided with notches and ac
curate adjustment of the cam 
may be obtained by tapping 
lightly against the notch with a 
screwdriver. 

When the cam time duration is of 
a number of degrees not supplied by 
a standard cam, an additional adjust
ment must be made. It will be neces
sary to raise or lower the contact 
assembly until the desired condition 
is satisfied. Check the duration with 
a dynamic timer after adjustment is 
changed. 

Normally Closed Circuit Breaker 

6. The lower contact support should 
be formed at the point A to pro
vide .013" clearance between 
the upper contact strap when 
in its normal position and the 
operating plunger. 

7. 300 plus or minus 25 grams 
(approximately 10.6 oz.) pres
sure on the contact plunger 
should be required to open the 
contact points. 

8. Locate the cam contact unit on 
the mounting bar at its extreme 
limit of travel away from the 
cam. With the plunger on the 
highest point of the cam lobe, 
advance the adjusting screw 
until the air gap at the contact 
points is a minimum of .020" 
when the plunger is raised to its 
limit of travel. 

Cams 

The side of all cams are stamped 
with the number of degrees of dura
tion of their high point. 

300 ± 25 Grams Pressure 
to open Contact 

Circuit breaker adjustments 

Part No. O 

217006 6' 
217008 8' 
217010 10' 
217012 12' 
217015 15' 
217018 18' 
217020 20' 
217022 22' 
217025 25' 

Part No. O 

217030 30' 
217035 35' 
217040 40' 
217045 45' 
217050 50' 
217055 55' 
217060 60' 
217065 65' 

Part No. 0 

217070 70° 
217075 75° 
217080 80° 
217085 85° 
217090 90° 
217095 95° 
217100 100° 
217105 105° 

Part No O 

217110 110° 
217112 112° 
217115 115° 
217120 120" 
217125 125° 
217130 130° 
217135 135" 
217140 140" 

Part No. ° 
217145 145° 
217150 150° 
217155 155° 
217160 160° 
217165 165° 
217170 170° 
217175 175° 
217180 180° 
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PRINT UNIT ADJUSTMENTS 
TYPE 519 

THE FOLLOWING conditions are 
established at the factory, and no 
adjustment is provided: 

1. With the stop pawl restoring 
bail in normal position, the stop 
pawl should overlap the type 
tooth by .040" with the stop 
pawl unlatched and resting on 
the bail. 

2. With the stop pawl latched on 
the armature and the zero pawl 
resting on the bail with the bail 
positioned by the low dwell of 
the cam, there should be .009" 
between the zero pawl and the 
stop pawl, as shown. 

3. With the stop pawl unlatched 
and the zero pawl held by the 
bail on the normal dwell of the 
cam, there should be .012" 
clearance between the stop 
pawl and the zero pawl, as 
shown. 

4. With the stop pawls tripped and 
resting on the zero pawl, there 
should be .012" clearance be
tween the tip of the stop pawl 
and the end of the type wheel 
tooth. Adjustments should be 
made as follows: 

1. The eccentric screws A are ad
justed to meet two conditions: 
a. To secure .015" between the 

end of the stop pawl and 
armature with the armature 
attracted. 

b. With the magnet de-energized 
and the stop pawl latched on 
the armature, there should be 
.024" air gap at the point 
farther from the pivot and 
.010" air gap at the point 
nearer the pivot of the arma
ture. The eccentrics on both 
sides of the unit should be set 
for the same conditions. 

2. Adjust the eccentric screws B 
to provide .020" clearance be
tween the tip of the stop pawl 
and the teeth of the type wheel. 

3. Loosen the locking screw and 
adjust the restoring bail to ob
tain .003 " clearance between the 
armature latch surface and the 
latch point of the stop pawl with 
the latch restoring bail at its 
extreme limit of travel. 

Print stop pawl—operating 
position 

Print stop pawl—armature 
attracted 

stop pawl 

Selection mechanism—zero time 
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Selection mechanism.—zero time 

Selection mechanism—restored position 
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PLATEN OPERATING 
MECHANISM ADJUSTMENTS 

TYPE 519 
1. Bend the armature at a point 

near the pull wire so that the 
interposer just touches the stop 
rod with the armature attracted 
to the core. 

2. Adjust the turnbuckle so that 
when the armatures are at
tracted and the bail is at its 
lower extreme limit of travel, 
the platen just touches the type 
wheels at 4'/2 teeth after 11. 
This adjustment should be 
slightly less for units using only 
four type wheels. The adjust
ment may be varied to obtain 
the proper degree of impression. 
The platen should meet the face 
of the type squarely. It may be 
necessary to sand or shim the 
platen block for this condition. 

3. At V/i teeth before 4 on the 
index, there should be approxi
mately 3*2" clearance between 
the bail and the stop rod when 
the bail is at its upward limit of 
travel. When the bail is at the 
lower limit of travel there should 
also be a clearance between 
the bail and the head of the 
rivet on the interposer. Adjust 
the interposer knockoff bail up 
or down by means of the elon
gated holes in the mounting to 
obtain this clearance. 

AUTOMATIC BIJUR-TYPE 519 
Before starting new machine, 

fill lubricator with IBM 9. 
Place pin punch through cross hole 

in instant feed rod and operate pump 
manually. Check that oil has reached 
all bearings before machine is put 
into service. 

To increase volume of flow, remove 
locking screw from instant feed rod 
and turn stroke adjustment screw; 
clockwise increases, counterclockwise 
decreases volume. Measure stroke 
from top of instant feed rod to top of 
stroke adjusting screw. On Type 519 
this distance is VV-

If conditions indicate all bearings 
receiving insufficient supply of oil, 
check for following: 

1. Low oil level, broken, cracked or 
flattened oil tubes, loose con
nections, or dirty filter disc. 
Check filter disc by disconnect
ing main discharge line and 
operating pump manually. If a 

C U S T O M E R  E N G I N E E R I N G  

Platen operating mechanism 

Printing platen adjustment 

replacement filter disc is not 
available, the part may be 
cleaned with carbon tetrachlor
ide. 

If only one bearing is being insuffi
ciently supplied with oil: 

1. Inspect tail tube to determine 
t h a t  t h e  n u t  i s  p r o p e r l y  
tightened, that no leakage is 
present, that end of tube is in 
bearing, and that tube is not 
flattened or broken. 

2. Remove tail tube from bearing 
and operate pump manually. A 
drop of oil should appear at the 
end of tube. Keep opening the 
line and checking for oil flow at 
each point working back to 
junction bar. If meter unit is 
cause of oil stoppage, replace it. 
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Meter units cannot be tested by 
blowing through them. Direc
tion of flow indicated by arrow; 
flow rate indicated by numbers. 

VACUUM SEPARATOR UNIT-
TYPE 519 

To check quickly for leaks in sys
tem between base and outlet from 
vacuum separator, remove each hose 
and cover inlet in base with cards, 
empty chip receptacle of all but a 
few chips, and turn on main line 
switch. If there is any disturbance in 
receptacle, it indicates a leak in the 
system either at the intake into 
separator or at the gasket for the 
chip receptacle; either or both may 
be replaced. Butterfly valve in top of 
separator should be fully closed (in 
a horizontal position) when the chip 
receptacle bail is against the stop 
screw. A mark on the end of the 
shaft indicates the direction of the 
plane of the butterfly. The bail arm 
is clamped to the valve shaft by a 
screw through a split collar. To 
change position of butterfly, loosen 
screw and turn shaft to proper posi
tion. When bail is in normal position, 
butterfly valve should be open (mark 
on shaft vertical). 

Vacuum Unit Microswitch 
Adjust thumb screw on diaphragm 

to open contact at 3^/4" vacuum 
(measured with respect to water) and 
to close at 3I/4". Check: With one 
tube off either set of brushes, the 
machine should not run; with all 
hoses properly positioned, sufficient 
vacuum should be produced to just 
close the switch and permit the ma
chine to run. 

Separator Microswitch 
Set spring to allow microswitch to 

close when chip receptacle is 3/i full. 
Adjust stop nuts to provide .010" 
overthrow of switch in OFF and ON 
positions. 

R E M O V A L  A N D  
R E P L A C E M E N T  

P R O C E D U R E  
To Remove a Die and Stripper 

1. Remove the magnet unit from 
the machine. 

2. Remove the punch interposer 
knockoff bar. 

3. Remove the punch bail assem
bly. Replace the pivot bar and 
tighten screws to prevent spread
ing side frames. 

4. Remove extreme left pull wire 
guide comb. 

5. Unhook all magnet pull wires 
from the interposers. This may 
be done by moving the inter
posers toward the magnets and 
spreading the interposers slightly 
with a small screwdriver. 

6. Remove the four screws which 
hold the punch and stripper as
sembly to the magnet unit side 
frames. 

7. Remove the punch and strip
per assembly. 

To Install a New Die and 
Stripper Assembly 

1. Place the stripper assembly in 
position on magnet unit for as
sembling of magnet pull wires, 
but do not screw to unit. This 
permits more flexibility of the 
unit and the stripper when as
sembling pull wires. 

2. Assemble pull wires to pawls. 
It is necessary only to move the 
pawls forward to assemble the 
pull wires. Check wire for proper 
fit to pawl stud. 

3. Screw stripper assembly to mag
net unit. 

4. Replace guide comb. 
5. Check all interposers and pull 

wires for binds. 
6. Assemble bail and tongue, and 

check for .015" to .020" move
ment of top of interposer when 
engaged in its extreme lower 
position. 

7. Assemble unit to machine and 
make all necessary adjustments. 

To Remove Feed Roll 
The first upper feed roll in the punch 

unit will be considered, for it requires 
the most disassembly and care. 

1. Remove the magnet unit. 
2. Remove punch X brush mount

ing bar. 
3. Remove drive housing and 

Geneva mechanism. 
4. Pull the picket knife cam shaft 

from the side frame. 
5. Drive the taper pin from the 

feed roll rear drive gear and re
move the gear from the shaft. 

6. Remove the oil pump—2 screws 
hold it. 

7. Remove screws from bearing 
plate. 
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8. Remove dowel screws from 
punch feed back plate which 
supports the punch X brushes 
and center bearing for the feed 
roll. There are two screws in 
front and two in back. 

9. Remove front gear cover. 
10. Relieve the pressure from the 

lower feed roll. 
^ ^ • Drive pin from the front drive 

gear of the feed roll. 
12. Tap the front end of the upper 

feed roll shaft to loosen the 
bearing plate. Use a hammer 
and brass rod. When the bearing 
plate is loose, it may be turned 
to clear the latch cam roller 
arm, and the shaft may be re
moved from the machine. Take 
care in passing the feed roll 
through the hole in the casting 
to prevent chipping the linen 
dilecto. 

The first lower feed roll in the 
punch feed is heavier than the others. 
This is to minimize bowing of the 
shaft when the feed roll opening de
vice operates. The feed roll pressure 
shoes for this roll are cut with a 
greater radius because the diameter 
of the feed roll shaft is greater than 
that of the other feed rolls in the 
machine. 

The feed roll pressure springs in the 
first and second feed roll pressure 
shoes are heavier than on the other 
feed rolls of the machine. Take care 
that these pressure shoes and springs 
are not interchanged if more than one 
feed roll is removed. 

To replace the feed roll, reverse the 
above procedure. 
13. The second and third upper feed 

rolls may be removed, after re
moving the drive gear pin, with
out removing the drive housing. 
If the front bearings are loosened 
so that the feed roll shaft may 
be driven forward far enough, 
the rear drive gear can be re
moved from the shaft. 

To Replace the Geneva Mechanism 
In order that the Geneva clutch 

pawl may clear the two upper feed 
roll drive gears, it is necessary to turn 
the gears so that the factory-scribed 
(narks do not line up. However, if the 
following reference marks are made, 
these may be lined up to assure that 
the Geneva mechanism is properly 
timed when it is replaced in the 
machine: 

1. On the eccentric shaft gear (41 
teeth) pencil mark the 7th tooth 

space in a counter-clockwise 
direction from the tooth space 
already marked. (A red pencil 
is recommended.) 

2. Mark the 7th tooth in a clock
wise direction from the present 
marked tooth of the eccentric 
drive gear (41 teeth). Also, 
mark the 7th tooth space in a 
clockwise direction from the 
present marked tooth space of 
Geneva disc drive gear (44 
teeth). Both of these gears are 
pinned to the drive pulley shaft. 

3. Mark the 7th tooth in a counter
clockwise direction from the 
present marked tooth of the 
punch clutch idler gear (110 
teeth). 

4. Turn the feed roll shafts until 
the flat side of the single revolu
tion timing cam is on the right 
in a vertical position. 

5. Turn the eccentric shaft and the 
punch clutch idler shaft until 
the new marks point toward the 
drive pulley shaft center. 

6. Turn the key slot in the oil 
pump so that it lines up with 
the key tongue on the hub of the 
punch clutch idler gear. 

7. Be sure the Geneva pawl is en
gaged in its ratchet. 

8. Place the roller in the slot of the 
Geneva drive gear that lines up 
with the one-tooth ratchet (the 

o \ir£ i°1 left of the Pawl P'vot). 
9. Work the three gears forward 

into position while matching the 
pencil marks, and position the 
three shafts into their respective 
bearings in the side frame. The 
punch clutch idler gear shaft, 
being the longest, should enter 
the hole in the rotor of the pump 

st. Next, the Geneva disc 
Shaft should enter its bearing, 
and then the pulley shaft bear
ing should enter its housing. 
After the punch clutch idler 
gear shaft is in the rotor of the 
pump, the shaft should be raised 
vertically about l/4" so that it 
will line up with the bearing in 
the side frame. If the Geneva 
disc shaft seems to bind just 
uer, 11 enters the bearing, 

check to see that it meshes 
properly with the two upper 
feed roll drive gears. It may be 
necessary to turn either one or 
both of these gears a part of a 
tooth to mesh with the gear on 
the shaft of the Geneva disc. 
Note: These shafts must not be 
forced in place. If any of the 

') 
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Eccentric Shaft 

Timing the geneva mechanism 

mechanism does not properly 
seat, check to see that all gears 
are properly meshed, that all 
shafts are aligned with their 
bearings and that the key is 
aligned with the oil pump rotor. 

10. Insert the crank stud and turn 
the machine over until the fac
tory marks (scribed lines) line 
up. At this time the Geneva 
drive gear roller should be half 
way out of its slot and the tail 
of the pawl should strike the 
pawl disengaging roller. 

11. Replace the drive housing. 
12. If the drive pulley oil seal is re

moved, the outer discs should be 
replaced with the concave sur
face facing out. 

P U R P O S E S  O F  C A M S  
A N D  C O N T A C T S  

T Y P E  5 1 3  
RIAL operates with R4AL to control 

circuits to clutches to keep the 
feeds in step in the event of feed 
failure in either unit; that unit in 
which the failure occurred will 
operate. 

R1AU is a die interlock contact which 
allows continuous operation only if 
a card is under the die C.L. 

R1BL completes circuit to punch X 
common and R2 when cards are 
feeding; when cards are not feeding, 
it opens to prevent circuits to X 
control relays. 

R1BU completes circuit to RIO for 
first cycle when summary punch
ing, reproducing, and comparing to 
permit feeding without restoring 
comparing unit. This permits cards 
to be run out of summary punch, 
replaced in proper order and run 
in again without restoring compar
ing unit. 

R2AL provides circuit to O and X 
hubs when card is in punching 
position on the second and each 
succeeding punching cycle. 

R2AU holds R2H coil through die 
card lever after R2 is energized at 
end of first punch feed cycle. 

R2BL N/C (summary punching) 
causes punch to take two feed 
cycles when cards are first placed 
in machine and start key closed. 

R2BU prevents accounting machine 
auto start when summary punch
ing unless a card is at the die sta
tion. 

R3AL N/C operates with R7AL N/C 
to shunt out punch card lever con
tacts and permit operation of read 
feed only. R3AL N/O, with other 
card lever contacts, holds RIO, 
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opening the circuit when last card 
leaves punch magazine. It also 
enters into the accounting machine 
auto start circuit when summary 
punching. 

R3AU with R4BL and R6AL N/C 
shunts out read unit card levers 
and permits operation of punch 
unit alone. 

R3BL with R6BL makes it necessary 
to have cards in both feeds in order 
to start machine when reproducing. 

R3BU prevents accounting machine 
auto start when summary punch
ing unless there is a card in the 
punch magazine. 

R4AL—refer to RIAL. 
R4AU completes circuit to read 

clutch for first feed cycles when 
starting a run when reproducing 
and gang punching with inter
spersed master cards in punch feed 
and using an X detail setup. 

R4BL N/C, with R3AU and R6AL 
N/C, shunts out read card lever 
contacts to hold RIO when punch 
unit only is operated. R4BL N/o 
enters RIO hold circuit when cards 
are in read feed. 

R4BU completes circuit to R-X com
mon when cards are feeding. When 
cards are not feeding, it opens to 
prevent completion of circuits to 
X control relays. 

R5B with other card lever contacts, 
provides an automatic start circuit 
to the accounting machine when 
summary punching. It prevents an 
accounting machine auto start un
less there is a card under read card 
lever No. 1 when performing a 
combination reproducing and sum
mary punching operation. 

R6AL N/c, with 3AU and 4BL N/c, 
shunts out reading card lever con
tacts to hold RIO when punch unit 
only operates. R6AL N/o, with 
4BL N/o, opens circuit to RIO 
when last card leaves read maga
zine. It operates with other card 
lever contacts to provide an auto 
start impulse to the accounting 
machine when summary punching. 

R6AU, when reproducing and com
paring, permits machine to be 
cleared of cards after an error with
out restoring the comparing unit if 
cards are removed from both maga
zines. 

R6BL operates with 3BL so that 
when reproducing it is necessary to 
have cards in or out of both feeds 
in order to start the machine. 

R6BU prevents an accounting ma
chine auto start when summary 

punching and reproducing unless 
there is a card in the read magazine. 

R7AL N/C with R3AL shunts punch 
card lever contacts to permit oper
ation of read feed only. R7AL N/o, 
with other card lever contacts, 
opens holding circuit for RIO in 
event of feed failure at die station. 

R7AU prevents auto start of account
ing machine if jam occurs at 
punching station. 

R7BL eliminates back circuits on 
second card feed cycle when per
forming a reproducing and inter
spersed master card gang punching 
operation in conjunction with com
paring and increasing the card field 
by wiring from the O and X hubs. 
Control panel wiring for this opera
tion has the effect of shorting 
around R7BU points so that when 
the punch magnet common is 
broken by master card X impulse, 
a back circuit would be completed 
through the comparing unit mag
nets and common, to the fuse if 
R7BL N/O were not in the line. 

R7BU completes circuit to punch 
brush contact roll when cards are 
at brush station; when open, it 
prevents energization of magnets 
connected to punch brushes. 

R8AL provides hold circuit for R8 
long enough so R8B may prevent a 
second start impulse from reaching 
RIO when summary punching. 

R8BL opens punch auto start from 
accounting machine to eliminate 
the possibility of more than one 
punching cycle for each summary 
punch operation. 

R9AL holds R9 after RIO drops. 
R9AU holds R9 during time RIO is 

energized and C3 is open. 
R9BL picks R8 after RIO is energized 

to assure only one cycle of opera
tion for each summary punch 
operation. 

R9BU operates in conjunction with 
R10BL to control circuits to punch 
and read clutches. The pick time 
of R9 under the control of R13B is 
such as to prevent the clutch mag
nets from receiving a short impulse 
when restarting in case the ma
chine had stopped during the time 
Cl or C2 had already closed. 

R10AL picks HDl and R9. 
R10AU has two separate points to 

prevent a back circuit which would 
permit starting machine with com
paring contact open. 

R10BL, with R9BU, opens circuit to 
clutches (at time Cl and C2 are 
open) when machine stops for any 
reason. 
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R10BU prevents pick of R25 until 
end of cycle to prevent opening 
R25BL until after the card has 
been punched. 

Rll and 12 points function as column 
splits. 

R13A maintains RIO hold to permit 
machine to complete its cycle in 
case either stacker switch opens. 

R13B prevents R9 from picking be
tween 9.6 and 13.9 so clutch mag
nets may not receive short impulse 
when restarting in case machine 
had stopped when CI or C2 had 
closed. 

R14AL N/O provides pick circuit for 
R15 when switch is set to master 
X and PX hub has been impulsed 
by hole in card under PX brushes 
for purpose of preventing punching 
or comparing master cards. The 
N/C side provides the same opera
tion when switch is set to detail X, 
and no impulse is received at PX 
hub. 

R14AU holds R14. 
R14BL controls read clutch on X or 

no X cards, depending upon the 
setting of the master X, detail X 
switch. 

R15AL on machines with punch mag
net relays, prevents their pick 
when R15 is impulsed; on machines 
without punch magnet relays, it 
opens the punch magnet circuit 
directly. 

R15AU holds R15. 
R15BL opens summary punch end 

circuit to allow another punch 
cycle when master card passes die. 

R15BU permits an extra cycle on 
summary punching to get master 
card past die. 

R16A holds R16. 
R16B completes circuit to P D Out 

hub. 
R17A holds R17. 
R17B completes circuit to R D Out 

hub. 
R18A holds R18. 
R18B N/C, with reproduce switch 1 

OFF and switch set to master X, 
opens common to comparing mag
net when X card is sensed; the N/O 
point, when switch is set to detail 
X, closes the circuit to comparing 
magnets when an X card is sensed. 

R19A holds R19. 
R19B opens circuit to comparing 

magnets when master card is pass
ing comparing brushes. 

R21AL and AU operate in pick cir
cuit through T hub for selectors 1 
and 2, respectively, so this circuit 
can be completed only on a control 
change in the accounting machine. 

R21BL opens clutch circuits until 
after counters have been tested for 
negative balance on balance selec
tion machines. 

R21BU N/C permits the 9 impulse 
from the summary punch emitter 
to be transmitted to counter mould
ings for summary punching. The 
N/O point transmits a circuit to 
the 9 mouldings for balance control 
sensing on a control change to pick 
the selector relays if so wired. 

R22AU shunts R6AU and comparing 
contact left to permit running 
cards in after checking a comparing 
error on a combination summary 
punching and reproducing opera
tion before the comparing unit is 
restored to prevent getting an auto 
start circuit to the accounting ma
chine on the run in cycles. 

R23AL permits energization of cycle 
interlock R8 when summary punch
ing to assure punching only one 
summary card for each control 
change. 

R23AU permits the summary punch 
emitter to send impulses through 
the counters of the accounting ma
chine only on summary punching 
operations. 

R23BL permits summary punch 
start circuit to be completed only 
after R60 in the accounting ma
chine is energized. 

R24B has the effect of an R cam in 
the circuit. It functions to prevent 
the machine from continuing in 
operation under the following con
ditions: When a jam occurs in the 
read feed, R4 and R6 drop back to 
normal. The operator remakes the 
card or straightens it, replaces it 
in the read magazine, and depresses 
the start key to pick RIO. The read 
feed only will feed. If it should 
happen that this first card again 
jams at the throat, RIO would con
tinue to hold through P6 because 
the punch feed does not operate on 
this cycle. However, R24B in the 
RIO hold circuit opens and stops 
the feed. 

R25AL holds R25 when RIO is ener
gized to permit feeding cards with
out restoring the comparing unit. 

R25AU permits cards to be run from 
machine when comparing unit is 
tripped, thus eliminating the neces
sity for relatching the comparing 
unit and thereby maintaining the 
error indication until after feed is 
cleared so that it may be checked 
against the cards. It also permits 
clearing the feed without punching 
additional errors. 
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R25BL • eliminates punching while 
error cards are cleared from the 
machine provided the comparing 
unit is not restored. 

R25BU opens start circuit on com
bination reproducing, comparing 
and summary punching operation, 
when a comparing error is sensed. 
R25BU works with R1BU to per
mit proper handling of cards on a 
summary punch comparing error. 
It forces the operator to remove 
cards from both feed hoppers be
fore running out cards. Then the 
die CL opens R1BU N/C and per
mits feed-in before comparing unit 
is restored. 

R28B same as R25BL, added to re
duce arcing. 

R33 and R34BU and BL are so ar
ranged that either will be effective 
to transfer the class selector C hub 
in the two left hand positions from 
NX to X depending upon whether 
the R or P hub of the selector is 
impulsed. 

R33AL and R34AL provide a pick 
and hold for class selector 1, relays 
35, 36 and 37. 

R33AU and R34AU hold R33 
through P2 and R2, respectively, 
for the card reading portion of the 
cycle. 

R35 through R41 points are class 
selector transfer points. 

R37AL and R42AL points provide + 
and — punching control for indi
cating positive and negative totals 
when balance selecting or net bal
ancing. 

Points of Relays 43-56 eliminate back 
circuits at punching time on sum
mary punching machines. 

MARK SENSING RELAYS 
R88B N/C point provides a pick cir

cuit to number 1 delay unit magnet. 
The N/O point picks R89 for MX 
operation. 

R89AL holds R89. 
R89AU provides an impulse to the 

MX EXIT hub 1 to punch an X 
hole for a marked 12. 

R89B provides a circuit to the MX 
OUTLET hub and with P3 pro
vides an impulse for operation of 
relays normally controlled by a 
punched X. 

R90A holds R90. 
R90B permits energization of R89 

in parallel with Rll, 12 and 13 in 
the standard circuits to provide a 
hold circuit for R89 through X 
time on the index. 

Relays 91-107 points transfer the 
circuits from those used on com

paring or summary punching to 
those used for the mark sensing 
application. 

OFFSET STACKER RELAYS 
SR1AL holds SRI. 
SR1B picks SR2 to delay the circuit 

to the stacker magnet. 
SR2A holds SR2 through P2 until the 

end of the cycle in which the card 
is stacked. 

SR2B picks the offset stacker magnet 
when the stacker roll contact 
makes. 

DOUBLE PUNCH AND BLANK 
COLUMN DETECTION RELAYS 

R87AL holds R87 and the double 
punch error light until the double 
punch reset switch is depressed. 

R87B N/C drops RIO when double 
punch or blank column occurs. 

R109A points provide a pick circuit 
for R110 in the first position and a 
hold circuit for R109 in the same 
position. The A points of relays 65-
77 and 109-149 serve the same 
function for other positions. 

R109B permits an impulse to R87P2 
and the error lamp if relay 109 has 
not been previously energized. This 
indicates a blank column. 

R110A N/c provides a pick circuit 
for R109 in the first position. This 
circuit is completed by the first 
impulse read into this position. It 
opens to prevent a second impulse 
read into this position from de-
energizing R110. The A points of 
relays 110-150 and 66-78 serve the 
same function for other positions. 

The N/O points of R110 provide a 
circuit to pick R87P1 if a second 
impulse reaches the entry hub. The 
N/O points of the other relays men
tioned previously serve the same 
purpose for other positions. 

R110B N/c same as R110A N/c. 
R19AL N/c permits a shunt circuit 

around the master card punching 
switch right in the OFF position. 
R19AL opens to prevent blank 
column check for master cards. The 
N/O point permits a blank column 
check for X detail cards. 

C-CAMS 
1. Controls the punch clutch timing 

and eliminates arcing of the re
lay points in the circuit by 
making the circuit after the re
lay points are closed and break
ing the circuit before the relay 
points are opened. 
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2. Controls read clutch timing and 
eliminates arcing of relay points 
in that circuit. 

3. Controls the drop out time of 
motor hold relay 9. It should be 
timed to cause the machine to 
coast to a point between 6 and 9. 

4. Controls the pick and drop out 
time of column split relays and 
K13. 

5. Provides proper timing hold for 
delay circuit relays. 

6. Controls impulses to the read 
and punch delay OUT hubs and 
to delay circuits for other de
vices. 

7. Controls impulse to O and X 
emits impulse to the 

P hub 1 to punch an 
A hole. 

8. C8 in conjunction with the 
stacker roll contact assures that 
the movement of the card is 
synchronized with the punch 
emitter. If the Geneva pawl 
tailed to engage on the first 
cycle, the card and the punch 
emitter would be out of step. If 
the two are in step, the account
ing machine auto start will be 
completed. 

9. Provides a circuit to energize 
the zone control transfer relays 

ing p etlc summary punch-

2. Controls the holding circuit to 
the relays which must be held 
throughout the reading portion 
of the cycle under the control of 
read feed. 

3. Completes circuit to the read X 
brushes at X time only. 

4' for RX master delay 

P-CAMS 
1. Controls the circuit to the cir

cuit breakers so that the reading 
brush and emitter circuits are 
completed only when the punch 
unlt operates. It also controls 

relays PUnCh magnet 

2. Controls the holding circuit for 
relays which must be held dur
ing the punching period and X 
™tr°! r,eIa7, ^ double punch 
and blank column detection. 

3. Completes a circuit to the punch 
,,1® at x tlme only and to 
the MX outlet for mark sensing. 
Ri6 es a pickup for Px del£»y 

6. Provides a hold circuit for RIO 
It opens once during each cycle 
to test the condition of the card 
lever relays to determine if the 
machine should stop. 

R-CAMS 
1. Controls the circuit to the repro

ducing brushes to complete cir
cuits to them only when the read 
reed operates. 

STANDARD MACHINE RELAYS 

i?o^T°Perates in c°njunction with 
K4AL to control circuits to clutches 
to keep feeds in step in event of a 
feed failure in either unit; that unit 
m which the failure occurred • will 
operate. 

R1AU, when closed, holds R19 in 
conjunction with other card lever 
contacts to continue machine oper
ation. When open, it breaks cir
cuit to R19 hold coil to stop ma
chine in case it fails to feed a card 
from punch magazine. 

RIu*L ,completes circuit to punch X 
brush common and relay 2 when 
cards are feeding. When cards are 
not feeding, it is open to prevent 
circuits to X control relays. 

RTBt/ completes circuit to R19 for 
first cycle when summary punching, 
reproducing and comparing to per
mit feeding without restoring com
paring unit. In this manner the 
cards may be run out of the sum
mary punch, replaced in proper 
order and run in again without re
storing the comparing unit. 

R p r o v i d e s  c i r c u i t  t o  O  a n d  X  
hubs when a card is in punching 
position on the second and each 
succeeding punching cycle. 

R2AU holds R2 through the die card 
lever after R2 has been energized 
at end of first punch feed cycle. 

R2BL N/c causes machine to take 2 
feed cycles when cards are first 
placed in machine and start key is 
depressed, when summary punch
ing R2BL N/O, in conjunction 
with other card lever contacts, 
a lows auto start circuit to be com
pleted from accounting machine. 

R2BU prevents accounting machine 
automatic start when summary 
punching unless a card is at die 
station. 

R3AL N/C operates in conjunction 
with R8AL N/c to shunt punch 
card lever contacts to permit oper
ation of the read feed only. R3AL 
N/O, in conjunction with other 
card lever contacts, completes a 

I 
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holding circuit for R19. It opens 
the R19 hold circuit when last card 
leaves punch magazine. It also 
operates in conjunction with other 
card lever contacts to complete 
accounting machine auto start cir
cuit when summary punching. 

R3AU operates in conjunction with 
R4BL and R6AL N/C to shunt 
read unit card levers to permit 
operation of the punch unit alone. 

R3BL operates in conjunction with 
R6BL so that when reproducing, 
it is necessary to have cards in or 
out of both feeds in order to start 
the machine. 

R3BU prevents an accounting ma
chine auto start when summary 
punching unless there is a card in 
punch magazine. 

R4AL—refer to RIAL. 
R4AU, when reproducing and gang 

punching with interspersed master 
cards in the punch feed and using 
an X detail setup, this point com
pletes circuit to read clutch for 
first feed cycle when starting a run. 

R4BL N/c operates in conjunction 
with R3AU and R6AL N/C to 
shunt read card lever contacts to 
complete holding circuit to R19 
when the punch unit only is being 
operated. R4BL N/O operates in 
conjunction with R6AL N/O to 
open circuit to R19 in case it fails 
to feed a card from read magazine. 

R4BU completes a circuit to the RX 
common when cards are feeding. 
When cards are not feeding, it is 
open to prevent circuits to X con
trol relays. 

R5A operates in conjunction with 
R7A to prevent a circuit to read 
clutch to prevent operation of read 
feed when read unit is not being 
used. It provides a circuit to read 
clutch for first cycle after cards run 
out of the read feed magazine. 

R5B operates in conjunction with 
other card lever contacts to provide 
an auto start circuit to accounting 
machine when summary punching. 
Prevents an accounting machine 
auto start unless there is a card 
under read card lever 1 when per
forming a combination reproduc
ing and summary punching opera
tion. 

R6AL N/C operates in conjunction 
with R3AU and R4BL N/C to 
shunt reading card lever contacts 
to complete R19 hold circuit when 
the punch unit only is being oper
ated. R6AL N/O operates in con
junction with R4BL N/O to open 
the circuit to R19 when last card 

leaves read magazine. Operates in 
conjunction with other card lever 
contacts to provide start circuit to 
accounting machine when summary 
punching. 

R6AU. This point, when reproducing 
and comparing, permits the ma
chine to be cleared of cards after an 
error without restoring comparing 
unit, if cards are removed from 
both magazines. 

R6BL operates in conjunction with 
R3BL so that when reproducing, 
it is necessary to have cards in or out 
of both feeds in order to start ma
chine. 

R6BU prevents accounting machine 
auto start when summary punching 
and reproducing unless there is a 
card in read magazine. 

R7A operates in conjunction with R5A 
to prevent a circuit to read clutch 
and prevent operation of read feed 
when read feed is not being used. 
It opens when the cards run out of 
read feed magazine. 

R8AL N/c operates in conjunction 
with R3AL to shunt punch card 
lever contacts to permit operation 
of read feed only. R8AL N/O in 
conjunction with other card lever 
contacts opens R19 hold circuit in 
event of a feed failure at die station. 

R8AU prevents an automatic start 
circuit to accounting machine if a 
jam occurs at punching station. 

R8BL eliminates back circuits on 
second card feed cycle when per
forming a reproducing and inter
spersed master card gang punching 
operation in conjunction with com
paring and increasing the card field 
by wiring from the O and X hubs. 
Control panel wiring for this oper
ation has the effect ©f shorting 
around R8BU points so that when 
the punch magnet common is 
broken by master card X impulses, 
a back circuit would be completed 
through comparing unit magnets 
and common, to the fuse if R8BL 
N/o were not in the circuit. 

R8&U completes circuit to punch 
brush contact roll when cards are 
at that station. When open, it pre
vents energization of magnets con
nected to punch brushes. 

R9AL shunts start interlocks when 
not reproducing. 

R9AU allows a circuit to be com
pleted to R26 pick coil only when 
reproducing. It prevents interrup
tion of punching when an error is 
sensed while performing a double 
punch and blank column detection 
operation without comparing. This 



R E F E R E N C E  M A  K l  1 1 A  I 

allows following cards to be 
punched and eliminates the neces
sity for removing cards from the 
punch feed and replacing them be-

R9BT Tlng the °Peration. 
K9BL N/c shunts card lever contact 

interlock RIAL and R4AL to per
mit read clutch to operate on every 

u gang Punching and 
gang punch checking. The N/o 
Pwu c°mpletes circuits to read 
C'U'ct! through x controlled and 
duCtgeVer mterlOCks when repro-

R9BU shunts card lever contact 
interlocks RIAL and R4AL to per
mit operation of punch clutch on 
every cycle when gang punching 

Sa"g Punch checking. 
R10AU places the comparing circuit 

under the control of R8BL when 

chSeCIitgal,When ga"g Punch , ",ckmg' 11 alI°ws comparing to be 
'"dependent of punch cardg,eveDre 

mf-VPermitSJUnn'ng Cards °Ut of 
achme without restoring com-
2 unit when performing a 
reproducing operation, provided 
cards are removed from magazine 

further err°«-

tafte reading Card Iever u°n-

producing.Ch ^-
i?ofqRCOnk°Is ln conjunction with 
2 c-u.t to common side of 
circuit ™a v"'' V°r cornP'ete this circuit on X or No X cards de
pending upon position of punch 
direct control switch Puncn 

R12AU operates at P4 time. Picks 
R/JRrr ° stacker relay 143. 
R12BU operates in pick circuit of 

punch relay 32. 
/?R^R°ntr°IS' in conJunction with 

R34B, circuit to common of com
paring magnets; it completes this 
circuit for an X or No X card de 
pending upon setup of comparing 

^7RC0ntrOlS|.ln function with 
X or NoPxat'°^ °f/ead clutch 
^ or No X cards depending nnnn 
setting of read feed control. P 

R15AL opens R19 hold circuit to stop 
machine when stop key is de 
pressed. 

vh°'dS/ St°P relay trough 
start key N/c points to eliminate 
necessity for holding the stop kev 
until R19 drops. 

R/5B breaks holding circuit for HDl 
through summary punch single 
card motor control points to stop 
motor when stop key is depressed. 

R16A operates in conjunction with 
™agaf'ne card 'ever contacts to 
complete pick circuit to R19 to 

depressed'111116 ^ Start ke^ -
R17A holds R17. 
R17B opens the punch automatic 

start circuit from accounting ma-
Ph'"\ ° ehmmate possibility of 
more than one cycle of the punch 

R1AAT ?°ntro! change. 
*/° completes circuit to 

motor heavy duty relay to hold 
motor relay energized after R19AL 
opens. C3 is timed to drop R18 at a 
time to allow machine to coast to a 
point between 6 and 9. 

R18AU holds R18. 

ch1angePUnC CyC'e °n Cach contro1 

*R?om°PT,teS in function with 
KiyBL to control circuits to 
clutches. The pick time of R18 
under control of C8 is such as to 
prevent clutch magnets from re-
ceiymg a short impulse when re-

arting m case machine had 
stoPped during time when CI or 
2 had already closed. 

™pN/CJ,COmpletes a circuit to 
machine idling light. R19AL N/o 
completes circuit to pick heavy 
duty motor relay. 

R19AU holds R19. 
/?p'fRRr0TPerateS in conJunction with 

i f v 5° open circuit to the 
clutches (at time CI and C2 are 
reason machine stops for any 

N/C' m conjunction with 
completes circuit to pick 

K26 after an impulse to stop hub 
so that cards may be run out of 
machine without punching or com
paring. It delays pick of R26 until 
all punching has been completed 
for that card. 

R20 21, 22, column split points. 
R24A opens R19 hold circuit to stop 

machine when a discrepancy in 
comparing or double punch and 
blank column detecting is sensed if 
machine is wired to stop. 

R24B opens accounting machine 
start interlock circuit to prevent 
an auto start when a comparing 
discrepancy is sensed during a sum 
mary punching operation. 

R25AL shunts card lever relay con
tacts in accounting machine start 
circuit to provide a means of oper
ating accounting machine without 
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cards in punch and without restor
ing comparing unit when summary 
punching. 

R25AU picks HD3 so reset key is 
operative only when stop hub of 
comparing unit is wired. 

R25BL, N/O operates in connection 
with R19BU to pick comparing 
stop control relay 26 when "stop" 
hub is impulsed on a reproducing 
operation. It also completes circuit 
to R26 hold until comparing unit 
is restored. 

R25BU operates, when open, in con
junction with R1BU to prevent 
starting machine after comparing 
unit has been tripped until cards 
are removed from the magazines. 

R26AL and R26BL open after an 
impulse to the "stop" hub when 
reproducing, so cards may be run 
out of machine without punching 
or comparing. 

R26AU holds R26. 
R26BU permits operation of clutches 

to run cards out of machine with
out restoring comparing unit. 

R27A holds R27. 
R27B controls, in conjunction with 

R14A, operation of read clutch on 
X or No X cards depending upon 
setting of read feed control. 

R29A holds R29. 
R29B controls, in conjunction with 

R11A, circuit to common side of 
punch magnets to complete circuit 
on X or No X cards depending 
upon position of punch direct con
trol. 

R30A holds R30. 
R30B completes circuit to punch 

magnet control relays under con
trol of an impulse into P Tfr hub. 

R31A holds R31 and completes pick 
for R32. 

R32A holds R32. 
R32B completes circuit to "PD 

OUT" hub. 
R33AL ground interlock—opens cir

cuit to die assembly when machine 
is stopped to prevent possible 
shock or injury to operator when 
removing die assembly. 

R33AU holds R33 through C5. 
R33B opens the circuit to cathode 

when machine stops to prevent 
lacing card should a marked 12 be 
on card at die station. 

R34A holds R34. 
R34B controls, in conjunction with 

R13A, circuit to common of com
paring magnets; it completes this 
circuit for an X or No X card de
pending upon setup of comparing 
control. 

R35A holds R35 and picks R36. 

R36A holds R35. 
R36B completes circuit to "RD 

OUT" hub. 
R43 and 44BU and BL are class 

selection points. R43 and 44 BU 
and BL points are so arranged that 
either one will be effective depen-
ing upon which of the two pick 
hubs R or P is used. 

R43AL provides a hold circuit for 
43H coil and a pick and hold cir
cuit for R45 and 46. 

R43AU holds R43. 
R44AL provides a hold circuit for 

R44 H coil and a pick and hold cir
cuit for R45 and 46. 

R44AU holds R44. 
R45 and 46 are class selection points. 
R47-50 same as R43 through 46 for 

class selector 2. 
R51-54 same as 43 through 46 for 

class selector 3. 
R55-58 same as R43 through 46 for 

class selector 4. 
R59-78 transfer points for NX and 

GP and during balance test time 
X and SP hubs. These points elim
inate back circuits. 

R79AL allows circuit to be com
pleted to R80 pick coil when Cll 
makes. It should be noted that the 
timing of the pick circuits for relays 
79, 80 and 81 is such that they will 
pick on successive machine cycles. 

R79AU holds R79. 
R79B holds, in conjunction with R80 

and R81B, heavy duty motor relay 
energized for 4 or 5 cycles after a 
card has been summary punched 
so that the punch drive motor does 
not stop between single card groups. 

R80-81 function in the same manner 
as described for R79. 

R83A operates in pick circuit from 
"B" hub for selector 4 so that this 
circuit can be completed only on a 
control change in the accounting 
machine. 

R84AL, AU, BL operates in pick cir
cuits through "B" hubs for selec
tors 1, 2, and 3, respectively, so 
that these groups can be picked 
only through B hubs on a control 
change in the accounting machine. 

R84BU, N/C allows the 9 impulse 
from summary punch emitter to be 
transmitted to counter mouldings 
for summary punching. R84BU 
N/O transmits an impulse to the 9 
mouldings for balance control 
sensing on a control change to pick 
selector relays if so wired. 

R85AL makes summary punch single 
card motor control circuit to heavy 
duty motor relay operative when 
summary punching. 
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R85AU shunts R24AL to provide 
circuit to R19, in conjunction with 
R1BU, when summary punching, 
reproducing, and comparing to per
mit feeding without restoring com
paring unit. 

R85BL causes R19 hold circuit to be 
controlled by R2BL so that when 
summary punching, the machine 
takes two cycles on initial depres
sion of start key to carry a card to 
punch brush station. 

R85BU provides a pick circuit for 
R79 to initiate operation of relays 
79 through 82 for summary punch 
single card motor control. 

R87AL operates in conjunction with 
R18BL to pick one cycle control 
relay 17 on a summary punching 
operation. 

R87BL allows start circuit to be com
pleted to punch when summary 
punch cycle is required. Prevents 
extraneous impulses from account
ing machine when performing oper
ations other than summary punch
ing. 

R87BU provides a circuit to energize 
punch magnet control relays when 
summary punching. 

MARK SENSING RELAYS 
R89B N/C provides pick circuit to 

number 1 delay unit magnet. R89 
N/O provides a circuit to pick R90 
for MX operation. 

R90AL provides a hold for R90. 
R90AU provides an impulse to the 

MS EXIT hub 1 to punch X hole 
for a marked 12. 

R90B provides a circuit to the MX 
OUTLET hub and, in conjunction 
with P3, provides an impulse for 
operation of relays normally con
trolled by a punched X. 

R91AL provides a circuit for the MS 
clutch. 

R91BL prevents the completion of a 
circuit to R19 until the thermal 
delay relay BU points close. 

Thermal Delay Relay 
BL, the N/C points provide a circuit 

to the heater coil. The N/O points 
provide a hold circuit for the relay. 

BU prevents energization of R19 
until there is sufficient time for the 
tubes to "warm up". 

OFFSET STACKER RELAYS 
R139A provides a hold circuit for 

R139. This relay is picked if the 
comparing contact bail is tripped. 

R139AU picks R-141 and HD3 to 
allow the comparing unit to be 
reset. 

R139B prevents a circuit to the 
punch and read clutches for one 
cycle to provide time for the com
paring unit to be restored. 

R140A provides a hold circuit for 
R140 and a pick circuit for R142. 

R140B provides a pick circuit for 
R141 to restore comparing unit 
when the punch offset stacker is 
impulsed to instigate offset stack
ing in the punch unit. 

R141B opens the circuit to the double 
punch blank column light and the 
R98 hold coil after an impulse has 
been emitted from the DPBC hub 
to the offset stacker pick hub. 

R142A provides a hold circuit for 
R142 and a pick for R143. 

R143A holds R143. 
R143B provides, in conjunction with 

C6 pick circuit for R144 at the 
proper time to cause punch offset 
stacker to be impulsed on the cor
rect cycle. 

R144A holds R144. 
R144B allows the punch offset 

stacker magnet to be impulsed by 
Pll at correct time on the correct 
cycle. 

R145A provides a hold circuit for 
R145 and a pick circuit for R147. 

R145B provides a pick circuit for 
HD3 when read offset stacker is 
impulsed to cause the comparing 
unit to be reset. 

R147A holds R147. 
R147B allows the read offset stacker 

to be impulsed by P10 at correct 
time on correct cycle. 

R148A—all points on R148 operate 
at P13 time to pick relays in con
junction with offset stacker delay 
circuits. Provides a pick circuit for 
R142. 

R148B picks R147. 

DOUBLE PUNCH AND BLANK 
COLUMN DETECTION RELAYS 

R92A prevents pick of R98 on run-in 
before card is under punch brush 
station. 

R93AL picks R96 delay setup. 
R94A, in conjunction with R97B, 

provides X—No X control over 
blank column detection. 

R95A holds R95; picks R96. 
R96A holds R96. 
R96B picks R97, with C6, at the 

proper time in the cycle to delay 
the operation of the X control to 
the proper cycle. 

R97A holds R97. 
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R97B provides, in conjunction with 
R94A, X—No X control over 
blank column detection. 

R98A holds R98; provides circuit to 
error lamp. 

R98B provides a circuit to the 
DPBC outlet hub in case either a 
blank or double punched column 
has been sensed. Prevents R98 from 
being energized by a comparing 
error when both comparing and 
DPBC hubs are wired to the stop 
or same offset stacker hub. 

R99A provides a pick circuit for relay 
100 for the first position. This cir
cuit is completed by the first impulse 
read into this position. It opens to 
prevent a second impulse read into 
this position from de-energizing 
R99. 

R99B—the N/C points provide a cir
cuit to the exit hub so that the in
formation may also be gang 
punched. The N/O point provides 
a circuit to pick R98 if a second 
impulse reaches the entry hub. 
This separates each position to 
prevent a second impulse in any 
position from being fed to all wired 
columns. 

R100A provides a path for the blank 
column detection test impulse for 
position 1 in case no impulse was 
entered into the number 1 entry 
hub. 

R100B picks R99; holds R100. 
R101, 103 to 137, and R170 to 188. 

A points operate in the same man
ner as R99A for positions 2-30, re
spectively. B points operate in 
same manner as 99B. For posi
tions 2-30, respectively. 

R102, 104 to 138, and R171, 173 to 
189. A points operate in the same 
manner as R100A for positions 2-
30, respectively. 

PRINTING DEVICE RELAYS 
R12AL operates in the pick circuit 

of the print device 2nd cycle X 
delay relay 165. 

R12BL operates in the pick circuit of 
the print device 3rd cycle X delay 
relay 167. 

R163A operates in conjunction with 
R168B to provide X—No X con
trol over printing. 

R164A holds R164 and picks R165 
at the proper time in the cycle to 
delay the operation of the X con
trol for the 2nd cycle. 

R165A holds R165. 
R165B provides, in conjunction with 

C6, a pick circuit for R166 at the 
proper time in the cycle to transfer 

the delay circuit to R166 for the 
second cycle. 

R166A holds R166 and picks R167 
for third cycle delay transfer. 

R167A holds 167. 
R167B—picks, in conjunction with 

C6, R168 at the proper time in the 
cycle to transfer the delay circuit 
to R168 for the third cycle. 

R168B operates in conjunction with 
R163A to provide X—No X con
trol over printing. 

R244 1-4 and R245 1-4 allow card im
pulses 5 through 9 to be directed to 
the print magnets. When open, 
they prevent energization of print 
magnets during restoring time 
while storage relays are being set 
up. 

R246 1-4 and R247 1-4 provide cir
cuits to the 0 storage relays at 0 
time on the card. 

R248 1-4 and R249 1-4 provide cir
cuits to the 1 storage relays at 1 
time on the card. 

R250 1-4 and R251 1-4 provide cir
cuits to the 2 storage relays at 2 
time on the card. 

R252 1-4, R253 1-4, R254 1-4, and 
R255 1-4 provide circuits to both 
the 0 and 1 storage relays. 

R256 1-4, R257 1-4, R258 1-4, and 
R259 1-4 provide circuits to both 
0 and 2 storage relays. 

R260-1 through R283-1 provide hold 
circuits for storage relays 260 
through 283. 

R260-3 and 4 through R283-3 and 4, 
the N/C points in combination pro
vide a circuit from the entry hubs 
to the print magnets in the event 
the storage relay has not been 
picked. One N/O point, in combina
tion with other N/c points, for each 
position provides a circuit for read 
out impulses from the emitter to 
the print magnets. 

C - CAMS 
1. Controls punch and mark sens

ing clutch timing and eliminates 
arcing of the relay points in the 
circuit by making the circuits 
after the relay points are closed 
and breaking the circuits before 
the relay points are opened. 

2. Controls read clutch timing and 
eliminates arcing of the relay 
points in the circuit by making 
the circuit after the relay points 
are closed and breaking the 
circuit before the relay points are 
opened. 

3. Controls the drop out time of 
motor control relay 18. Should 
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be timed to cause machine to 
coast to a point between 6 and 9. 

4. Controls pick and drop out time 
of column split relays. 

5. Provides properly timed hold 
for delay circuit relays. 

6. Controls impulses to read and 
punch delay "out" hubs and to 
delay circuits for other devices. 

7. Controls impulse to O and X 
hubs and emits impulse to the 
MS EXIT hub 1 to punch X 
hole. 

8. Times pick of motor control 
relay 18 at time when it cannot 
energize one clutch without the 
other. 

9. In conjunction with the punch 
interlock contact assures that 
the movement of the card is 
synchronized with the punch 
emitter. If the Geneva pawl 
failed to engage on the first 
cycle, the card and the punch 
emitter would be out of step. If 
the two are in step, the account
ing machine auto start circuit 
will be completed. 

10, 11, and 12. Time pickup of sum
mary punch single card motor 
control. 

CIO impulses R79. Cll im
pulses R80 before R79 drops. 
CI2 impulses R81 before R80 
drops. 

This sequence provides a 
motor running circuit for at 
least four machine cycles to 
eliminate starting and stopping 
of the punch motor for single 
card totals. 

13. Controls pickup of R148 which 
works in conjunction with offset 
stacker delay circuits. 

23, 24, 25, 26 supply timed 
impulses to the card brushes. 

P - CAMS 
1. Controls the circuit to the cir

cuit breakers so that reading 
brush and emitter circuits are 
completed only when the punch 
unit operates. Controls the pick 
of the punch magnet relays. 

2. Controls the holding circuit for 
relays which must be held during 
the punching period and X con
trol relays for double punch and 
blank detection as well as cycle 
delay relays for printing. 

3. Completes circuit to the punch 
X brush at X time only and to 
the MX outlet for mark sensing. 

4. Controls R12 to expand the 
number of circuits which can 
operate at P4 time. 

5. Allows the machine to take one 
cycle if the start key is depressed. 
It opens once each cycle to test 
the R19 hold circuit through the 
card lever contacts to determine 
that cards are at each card lever 
station. In the event that one of 
the card lever contacts opens, 
R19 is held until the cycle is 
completed. 

6. Permits R19 to be held to cause 
the machine to complete a cycle 
when R24AL is opened regard
less of the time R24 is energized. 

10. Provides an impulse to the read 
offset stacker magnet at the 
proper time. 

11. Provides an impulse to the 
punch offset stacker magnet at 
the proper time. 

12. Provides an impulse to the off
set stacker holding relays. 

13. Provides a pick circuit to the 
double punch detection relays 
through the N/O B points of 
the blank column detection re
lays. 

14. Provides a blank column detec
tion test impulse. 

15. Provides a hold circuit for the 
double punch detection relays. 

16. Provides timed impulses to the 
mark sensing brushes. 

17. Provides a hold circuit for mark 
sensing relay 90 to hold it long 
enough to allow an X hole to be 
punched from the first position 
of the mark sensing unit. 

20, 21. Provides timed impulses to 
the print unit read-in and read
out emitters. 

22. Provides an impulse to the 
platen magnets. 

23. Provides a hold circuit for the 
storage relay hold coils. 

24. Provides an impulse to relays 
244 and 245 so that the 5-9 holes 
may be read directly from the 
card into the print magnets. 

R - CAMS 

1. Controls the circuit to repro
ducing brushes to complete cr-i 
cuits to them only when the 
read feed operates. 

3. Completes circuit to read X 
brushes at X time only. 

4. Controls drop time of R19 
motor hold circuit when the 
reading unit is operating alone. 
It provides a dropout of R19 
and eliminates continued opera
tion after a jam in the read feed. 

5. Picks R36 in read delay circuit. 
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A U T O M A T I C  I N T E R P R E T E R S  
T y p e s  550 ,  5 5 1  

THIS reference manual is intended 
to condense and revise the adjust
ments previously published for the 
Types 550 and 551 machines. Pre
ventive maintenance, lubrication, re
moval procedures and service hints 
have been added to the adjustments 
of each unit to provide the customer 
engineer with vital information con
cerning the service problem. 

M A C H I N E  
S P E C I F I C A T I O N S  

Weight 
Packed—590 lbs. 
Unpacked—468 lbs. 

Dimensions 
Length—37" 
Width—22" 
Height—47" 

Running Current 
110V 60 cycle AC—5 .OA 
230V 60 cycle AC—2.5A 
115 V DC —3.9A 

Speed 
Type 550 — 75 cards per minute 
Type 551 — 60 cards per minute 

Card Dimensions 
.0065" or .009" — 80 column card 
51 column post card size card. 

2 



B A S E  

Cycle Points, Type 550-551 

Type 550-551 machines now in op
eration can differ in the number of 
cycle-points per machine cycle. Some 
Type 550 and 551 machines operate 
on 32 cycle-points per machine cycle, 
while the majority operate on 28 
cycle-points per machine cycle. Do 
not use the wiring diagram and se
quence chart to determine the num
ber of cycle-points per machine cycle. 

The basic difference between a 28 
or 32 cycle-point machine is the cut 
of the crosshead-cam (Figure 1). The 
outside circumference of a 32 cycle-
point crosshead cam is round while 
a 28 cycle-point crosshead cam is 
oblong. The two cams are not in
terchangeable. 

The following table can be used 
to determine the basic difference be
tween the 28 and 32 cycle-point 
machines. 

28 Cycle-point 32 Cycle-point 

Cam 
Name 

Crosshead 
Cam 

(Figure 1) 

Part 
Description No. 

Outside circumference 
is oblong 
Type 550 19818 
Type 551 111658 

Part 
Description No. 

Outside circumference 
is round 
Type 550-551 192883 

Card Picker 
Cam 

(Figure 2) 

Cut of cam and outward 
dimensions are identical 
to 32 cycle-point cam. 
Index markings will dif
fer in dimension. 
Type 550-551 17202 

Cut of cam and out
ward dimensions are 
identical to 28 cycle-
point cam. Index 
markings will differ 
in dimensions plus 
the CF timing mark. 
Type 550-551 192881 

Circuit-breaker 
Cams 

Type 550-551 14230 Type 550-551 192888 

Magnet Unit 
Knockoff Cam 

(Figure 3) 

Type 550—egg shape 17203 
Type 551—sharp knockoff 111659 

Type 550-551 17203 
Egg shape 

32 Cycle-point 
Crosshead Cam 

28 Cycle-point 
Crosshead Cam 

Figure 1. 28 and 32 Cycle-point Crosshead Cams 
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4 TYPES 550/ 551 
C U S T O M E R  E N G I N E E R I N G  

Index Markings and Timings 

(Figures 2 and 4) 

28 cycle-point machines—12 and 
CC which coincide, 11, 10, 1, 2, 3, 4, 
5, 6, 7, 8, 9, KC, IF and H.C. 

32 cycle-point machines—all the 
above markings plus CF. 

The numbers are for the brush 
reading positions of the card. 

KC—The hole in the knockoff 
cam should be away from the feed 
and in a horizontal plane with the 
center of the hammer-cam-shaft 
when the index-pointer is at KC. 

IF—Set the printing control knob 
to print on the top or first line. The 
intermittent feed rolls should just 
stop when the pointer is on IF. 

HC—The high point of the ham
mer cam should be away from the 
feed and in a horizontal plane with 
the center of the hammer-cam-shaft 
when the index pointer is on HC. 

CC and 12—The hole in the cross-
head-cam should be away from the 
feed and in a horizontal plane with 
the center of the hammer-cam-shaft 
when the index pointer is on CC 
or 12. 

CF—(32 cycle-point machines 
only). The card should just enter 
the first feed rolls when the index 
pointer is on CF. 

Type 550-551 Drive Housing 

(Figure 5 and 6) 

Some Type 550 machines are built 
with the Type 551 brush and con
tact-roll assembly, crosshead cam, 
and drive-housing assembly. How
ever, the printing is set for the top 
line and the printing-line control-
handle is removed. This machine 
should be considered a Type 551 
when new parts are required. Check 
the intermittent drive-gear-sleeve 
protruding through the drive-housing 
cover to determine the type of a 
particular machine. 

28 Cycle 
Point 

Index 

32 Cycle 
Point 

Index 

Figure 2. 28 and 32 Cycle-point 
Card Picker Cams 

Magnet Unit Knockoff Cams 

Type 550-28 Cycle Points 
Type 550-551-32 Cycle Points 

Type 551-28 Cycle 
Point Machines 

Figure 3. Magnet Unit Knockoff Cam 





P R E V E N T I V E  
M A I N T E N A N C E  

Card Picker Cam Index (Figure 2) 

All machine timings are made in 
relation to the index markings on 
the perimeter of the card picker 
cam. Before making any adjustment 
change such as list-lap, cam con
tacts, or circuit breakers, determine 
the cause for the change. Is the 
hammer-cam shaft out of time with 
the index or is the index out of time 
with the hammer-cam shaft? Lost 
motion in the card picker cam drive 
mechanism would change the rela
tionship between the index and the 
hammer-cam shaft. 

Type 550 and 551 Drive Housing 
(Figures 5 and 6) 

Remove the top cover for inspec
tion and lubrication. Check for lost 

motion and loose pins. NOTE: The 
hammer-cam shaft worm-gear is 
keyed and pinned to the hammer-
cam shaft. 

Hammer-Cam Shaft (Figure 4) 

Before changing a list-lap, cam, or 
circuit breaker timing adjustment, 
determine why the change is neces
sary. Many times a loose pin or a 
worn cam-roller and stud is the cause 
and changing the adjustment would 
only aggravate the condition. 

Intermittent electrical failures can 
be caused by loose contact points in 
the cam-contact straps. 

Crosshead Rocker Arms, Crosshead 
Connecting Links, Crosshead Bear
ings and Guide Rods (Figure 7) 

The above units develop the re
ciprocating motion of the crosshead 
and type-bars. Check this mechanism 

Main Drive 
Shaft Worm 

Intermittent 
-Geois. 

Card 
Cam 

Figure 5. Drive Housing, Type 550 
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Figure 6. Drive Housing, Type 551 

regularly because the accuracy of the 
list-lap adjustment is dependent on 
the operation of the mechanism. 

Card Ejector Roll Assembly 
(Figure 8) 

Friction between the 12 rubber 
feed-rolls and the 4 card rails, move 
the card from the printing station to 
the card stacker. When necessary, it 
is suggested to remove the glaze 
from the rubber feed-rolls with fine 
sandpaper. 

Stacker 
No machine can perform satis

factorily without a good operating 
stacker. 

L U B R I C A T I O N  
IBM 6 (Part pt. 223980, gal. 450315) 

1. Drive motor—do not over lub
ricate. 

2. Card ejector roll bearings. 

IBM 9 (Part pt. 450668, gal. 450316) 

1. Drive pulley clutch and shaft. 
2. Card picker cam shaft bearings, 

rollers, and pivot studs. 
3. Hammer cam shaft bearings 

and rollers. 
4. Helical worm gear shaft bear

ings. 
5. Hand wheel bearings. 
6. Crosshead, rocker arms-cross-

head connecting links and crosshead 
bearings, pivot studs and slides. 

IBM 15 (Part pt. 450238, qt. 450052) 

1. Drive housing — always keep 
the lower portion of the worm gears 
running in gear oil, never fill above 
the bearing level. 

IBM 17 (Part 1 lb. 450556, 5 lb. 450635) 
1. Drive pulley clutch teeth. 
2. Main drive shaft bearings (• ill 

be necessary to remove helical p ar 
and gear retainer). 

3. Card picker cam surface. 
4. Crosshead, hammer and magnet 

unit cam surfaces. 
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5. Helical gear, worm shaft, worm 
gears. 

6. Worm shaft bearing (will be 
necessary to remove the helical gear 
and bearing retainer). 

7. Helical gears. 
8. Card ejector roll gears. 

A D J U S T M E N T S  

Drive Motor, VA HP 
The two machines operate at dif

ferent speeds and require motor pul
leys as follows (1725 RPM motor) : 

Machine Motor Pulley 
Type Speed Part 

Number 
550 75 C.P.M. 149979 
551 60 C.P.M. 149980 

1. Position the motor on the mo
tor support assembly so the drive-
belt does not rub against the belt 
guard or the base castings. 

2. Position the motor support as
sembly so the drive belt will have 
about 3/4" to 1" compression at the 
upper base line. 

Main Drive Shaft, Reverse Clutch 
(Figure 9) 

1. Position the drive-pulley on the 
main drive-shaft with its stop collar 
so the "V" belt will operate in a di
rect line from the motor pulley. 

2. Locate the clutch-collar so that, 
when the drive - pulley clutch is 
moved to its extreme right (slip 
coupling bottoms), a 3^2" clearance 
will exist between the reverse-clutch 
teeth. 

Card-Ejector Roll Assembly 
(Figure 8) 

Make the following adjustments 
with the unit on the machine and 
cards feeding under power. 

1. Position the card-rails in rela
tion with the feed rolls by loosening 
the holding screws and adjusting the 
stop screws (4 sets per rail section) 
to provide sufficient feeding friction 
to feed the cards straight. Too much 
feeding friction marks the card. 

Stacker 
1. Adjust the stacker spring ten

sion so the top card will remain ap
proximately lMt" below the card 
line. 

2. Form the card-deflector spring 
so the cards fall flat in the stacker. 

R E M O V A L  
P R O C E D U R E S  

Helical Gear Housing Cover 

1. Turn the hand-wheel until the 
set screws (2) line up with the hole 
in the hand-wheel-guard (two set
tings, 180° apart). Remove both set 
screws and the hand-wheel may be 
removed. 

2. Remove the hand-wheel-guard 
(4 screws). 

3. Remove the hand-wheel spindle 
pin. 

4. Remove gear-housing (6 
screws). 

SUGGESTION—have a new gear-
housing gasket available for re-as
sembly. 

Drive 

Figure 9. Main Drive Shait—Reverse Clutch 
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Helical Gears (Figure 10) 
1. Remove gear-housing cover as 

described above. 
2. Helical gears are pinned to 

their respective shafts; drive pins 
for gear removal. 

3. Remove bearing retainers for 
ball bearing inspection and lubri
cation. 

Helical Worm Gear Shaft 
(Figure 10) 

1. Remove helical gear. 
2. Remove card-ejector roll as

sembly (see Card-Ejector Roll-As
sembly). 

3. Remove ribbon-unit drive gear 
(spur gear; for timing—see Ribbon-
Unit). 

4. Remove worm - shaft bearing 
dowels and screws. 

5. Remove worm-shaft ball-bear
ing retainer. 

6. The worm shaft and ball bear
ing may be removed through the 
right end frame. 

Main Drive Shaft (Figure 9) 
1. Remove helical gear housing. 
2. Loosen set screws in driven-

pulley stop-collar and driven-pulley 
clutch-collar. 

3. Remove two main drive-shaft 
sleeve taper pins and slide the sleeve 
to the left. 

4. With a pry or light tapping ac
tion, the main drive-shaft will slide 
to the left through the main drive 
bearing and the reverse clutch as
sembly. 

Card Ejector Roll Assembly 
(Figure 8) 

1. Raise the glass cover and re
move four screws: two through the 
right end frame, and two through the 
support-blocks on the front and rear 
support-frames. 

2. Raise the right end of the unit 
a few inches, and, with an upward 
and to the right motion, the unit can 
be removed from the machine with
out twisting or bending the card-
rails. 

Drive Housing and Hammer Cam 
Shaft 

To remove the drive housing and 
hammer cam shaft assembly as a 
complete unit, proceed as follows: 

1. Remove ribbon, platen, ejector 
roll assembly and type bar assem
blies. 

'o-*< 
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2. Loosen hammer-cam-shaft in
termediate - bearing assembly from 
the machine base; 2 screws and pins. 

3. Remove circuit-breaker drive-
gear. 

4. Unfasten hammer bail spring 
anchors. 

5. Remove hammer-cam follower 
assembly from hammer-bail. 

6. Loosen knockoff cam and slide 
to the front of the machine. 

7. Remove magnet - unit relatch 
arm. 

8. Remove card picker connecting 
rod. 

9. Remove rocker-arm rear. 
10. Drive two pins and slide main 

drive-shaft sleeve. 
11. Remove drive-housing screws 

(3) and pins (2). 

C U S T O M E R  E N G I N E E R I N G  

The complete assembly can be re
moved from the machine. 

B R U S H  S L I D E  A N D  
C O N T A C T  R O L L  

A S S E M B L I E S  

TYPE 550 and Type 551 Brush Slides 
and Contact Roll Assemblies are not 
interchangeable. They differ in con
struction and distance relationship 
between the card feed and contact 
roll (Figures 11 and 12). 

Some type 550 machines are built 
with 551 brush slides and contact 
roll assemblies and should be con
sidered as Type 551 machines when 
parts are required (see Drive Hous
ing, page 6). 

Release 
Slides 

Slide 
Assembly 

Contact Roll 
Assembly 

Latching 
Plunger (2) 

Figure 11. Type 550 Brush Slide and Contact Roll 
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P R E V E N T I V E  
M A I N T E N A N C E  

Brush Slide (Figures 11 and 12) 

Check the plungers and plunger 
guides; they loosen and allow the 
brush slide to drop below the card 
line. 

Check the card lever groove in the 
brush plate for card wear. Card lever 
tension caused by the card lever con
tacts has a tendency to force the card 
into the brush plate groove, resulting 
in damaged edges of the cards and 
faulty contact operation. 

Contact Roll (Figures 11,12 and 14) 
Plunger contacts sometimes be

come bent and stick in the sleeve. 
This results in a poor electrical con-

T Y P E S  5 5 0 ,  5 5 1  1 3  

tact. Always wipe card dust off the 
plunger contacts before installing the 
unit. 

Check for a binding or sticky card 
lever. 

L U B R I C A T I O N  
I B M  6  (Part pt. 223980, gal. 450315) 

1. Contact Roll Bearings. 

A D J U S T M E N T S  
Brush Slide —Types 550-551 
Locating the Brush Slide (Figure 13) 

1. Loosen the two holding screws 
which hold the adjustable brackets, 
in the front and rear side frames, 
and move the unit up or down until 
the face of the brush plate is located 

Figure 12. Type 551 Brush Slide and Contact Roll 
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B R U S H  T I M I N G  
Do not time the brushes until the 

feed knives and vertical printing line 
has been adjusted (see Vertical 
Printing Line Adjustment, pages 17 
and 24). 

1. As a starting point, position 
the brush holder so the heels of 
the reading brushes are on the 
scribed line. Place several alternately 
punched test cards (1-8-1-8, etc.) in 
the hopper and with a meter or test 
light; check to see that all brushes 
make contact through the holes in 
the card %%' before the line on the 
index. 

To obtain the above condition, the 
brushes may be shifted away from 
the scribed line. Never change the 
feed knives or the pickup time of 
the card. 

Contact Roll, Types 550-551 
Contact Terminal (Figure 14) 

1. Insulating washers are provided 
making it possible to install the con
tact terminal assemblies in the side 
frames so the head of the sleeve will 
be flush with the inside side frame. 

2. This should automatically posi
tion the head of the contact plunger 
approximately Vs" inside the side 
frame. 

Contact-Roll Slide (Figures 11 and 12) 

1. The contact-roll slide will be 
correctly positioned when the slide 
release pins engage in the side 
frames. No adjustment is provided. 

on the card line between the first 
and second feed rolls. 

2. Setscrews are located behind 
the adjustable brackets on the front 
and rear side frames to provide a 
lateral adjustment for the brush-
slide. Adjust by loosening one set 
screw and tightening the other until 
the brushes are in alignment with 
the punched holes in the card. 
Installing a New Set of Brushes 

1. Install each brush for a Vs" 
projection from the heel of the brush 
to the face of the brush plate (Fig
ures 11, 12). 

2. When the brushes are held 
down with a plastic plate, locate the 
brush holder so the heels of the 
brushes line up with the scribed line 
on the brush separators. 

Figure 14. Contact Terminal 

Sleeve 

/y22m2Z^ZZ/ 

Contact 
Plunger Side 

Frame 

Insulating 
• Washers 



2. Check the location of the brush-
slide in the following manner: with 
the contact-roll slide and brush-slide 
in position, check the contact-roll to 
brush-slide clearance with the .012"-
.018" thickness gauge. A .012" thick
ness gauge should pass between the 
brush-slide and contact-roll and a 
.018" thicknes gauge should not pass. 

Card Lever Contact (Figures 11 and 12) 

1. With the contact-roll slide in 
the machine, adjust the contact 
spring support for clearance be
tween the contact points. The non-
operating contact strap should be 
resting on its support with light ten
sion, and the operating contact strap 
should follow the card lever with 
very light tension. 

2. With the cards in the machine, 
the operating contact strap should 
raise the non-operating contact strap 
/yi' off the support. 

Keep the card lever contact strap 
tension as light as possible; thus pre
venting the card being forced into 
the card lever groove in the brush 
plate. 

Contact Roll, Type 551 (Figure 12) 

Setscrews are provided to hold 
the card lever contact, common brush 
assembly and contact roll bearings to 
their contact roll support. 

1. The card-lever contact and com
mon-brush assemblies are installed 
on their respective fiber contact-roll 
supports so the contact - supports 
project through the fiber-roll sup
ports approximately %2'• Use caution 
when tightening the set screws; the 
ber threads strip very easily. 

F E E D  U N I T  A N D  F E E D  
M E C H A N I S M  

THE FEED UNIT on the Types 550 
and 551 is very similar in construc
tion and operation to the feed unit 
on the horizontal sorter. Two differ
ent feed knives, feed-knife blocks 
and feed-knife slides are now in op
eration on both types of machines: 
narrow feed knives and blocks whose 
slides operate directly in the hopper 

ed casting and the wider feed-
nives, blocks and slides that are 

standard on a large number of IBM 
machines. The adjustments on the 
two types of feed knife assemblies 
are basically identical. 

P R E V E N T I V E  
M A I N T E N A N C E  

The feed unit is the heart of any 
machine. Always keep them clean, 
well lubricated and in correct ad
justment. 

Card Picker Cam (Figure 15) 
The vertical printing line adjust

ments are not intended to correct 
printing legibility, but are given to 
locate the printing in the correct 
vertical plane. Once set correctly, 
they should never require a change 
under normal conditions. 

Adjusting the length of the card 
picker connecting rod is the means 
of controlling the pickup time of the 
card by the feed knives; thus con
trolling the vertical printing line. 
Once this adjustment has been estab
lished, never change it for brush tim
ing (see Brush Timing, page 14). 

L U B R I C A T I O N  
IBM 6 (Pari pt. 223980, gal. 450315) 

1. Roller throat bearings. 
2. Intermittent ball bearing rollers. 
3. Intermittent roller bracket pivot 

pins. 

IBM 9 (Pari pt. 450668, gal. 450316) 

1. Feed roll bearings and pressure 
shoes. 

2. Intermittent feed roll bearings. 
3. Feed mechanism bearings. 
4. Feed knife slides. 

IBM 17 (Part 1 lb. 450556, 5 lb. 450635) 

1. Intermittent feed roll gears. 

A D J U S T M E N T S  
Hopper (Figure 15) 

1. Set the hopper side plates for 
correct horizontal printing on the 
card. Check the lateral brush align
ment (see Locating the Brush Slide, 
page 13). 
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nns'"8!* tA%-op?er side P'ates f°r 
.008 to 012 clearance over the 
length of the card. The plates should 
be parallel to each other and in a 
position to guide the card squarelv 
to the first feed rolls. 

3. Adjust the rear guide-posts by 
f „or removing shims for a .008" 
to .012 clearance between the guide 
posts and the cards. 

Feed Knives, Blocks and Slides 

Assemble the feed knife blocks to 
the slides with the knife-slide adjust
ing-stud screwed all the way into the 
slide. Slight alterations may be made 
to cause the feed knives to feed the 
card straight. Once straight card 
feeding has been established, never 
alter the knife-slide adjusting studs. 

0045"pro,,ectlon—standard .004" to 

2. Turn the machine until the feed 
knives are at the completion of the 
back stroke. Check for at least k," 
clearance between the feed knives 
and a card held against the guide 
posts. If this condition does not ex
ist, check all the feed-knife drive-
mechanism from the drive-housing 
worm-gear to the feed knives. 

14) Check 'he brush timing (page 

4. Operate the machine under 
power and check the vertical print
ing alignment. If it is necessary to 
change the card-picker connecting 
rod to correct the vertical printing 
alignment, recheck adjustments 2 
and 3. 

Throat Knife and Block 

Standard .0095"-.0105" GO NO-GO 
adjustment. 

First and Second Feed Rolls 
(Figure 15) 

P R I N T  A N D  R I B B O N  
U N I T S  

Type Bar, Standard (550-551) 
(Figure 16) 

The type assembly is as follows: 
12 on top, 11, 10, 1, 2, 3, 4 8, 9 0 
and blank. A 0 (zero) may replace 
tne 10 type. 

Type return springs are heavy for 
blank type and light springs for the 

Intermittent Feed Rolls (Figure 15) ,rf,malnlng " type. Control Panel 
a Wiring that controls type bar print

ing as follows: common wired to 
print 10—the type bar may be set 
up to print all punchings of the card 
(12 through 9 plus the mechanical 
zero); common wired to print zero 
the type bar may be set up to print 
characters 1 through 9 plus the me
chanical zero. 

1. Adjust the three tension adjust-
for, the first and second 

pper feed rolls to provide for an 
even 6 lbs. feed roll pressure (ap-

fe^diTg816^ Ch6Ck f°r Straight card 

1. Adjust the tension of the upper 

suffir- . aa" bearings> to have 
ufficient and even tension to feed 

e card straight at printing station. 

Card Picker Cam, Vertical Printing 
Line Adjustment (Figure 15) 

1. Turn the machine until the in
dex pointer is as follows: 

28 cycle point machine— 
after IF. 

32 cycle point machines—CF 

Adjust the length of the card-picker 
S?8 r°d so a card will be held 
f™'y ,n° buckle) between the first 
feed rolls and the feed knives. The 

strnk T uW'U be on the forward 
stroke and the back lash should be 
removed. 

Type Bar, Pin Type (551) 
(Figure 16) 

The type characters are twice the 
width of standard type. Type from 
adjacent type bar must be removed. 

Pin type is used only in numerical 
positions 0 through 9 and the me 
chanical zero. The pin-type asterisk 
( ) is sometimes used in the blank 
position. Standard type is sometimes 
used in the 12 and II positions 



1 8  T Y P E S  5 5 0 ,  5 5 1  C U S T O M E R  E N G I N E E R I N G  

£\ • 

Figure 16. Standard and Pin-type 
Type Bars 

Ribbon Guides 

Spaces are provided for ribbon 
guides to be located between each 
type-bar equipped with standard 
width type. Ribbon guides cannot be 
used in the pin-type type-bar po
sitions. 

L U B R I C A T I O N  

IBM 6 (Pari pt. 223980, gal. 450315) 
1. Platen bearings. 
2. Zero pawl pivot points. 
3. Type bars; wipe on lubrication 

with a saturated cloth. 
4. Ribbon unit mechanism pivot 

points. 
5. Hammer pivot surface. 

IBM 9  (Part pt. 450668, gal. 450316) 
1. Ribbon unit eccentric. 
2. Hammer bail pivots. 
3. Hammer bail connecting 

bracket bearings. 

IBM 17 (Part 1 lb. 450556, 5 lb. 450635) 
1. Ribbon unit worm gear. 

A D J U S T M E N T S  

Zero Pawl Assembly (Figure 17) 

The adjustments for this unit 
should not be made until the magnet 
unit has been located (page 24) and 
the crosshead - list lap adjustment 
(page 19) has been made. 

1. Move the zero-pawl assembly 
to the left or right in the enlarged 
holes in the front and rear side 

P R E V E N T I V E  
M A I N T E N A N C E  

Type Bars (Figure 16) 

Always check for worn or battered 
type-tails and loose type-bar heads. 

Crosshead, List Lap Adjustment 

Always check the crosshead anchor 
screws for tightness. Check for loss 
motion between the type-bar and 
type-bar pawl when the pawl is hold
ing the type-bar. 

Ribbon Unit 

Provide adequate ratchet - wheel 
friction-spring tension to keep the 
ribbon tight against the ribbon guides 
at all times. 

Hammer Unit 

Check this unit for loose screws, 
worn or binding hammers. Weighted 
hammers are required to satisfac
torily operate the large pin type. 

Zero Pawl 
Assembly 

Holding Screws 
(Front) 

Figure 17. Zero Pawl Assembly 
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frames until the mechanical aaroe era 
printed in alignment with tha nu
merical characters. Test by printing 
an alternately punched test card (8-
0-8-0, etc.) in all 45 type-bar*. 

2. The zero-pawl locking levers 
(2) should be adjustr.: 
the holding screws and moved in the 
enlarged holes until the zero pawl 
latch rests against the zero pawl 
levers all the way across. Check to 
see that the locking levers will re
lease the zero pawl lovers for manual 
operation, and will not touch the 
feed rolls during normal operation. 

Platen 

1. Shift the bearing-blocks up or 
down to provide for Vfc" clearance 
between the platen and the type 
face. 

2. Align the bearing block* so the 
platen is free and will turn with the 
movement of the cards. 

Crosshead, List Lap Adjustment 
(Figure 18) 

The following adjustments are not 
made directly on the crosshead, but 
determine the location of the cross-
head and type-bars in relation to the 
stop pawls. All magnet unit adjust
ments listed under locating the 
magnet unit, page 24, mull be 
checked before any of the following 
list-lap adjustments are made. 

1. The eccentric bushings in the 
ront and rear crosshead connecting 

links should be adjusted as follows: 

A. Loosen the set screws in the 
crosshead-bearings so the large pivot 
studs may be loosened (do not re
move ). 

B. Loosen the set screws in the 
connecting links so the eccentric 
bushings may be adjusted. 

C. Turn the machine to "5" on the 
index, and adjust the front and rear 
eccentric bushings so the stop pawls 
overlap the 5 tooth on the type-bars 
L,". The high sides of the eccentrics 
must be together end turned in the 
same direction. 

D. Turn the machine by hand 
checking to see the crosshead-bear
ings slide free on their slides-rods 
and the crosshead is operating at 
right angles with the slide-rods. 

E. Check the stop-pawls for Hi 
overlap of the type-bar teeth at 11, 
5 and 8 on the index. 

Ribbon Unit 
Mesh the ribbon eccentric gear 

with its drive gear so the eccentric 
is either up or down when the ham
mers fire. This adjustment provides 
for the minimum of ribbon move
ment when the hammers fire and the 
ribbon is operating in either di
rection 

Hammer Unit 
1. Install the front and rear ham

mer spring anchor, in the one o 
the four positions provided that will 
cause a satisfactory printing itnpres 
sion. Keep the front and rear ham-

Eccentric 

Figure 18. Crosshead List-lap Adjustm 
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R E M O V A L  
P R O C E D U R E  

Type Bar 

1. Remove the card ejector roll 
assembly (page 11). 

2. Remove type-bar ribbon-guide 
retainer (2 screws). Ribbon guides 
may be removed at this point. 

3. Remove type-bar retainer (2 
screws). 

4. Any or all type-bars may be re
moved with an upward and to the 
right movement. 

Zero Pawl Assembly 

1. Turn the machine to a position 
where the crosshead cam will not in
terfere with the removal of the rear 
zero pawl assembly screws (2). A 
notch is provided in the perimeter 
of the 32-cycle crosshead-cam for 
this operation. 

2. Remove the two front and rear 
(4) zero-pawl-assembly screws and 
the unit can be removed from the 
bottom of the machine. 

M A G N E T  U N I T  

L U B R I C A T I O N  

IBM 6 (Part-pt. 223980, gal. 450315) 
1. Small drop on each armature 

pivot, stop pawl pivot and stop pawl 
latch pivot. 

2. Knockoff mechanism pivot bear
ings. 

IBM 17 (Part—1 lb. 450556, 5 lb. 450635) 
1. Knockoff lever. 
2. Knockoff cam and roller. 

A D J U S T M E N T S  

Magnet Unit Stop Pawls, Stop Pawl 
Latches, Pull Rods, Magnets and 
Armatures (Figure 19) 

1. Form each armature so that, 
when the outer armature - residual 
strikes the magnet core, there will 
be .003" to .005" clearance between 
the inner magnet core and the arma
ture residual. 

2. Adjust the pull-rod turnbuckle 
so that when the armature is at
tracted, there will be .010" to .015" 
(preferably .010") clearance be
tween the stop pawls and stop pawl 
latches. NOTE: Keep the pull rod 
turnbuckles tight and no binding 
condition between the pull rods, 
armatures or stop pawl latches. 

3. Form the tips of the armatures 
so that, when they are resting against 
the magnet-unit tie-rods, the stop 
pawls will overlap its latch .020" to 
.025 (preferably .020"). Recheck 
adjustment 2. 

Stop Pawl Relatch and Armature 
Knockoff (Figure 20) 

1. Position the relatch-arm-lever 
strap with its two holding screws so 
when the high portion of the knock-
off-cam has operated the relatch-arm-
lever, the relatch-bar will drive the 
45 stop pawls j^2" past their latching 
point. 

2; With the unit setting in the 
position as described in adjustment 1 

Preventive Maintenance 

K EEP ALL magnet unit and magnet 
unit mounting screws tight. Machine 
vibration has a tendency to loosen 
the unit screws. 

Figure 19. Magnet Unit Stop Pawls, 
Stop Pawl Latches, Pull Rods, 



21 

k 

k 



2 2  T Y P E S  5 5 0 ,  5 5 1  C U S T O M E R  E N G I N E E R I N G  

and the magnet unit armatures at
tracted, adjust the front and rear 
relatch-eccentric studs (two adjust
ing screws for each eccentric) by 
loosening one screw and tightening 
the other so the knockoff-bar will 
clear the 45 stop pawl latches by 
VW. Speed of machine operation 
makes this adjustment effective. 

3. Adjust the knockoff bar back
stop screw so that when released in 
its normal position there will be a 
clearance of between the knock-
off bar and the stop pawl latches. 

Locating the Magnet Unit 
(Figure 21) 

Four magnet-unit mounting-screws 
and four magnet-unit adjusting-
screws are provided to locate the 
magnet-unit on the machine base in 
the correct horizontal and vertical 
position. A magnet-unit adjusting-
bar and its adjusting-bar-bushing as
sist in positioning the magnet unit 
in the correct lateral position. Inas
much as any one of the following ad
justments affects the other, it will be 
necessary to locate the magnet unit 
horizontally, vertically, and laterally 
in one operation. 

HORIZONTAL ADJUSTMENT 
A. Remove the platen roll and 

bearings. 
B. Trip several magnet-unit stop-

pawls at the front, middle and rear 
of the machine so they will engage 
in the number 6 type bar tooth and 
stop the type-bars to print a 6. 

C. Hold a straight edge squarely 
against the platen bearing casting 
surface. The projected plane of the 
casting surface should just coincide 
with the horizontal line of the "4" 
type character (standard and pin 
type). The above condition is ob
tained by tilting the magnet unit 
evenly and squarely to the left or 
right. To tilt the unit to the right, 
raise the two left-hand and lower the 
two right-hand magnet-unit adjust
ing-screws. The reverse operation 
will tilt the magnet-unit to the left. 

TJ 'nasmuch as friction normally 
holds the type-bars against the stop-
pawls, manually position the type-
bars against their stop-pawls for each 
test operation. 

VERTICAL ADJUSTMENT 
At the same time the horizontal 

adjustment is being made, the same 
tour adjusting screws should position 

the magnet unit so the latched stop 
pawls will clear the type-bars. .010" 
to .015". 

LATERAL ADJUSTMENT 
With the four magnet-unit mount

ing-screws loose in their adjusting-
screws, position the magnet-unit lat
erally so the stop pawls line up with 
the type-bars when looking down 
from the top. Tighten the magnet-
unit mounting-screws. Locate the 
magnet-unit adjusting-bar with its 
adjustable-brushing so the magnet-
unit will be held firmly in the correct 
lateral position. Recheck adjust
ments 1 and 2. 

NOTE: After completing these ad
justments, loosen the magnet-unit 
mounting-screws and check to see 
the adjustable-bushings are adjusted 
evenly so as not to twist or bind the 
magnet-unit. 

R E M O V A L  

P R O C E D U R E  

Magnet Unit (Figure 21) 

1. Remove magnet-unit adjusting-
bar screw. 

2. Remove 4 magnet-unit mount
ing-screws and the unit can be re
moved from the bottom of the ma
chine. Do not loosen the magnet unit 
adjusting screws. 

C I R C U I T  B R E A K E R S ,  
C A M  C O N T A C T S  

A N D  R E L A Y S  

Preventive Maintenance 
and Lubrication 

THE circuit breakers (2) are both 
timed to make at the line of index. 
Circuit breaker cams make two revo
lutions per card cycle. 

SEE the reference manual section on 
Circuit Breakers, Cam Contacts and 
Relays. 

Adjustments 

SEE the wiring diagram and timing 
chart associated with the particular 
machine. 



& 

Adjusting 
Screw 

Magnet 
Adjusting Bar 

Adjusting Bar 
Bushing 

Magnet Unit 
Mounting Screw 

Figure 21. Locating the Magnet Unit 
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INTERPRETER 
DESCRIPTION 

The interpreter is a machine for printing numerals on the top of the tabu
lating card corresponding to the holes punched in the card. That is, if a five hole 
is punched in any particular column, a five will be printed directly above that 
column or above any column desired according to the plugging. 

By an arrangement of plugging, it is possible to print either zero (0) or ten 
(10) for a hole punched in the zero position of card. 

The plugboard on this machine is located in the front and right and left^ in 
the following instructions means right or left facing the plugboard. The feeding 
mechanism is located at the left and the start and stop key just to the right of 
the feeding mechanism. The main switch is to the left of the plugboard and 
must be turned "ON" before the machine is operated. The stacker is located at 
the right hand end of the machine. The fuses are located in the rear of the 
plugboard to the left. 

The feeding magazine has a capacity of approximately 900 cards. The stacker 
will hold approximately 800 cards, however, it is not advisable to allow more 
cards to accumulate in the stacker than can be conveniently removed with one 
hand. 

Cards are placed in the feeding mechanism face down, top edge first. 

GENERAL 
Card—The Interpreter is furnished to accommodate cards of the following 

capacities: 
For cards 5-5/8"—5/32" 
For cards 7-3/8"—5/32" 
For cards 7-3/8"—3/32" 

(34 column) spacing. 
(45 column) spacing. 
(SO column) spacing. 

Speed—This machine operates at a speed of approximately 75 cards per 
minute. 

Current Requirements—The Interpreter operates on direct current 110 or 
220 volts, and consumes 5.0 amperes for starting and 2.5 amperes for running 
loads at 110 volts. 

Dimensions—Length—37". Width-—22". Height—4 7". 
Weight—Packed for shipment 590 lbs., unpacked 468 lbs. 

OPERATION 
The arrangement of plugging is as follows: The two upper rows of plug 

hubs represent the printing columns and should be wired to the next two lower 
rows of plug hubs which represent the columns of the card. This makes the 
machine flexible so that it is possible to print the figures punched in any column 
on the card in any position desired across the top of the card. 

Directly below the hubs just described are located two rows of hubs and 
one set of special fibre plugs which should be inserted in all column positions 
of one row of hubs or the other as the machine will not function correctly if 
removed entirely. This plugging makes possible the printing of zeros (0) or 
tens (10) for the holes punched zeros. When inserted in the bottom row of hubs, 
zeros will be printed and when inserted in the next row above, tens will be printed. 

PRINTING SET UP FOR ZEROS 
This machine is equipped with a printing mechanism of a solid bank of type 

and the printing fields must be separated according to the fields on the card so 
that the zeros will only be printed in columns to the right of figures where desired. 

If these printing fields are not separated zeros will be printed in all columns 
to the right of figures, either where no numerals appear or for columns not 

P'USLocated between the third and fourth rubber feed rolls are two long upright 
locking levers, (one at the front and one at the rear of the machine). These lock 
the zero lever set up and must be depressed toward the stacker during the time 
the zero lever set up is being made. 

The printing column index and zero levers are located between the second 
and third rubber feed rolls. All these levers should be in their right hand position 

Printed in U.S.A. Page 1 
Form 22-8311-0 
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han Cards are placed in the feeding mechanism face down, top edge first. 

GENERAL 
Card-The Interpreter is furnished to accommodate cards of the following 

capacities: por cards b_B/8"—5/32" (34 column) spacing. 
For cards 7-3/8"—5/32" (45 column) spac ng. 
For cards 7-3/8"—3/32" (80 column) spacing. 

Speed—This machine operates at a speed of approximately 75 cards per 

Turrent Requirements-The Interpreter running 
220 volts, and consumes 5.0 amperes for starting and 
loads at 110 volts. 

Dimensions-Length—37". Width—22 . Height— 47 . 
Weight—Packed for shipment 590 lbs., unpacked 4 

OPERATION 
The arrangement of plugging is as f°h"°^d'beTwired "oThe next two lower 

hubs represent the printing columns and shouldI bet card Thls makes the 

machine flexible thatft "poSble to print the figures punched in any column 
on the card in any position deslred acro.®s dh® a° m°atedetwo rows of hubs and 

Directly below the hubs just described column positions 
one set of special fibre plugs which not function correctly if 

removed°«it°rely? This plugging tSTj'LZ r.'Si s&szzssssa ss s - —- - « - • 
PRINTING SET DP FOR ZEROS 

This machine is equipped^ith.* prying car 
and the printing fields must be separate right of figures where desired, 
that the zeros will only be printed m columns to the righ : ot M ^ ^ coiumns „ """ " 
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toward the stacker with the exception of the levers for the first column of each field 
and they should be to the left toward the feeding mechanism. 

To make zero lever set up proceed as follows: Move the locking '^ers locat 
between the third and fourth feed rolls toward the stacker and move the individual 
zero lever for the first column of each field to the left or toward the feeding 
mechanism. That is, if one field occupies column 15 to 20, move column 15 zero 
lever toward the feeding mechanism which would prevent the preceding field 
carr^ing zeros into the field occupied by columns 15 to 20. After set up has been 
completed release the locking levers making sure they return to their extreme 
left hand position to lock the zero levers. 

It is not possible to suppress the printing of zeros in single column fields 
where a number of single column fields are adjacent. . 

After the set up has been completed place the cards in the feeding mechanism 
and depress the start key. The information punched in the fields of the card will 
then be printed directly above that field or above another field if desired and then 
placed into the stacker face down. 

CYCLE OF OPERATION 
Two card feed knives oscillate by means of an internal cam driven from the 

worm gear housing. These feed knives pick a card from the bottom of the pack 
in the magazine and carry it to the two sets of feed rolls which serve to carry the 
card thru a contact roll feed. As the card passes thru the contact roll feed, contact 
is made thru the punched holes. This forms a means of completing the circuit 

thrUAsetherlcar(T start? under the brushes, the printing crosshead starts forward. 
The printing crosshead is operated by a second internal cam and timed so that 
the type bar stop pawls overlap the type bar teeth 1/32" when contact is made 
thru the corresponding punched holes in the card. . 

The type bar stop pawls are unlatched to stop the travel of the type bar by 
the print magnet armatures. The print magnet armatures are attracted by the 
print magnets when they are energized by the circuits thru the punched hole in 

the cj^d^he card Ieaveg the £econd set of feed rolls, it is advanced by two large 
feed rolls, operating against two small idler feed rolls. The large feed rolls are 
operated by an intermittent gear. The card advances until the top of the printing 
position is directly under the center of the platen roll and then stops. The cross-
head is at this time at its extreme forward position and at rest. This external 
cam is also operating on the same shaft as the crosshead internal cam. This 
external cam is for tripping the printing hammers. It is so timed that the 
hammers trip when the crosshead and the card are at rest, or immediately after 
the intermittent feed rolls stop. The hammer trip cam is also designed so that it 
positively pulls the hammers away from the type tails. Immediately after the 
hammers have been tripped, the Intermittent gear again operates to drive the 
large feed rolls and causes the card to go forward to the rubber feed rolls which 
carry it into the stacker. 

DRIVE 
The machine is driven by a 1/4 h.p. motor. The motor is connected to the 

drive shaft by a "V" belt. The drive shaft is provided with a clutch which prevents 
the machine from being turned backward. 

The main drive shaft is connected to the feed roll worm by helical gears. 
The feed rolls are similar and driven in much the same manner as the feed rolls 
on the horizontal sorter. 

The worm housing is the main link in the drive mechanism. It contains two 
worms, two worm gears and intermittent gears. Attached to the one worm gear 
is a shaft on which is located three cams, viz. internal cam for operating tne 
crosshead, external cam for tripping the printing hammers, and the external cam 
for operating the knockoff. The two contact cams are also located on this shall. 
The other worm gear operates the internal cam for the card feed knives. The 
intermittent gears operate the large feed rolls which interrupt the travel of tne 
card during the time the hammers are tripped. 

INDEX 
The outside perimeter of the internal cam for driving the card feed knives 

Page 2 
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has scribed on it marks which make a very effective index. The markings are as 

f°n°i2 and CC which coincide. 11, 10. 1. 2, 3, 4, 5. 6, 7. 8. 9, KC, KF and HC. 
The numbers are for the diffrent positions on the card. CC is for the timing 

of the Crosshead cam. The hole in the crosshead cam should be away from the 
feed and in a horizontal plane with the center of the cam shaft when the pointer 
is at CC on the index. 

KC is for timing the knockoff cam. The hole in the knockoff cam should 
be away from the feed and in a horizontal plane with the center of the knockoff 
cam shaft when the pointer is at KC on the index. 

IF is for the intermittent feed timing. The intermittent feed roll should stop 
when the pointer is on the IF position of the index. 

HC is for the timing of the hammer cam. The top of the hammer trip cam 
should be toward the stacker and in a horizontal plane with the center of the 
shaft when the pointer is at HC on the index. 

FEEDING MECHANISM 

The feed of this machine is very similar to the feed of the Horizontal Sorter, 
namely, two card feed knives oscillate by means of a crank shaft to pick a card 
from the bottom of the stack and carry it forward to the feed rolls. The card 
feed knives should be timed so that there is 2-23/32" from the card feed knife to 
the edge of the first feed roll at "2" on the index. Obviously the knives are on 
their forward stroke and the back lash is removed. 

The throat knife and throat block should be adjusted so that an .008 and not 
a .010 thickness gauge will pass through the opening three ways. To obtain this 
adjustment proceed as follows: Raise the throat knife slightly and move the 
throat block until its point is directly in line with the outside surface of the throat 
knife then tighten the throat block adjusting screw. Next move the thxoat knife 
down until the .008 and not the .010 thickness gauge will go through the opening 
horizontally. Then set the throat knife adjusting screws. If the throat block and 
throat knife has been properly set, the .008 and not the .010 thickness gauge 
will pass through the opening (1) horizontally, (2) at an ausle °jh * tVlo 
degrees, and (3) should follow through when held down on the radius of the 
throat block. 

The card feed knives are adjustable and should be set evenly on each side 
for the projection of .004 to .0045. A gauge is provided with two notches in it 
at opposite ends, one notch is marked "Go" and is cut .0045 deep andI the^°PP°s"e 
end is marked "No Go" and cut .004 deep. When adjusting the card feed knives 
it is necessary to first remove the card magazine guides and then loosen the 
clamping screws that hold the knife in place and turn in or out on the adjusting 
screw as the case may be to raise or lower the feed knife. If the knife is properly 
adjusted the "Go" end of the gauge will pass over the feed knife on either side 
and the "No Go" end will not pass over the projection. The knife must Pr°^ct 
evenly all the way across and it is obvious that both knives must be adjusted alike. 

Installing New Set of Brushes—Install each brush for 1/8" projection from 
the heel of the brush to the face of the brush plate. Move^he.bru®hl^° 
or down until the brushes line up with the scribed line on the brush plate. T e 
brushes should remain in alignment with the scribed line on the brush plate 
all times, the card is then timed to the brushes. 

Timing Card to the Brushes—Loosen the card feed knives connecting link 
lrok nuts and adjust the connecting link until the card knives feed the card so 
that the brushes make contact 1/32" before the scribed line on the index. Check 
the timing of the brushes with a card punched "1" in all columns and make sure 
lock nuts are tightened after the correct timing has been obtained. 

NOTE: Place one lead of the test set on the impulse distributor the other 
lend to be connected to, a brush plughub. Turn the machine until the test set 
liebts and check each brush position at this point. All brush circuits must be 
onmpleted at 1/32" before the scribed line on the index. Check the breaking point 
nu the distributor and see that all brush circuits are still complete after the 
distributor brushes have passed the corresponding segment. 

Page 3 
Printed in U. S. A. 



4-1-42 
MECHANICAL ENGINEERING INSTRUCTIONS EAM SECTION 550 

CARD GUIDE SLIDE ADJUSTMENTS 

The lower guide slide or brush Plate should^be °us ^follows, 
the brush plate is in the proper relatio . b l ets an(j move in elongated 

BT.S S ««. ™- -

- , ,  - ="HHSs'S== r.— 
which turn against the adjusta looSening one and tightening the 

are in correct registration with the card gauge. 

INTERMITTENT FEED ROLLS 

will feed straight. RUBBER FEED ROLLS 

Adiust the rubber feed roll tracks by loosening the holding screwsi and 
adjusting the stop screws until the cards feed straight and are not marked by 
the tracks These should be adjusted very carefully and accurately. 

STACKER 
Adjust the stacker so the top of the cards will remain approximately 1-1/2" 

below the card line at all times 
PLATEN 

The platen is of the cylindrical form and loose to revolve w® the card B° 
that each impression will be in a different position. Check to see that the platen 
is free from any binds. 

RIBBON FEED MECHANISM 
The ribbon feed mechanism is standard except that the feed pawl is now 

ndvanned bv an eccentric attached to a worm gear. The worm gear is the same 
M the feed TOU worm gear and operates from the same shaft. In this way the 
rfbbon i JosiUveTy advlnced each cycle. The ribbon feed drive gear should be 
timed so the ribbon is at rest when the hammers trip. 

PRINT MAGNET UNIT 
This unit is arranged with 45 stop pawls in one solid bank. The st°P P^'" 

a Tstlhps ere oositively returned to their latching position by a mechanical 
r^tch and knockoft bar at the end of the printing cycle. The adjustments are as 

follows: buckles so that there will be .010" to .015" prcferatily 
010" 'clearance between the stop pawls and latches when the armatures 

a t t r r i S - P  overlap its latch 

• 0 2 0 " 3 t O T 0 h 2 e 5 " k ^ e c k o r « b ^ n d 0 a ^ u ^ t n  r e l a t i o n  t o  e a c h  
- . a jLict the eccentric studs (one on each side, two adjust g 

other ^ .^"o^bthingl by loosening one screw and tightening the other so 
screws for each bushmg^y bar drives the stop pawls past their latching 
that when operated the r knockoff bar should have 1/64" clearance to 
itches. Bot/Lrfshould strike stop pawls and latches evenly all the way 

across. knockoff bar backstop screw so that when released in its 
normal JSSSn^erfwm'be a clearance of 1/16" between the knockoff bar and 
the stop pawl latches. 
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PRINT UNIT 

This unit oscillates each card cycle by means of a cam and levers. The unit 
Is guided and held rigid by bearings sliding over stationary guide bars. 

The type bars are driven in one direction by the type bar carrying pawl 
and springs until stopped by the stop pawls. When the type bars are stopped the 
carrying pawls are moved out of position and the carrying pawl slides over the 
type bar. Type bars are positively returned by the crosshead returning to its 
normal position. .1011 

The type bars are equipped wifh 13 type and one blank as follows. 13, 11, 
10, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, blank. 

It will be readily seen that ten will be printed for a hole punched zero if a 
circuit is completed through the print magnet which is determined by the plugs 
being inserted in the second row of hubs from the bottom. If this circuit is 
opened at the zero position by the plugs being in the bottom of the plug hubs then 
zeros will be printed mechanically by the zero pawls. 

ADJUSTMENTS OF PRINTING LAP 

Note: These adjustments must be made in the following procedure or one 
adjustment will affect the adjustments previously made. ^ 

1. Remove the platen roll and bearings. Adjust the type to strike the 
center of the platen roll by tilting the magnet unit with four adjustable bushings 
located at the bottom. Lower the two left hand bushings and raise the two right 
hand bushings or vice versa he same number of turns each so that the type bars 
are stopped with the center of type to be printed 3/8" from the edge of casting 
that supports the bearings for the platen roll. Use straight edge and measure 
to center of type at both the front and rear of the printing unit. 

2. Move the magnet unit up or down for a clearance of .010 to .015 between 
the type bar teeth and the stop pawls even all the way across when they are 
latched. This is obtained by turning all four bushings in the same direction with 

Note: This'adjustment must be made very carefully so that it will not disturb 
it 1 adjustment . 

3. With the adjustable bushings on the front side plate of the magnet 
unit, move the magnet unit to the front or rear so that the stop pawls line up 
with the type bars when looking down from the top. 

NOTE: After making adjustments 1, 2, and 3 loosen the magnet unit holding 
screws and check to see that when tightened the bushings are adjusted evenly so 
as not to twist or bind the magnet unit. 

4. Move the zero stop pawls in elongated holes by loosening the two screws 
in each end of the assembly until the zeros are printed in alignment with the 
numerals. Test by punching a card alternating eights and zeros all the way 

NOTE: The locking levers (one at the front and one at the rear) which 
lock the zero pawls set up should be adjusted by loosening the two holding 
screws in each lever and move in elongated holes until the locking bars rest 
evenly against the zero pawl levers all the way across and at both ends. Check 
to see that the locking levers do not touch feed rolls. 

5. The printing crosshead is driven by two links in which are eccentric 
bushings determining the overlap of the stop pawls and type: bar teeth at the 
numerical line on the index. These eccentric bushings should be adjusted as 

follows. Looggn the lai.ge pivot screw set screw on the under side of the recipro-
notine bearings so that the pivot screw may be loosened. 

B. Loosen the large pivot screw until the eccentric bushings are accessible. 

(Do ^ot^Remove^ Enhrely)^^^ bushlng locking screws so that the eccentric 

bushings may be adjusted. 
D Turn the machine to "5" on the index. 
E Adiust the eccentric bushings so that the stop pawls overlap the #5 

•nnth on the type bar 1/32" with the high side of both eccentrics together. 
NOTE: Check to see that both of the eccentrics are adjusted evenly and 

•no-ether so that the printing crosshead will not bind on the guide rods. 
S p Check the stop pawls for 1/32" overlap on the type bar teeth at both 

"11" and "8" the same as at "5" on the index. 
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ADJUSTMENT OF ARMATURE KNOCKOFF LEVER 
Adjust the pivot points of the knockoff lever up or down in the elongated 

holes so that the relatch bar will have sufficient travel on the high point of its 
cam to drive the stop pawls 1/32" past their latching points. At this same time 
check knockoff bar to see that it has 1/64" clearance to stop pawl latches and 
does not bind. 

HAMMER BAIL AND SPRINGS 
The hammer bail trip is not adjustable' for timing and needs never to be 

changed. The hammer bail springs are provided with links with four holes for 
adjusting. Set the links over the studs in one of these four holes until a good 
impression is obtained. Make sure both sides are adjusted to have the same 
tension. 

ADJUSTMENT OF RELAYS 
Card Lever Relay—This relay has standard adjustments, Namely: .012" 

clearance between armature and cores when attracted and .012" air gap between 
contact points when de-energized with medium tension on the armature spring. 

Motor Relay—This relay is adjusted to have .012" clearance between the 
armature and cores when attracted and 1/16" air gap between the contact points 
when de-energized with heavy tension on the armature return spring. 

TIMING OF IMPULSE DISTRIBUTORS 
The two impulse distributors are used for completing the circuits through 

the holes in the card. They are timed to complete the circuit just after the card 
brush makes contact through the hole in the card and to break the circuit just 
before the card brush leaves the hole in the card. The card brushes are timed 
1/32" before line on index and impulse distributors at line on index. The brushes 
of impulse distributors are connected in series and must be timed with a test 
light so that the arc will be equally distributed between the four brushes when 
the machine is in operation. 

The impulse distributors are driven so that they make two revolutions each 
cycle, one revolution on the cards and one between the cards. The card lever 
contact keeps the circuit open for one revolution of the impulse distributors. 

PURPOSE AND TIMING OF CAMS AND CONTACTS 
The purpose of the motor cam contact is to overlap the break in the card 

lever contact and is timed to break at "5" on the index. Standard adjustments. 
The purpose of the zero cam contact is to open the print magnet circuit 

during the time the card is under the brushes at the zero position to eliminate 
the printing of tens, elevens and twelves when not desired. Time so that contact 
will open approximately 1/4 point before "12"'on the index and close 3/4 point 
after "10". 

WIRING DIAGRAM 
Figure 102179 is a complete wiring diagram of the Interpreter. There are 

two relays in the machine, the motor series relay and the card lever relay. The 
motor series relay prevents starting the machine by any other method than the 
start key. The card lever relay contacts overlap the break in the cam contacts 
and keeps the motor running as long as the cards are feeding. 

The printing circuit is very simple. It is as follows: 
From one side of the line, card lever contact, impulse distributor, common ) 

contact roll, brushes, plugwires, resistance, print magnet and then through one of 
the two parallel circuits, depending on whether the machine is plugged to print 
zeros or tens. In one of these parallel circuits is a cam contact which opens the 
circuit 3/16" before zero on the card or 10 on index and closes it 3/16" before 
"2" on index. When the machine is plugged to eliminate printing tens, the brush 
making contact through the zero hole will not complete its circuit as the cam 
contact is open, therefore the type bar will not stop at the 10 position and zero 
will be printed mechanically. 

In the other parallel circuit, a circuit is completed through the zero hole in 
the card and ten is printed. 
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OILING INSTRUCTIONS 

1. Crosshead bearings are provided with oil wells and wicks. Keep oil wells 
filled with bearing oil at all times. 
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2. The feed rolls should be oiled at least once each month 
3. Connecting rods for crossheads should be oiled at least once each month. 
4. Motor should be oiled at least once each month. 
5. Oil all cam rollers once each month. 
6. Oil crosshead rocker arms once each month. 
7. Oil worm shaft once each month. 
8. Apply graphite to helical gears and worm gears once each month. 
9. Keep worm housing filled up to bottom edge of worm gears with heavy 

motor oil or 600-W. 
10. Lubricate gears in housing at the right hand end of horizontal shaft with 

motor bearing grease. 
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ALPHABETIC INTERPRETER 
The Alphabetic Interpreter Is used to print, on the face of a tabulating card, 

the interpretation of both the alphabetic and numerical Information punched in 
the card. 

GENERAL DESCRIPTION 
The general appearance of the machine is somewhat similar to that of the 

Automatic Reproducing Punch, and it is approximately the same size. 
The feed, which is of the horizontal type, is located at the right end of the 

machine. The stacker is located directly below the feed, and stacks the carde 
horizontally. 

The main line switch and the start and stop keys are located on the front of 
the machine below the stacker. 

The automatic plugboard is situated under the cover of the lower right end of 
the machine. Underneath the plugboard are located the motor terminals, and 
the variable resistance governing the output of the generator. 

The front cabinet contains the fuses, the G. E. motor relays, the condensers, 
and the binding posts. The rear cabinet contains the MCR and the duo relays. 

The drive motor is located at the left end of the lower base, and the motor 
generator is on the right end of the same base. 

The machine Is mounted on casters. 
Current 

The machine is equipped with its own motor-generator, and, therefore, may 
be specified to operate from either 110- or 220-volt alternating or direct current. 
The motor-generator supplies the necessary 40-volt direct current for the opera
tion of all the electrical units of the machine with the exception of the drive motor. 

The starting and running current for the drive motor and generator motor is 
as follows: 

Amperes 
Start Running 

C. 
Voltage 110 220 110 220 

D. C. 22.0 11.0 3.6 1.8 
A. C. 60 Cycle Single Phase 27.0 13.6 10.0 5.0 
A. C. 50 Cycle Single Phase 27.0 13.5 10.0 5.0 
A. c. 25 Cycle Single Phase 26.7 12.0 7.0 4.6 
Machines are equipped with a signal light, which glows when the generator 

Is delivering the proper voltage. The start key should not be depressed until 
this light glows. This light is located on the front of the machine near the main 
line switch. 
Speed 

The machine operates at a speed of 60 cards per minute, regardless of ths 
number of columns interpreted. 
Card Column Capacity 

The machine is furnished for SO-column cards only. 
The feed is similar to that of the Horizontal Sorter. The cards are placed 

In the feed hopper face up, and with the top edge (12's) toward the throat. 
The approximate capacity of the feed hopper is 700 cards, and that of the card 

stacker 900 cards. 
The machine is designed to automatically stop if the supply of cards in the 

feed becomes exhausted, a card fails to" feed, a jam occurs in the machine, or the 
stacker fills to capacity. 
Bijur System 

This machine is equipped with a standard Bijur lubricating system. The 
pump is located under the base at the left end of the machine, and is accessible 
through the left end cover. Directions for the proper care and servicing of this 
lubricating system are identical to that of the system on the ATPS machine which 
is fully explained on Pages 69 and 70 of TM Section 405 of the Customer Service 
Manual of Instruction. 

Printed in U.S.A. 
Form 22-8444-0 
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IBM Lubricant No. 9 (SAE 30 oil) should be used in this system. The lubri
cator should be operated once per week, preferably at the time the machine is 
started on Monday morning. In cases where the machine is operated more than 
average it may be necessary to operate the lubricator more than once a week. This 
should be left to the discretion of the individual serviceman. 

This system reaches all oiling points with the exception of the ribbon operat
ing arms, the feed knife assemblies, and the motor and generator. 

Dimensions 
Length, 34"; Height, 50"; Width, 20". 

Weight 
Packed, 1120 Lbs.; Unpacked, 776 Lbs. 

FUNCTIONS 
The machine is capable of printing on the face of a tabulating card the inter

pretation of both alphabetic and numerical information punched in the card. 
The printing capacity is sixty characters in a row. Figure 1 shows the relative 

position of type to column. Each printing position is capable of printing either 
alphabetic (A to Z) or numerical (0 to 9) characters. These characters may be 
positioned along the top of the card above the 12's position or between the 12's and 
the ll's positions. The printing position is controlled by means of the printing-

C.S.D 683 

S5 S 3 Si cr> 
«* * A 

S|«s ? 

i l l  iui 

S3 

iihii 111(11 II unm 

SHOWING RELATIVE POSITION Or TYPE TO 
COLUMNS 80-COLUMN CARD 

Fig. 1 

position locating knob, which operates similar to the locating knob on the Numeri
cal Interpreter 

If sixty columns of interpreted information are sufficient, the printing can 
be accomplished in one run. If more than sixty columns of the card are to be 
interpreted, it is necessary to run the cards through the machine twice. It is 
obvious that when it is desired to interpret more than sixty columns, the balance 
will have to be interpreted in the second printing position and the plugboard re
wired. 
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As the machine is not equipped with a mechanical zero printing device, all 
zeros punched to either the left or to the right of a significant figure will be printed 
providing those positions are plugged to the type bars. Unpunched card columns 
will not be interpreted. 

If it is desired to Interpret a "0" hole as a "10," or to Interpret a 11 or a 
"12" hole, or any special character punching, the type bar assemblies must be 
equipped with special type. 
6witches, Keys and Printing-Position Locating Knob 

The main-line switch is located on the front of the machine below the 
stacker. It is of the circuit-breaker type, and if for any reason this switch be
comes overloaded, it will automatically open the line circuit. NOTE: There is a 
chart on the wiring diagram showing the proper thermal units to be used in this 
switch. 

The stop key is located to the right of the main-line switch, and the start 
key on the right of the stop key. These keys perform the functions their names 
imply. . , 

The printing-position locating knob protrudes through the rear cover in line 
with the feed hopper. It is operated by first pulling it outward in order to unlock 
it and then turning it to the desired position. When the knob is turned to the 
right, it positions the card for printing between the "12" and "X" positions. By 
placing the knob to the left, it positions the cards for printing along the top posi
tion above the "12's." A positioning indicator is incorporated on the latest ma
chines to indicate in what printintr position the locating knob is in. 
X-Eliminator _ 

Each machine is equipped with a device to suppress the sensing of "X" and 
"12" impulses from fields that contain numerical information. This device is 
standard equipment, and consists of one twelve-position MCR, of which only ten 
positions are used. 
Class Selectors 

The machine can be equipped with one or two class selectors. Class selectors 
on this machine are not standard equipment. 

Numerical information can be field or class selected by the use of class 
selectors. » 

Alphabetic information cannot be field selected, but the use of class selectors 
In conjunction with X-eliminators allows the selection or suppression of printing 
positions. 

PLUGBOARD AND METHOD OF PLUGGING 
The plugboard is a single-panel automatic plugboard. The plug-hubs are 

clearly marked, and by referring to Fig. 2, they can be readily understood. 
Interpreting Alphabetic or Numerical Data 

Plug from the desired "Reading Brush" hubs to the desired "Type Bar" hubs 
Interpreting Numerical Data and Eliminating on "X" Punching. 

When it is desired to interpret numerical data, and the field contains "X" 
punchings, it is necessary to eliminate the "X" impulse in order to obtain the 
correct interpretation. The method of plugging is as follows: Plug from the 
desired "Reading Brush" hub to a "Common" hub of the "X-Eliminator." Plug 
from the corresponding "0-9" hub of the "X-Eliminator" to the desired "Type 
Bar" hub. Plug the "X-Elimination" switch "ON." 
Class Selection of Alphabetic Data 

Alphabetic fields in the card cannot be class selected, but type bars can be 
selected by means of the following plugging: Plug from the desired "Reading 
Brush" hubs to any desired "Common" hubs of the "X-Eliminator." Plug from 
corresponding hubs of the second row of "Common" hubs of the "X-Eliminator" 
to the desired "Common" hubs of the "Class Selector." Plug from the correspond
ing "12 and 11" hubs of the "X-Eliminator" to the desired "Type Bars" plug-hubs. 
Plug from the common corresponding "Type Bars" plug-hubs to the correspond
ing "Controlled" hubs of the "Class Selector." Plug from the corresponding "Nor
mal" hubs of the "Class Selector" to the desired "Type Bars" plug-hubs. Plug 
from the "X" hub of the "Class Selector" to the desired "Reading Brushes" hub. 
Plug the "X-Elimination" switch "ON." 

Printed in U. S. A. Page 3 
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CS.D. 703 

Fig. 4 

.005" feeler gauge between te follower and the cam as shown In Fig. 4. Continue 
turning the machine over by hand until the feeler gauge assumes an absolute 
vertical position as shown at "C." Check this position by measuring from the 
feeler gauge to the print unit as illustrated. At this point the index should be 
at 210°. 

Contact Drum Cam—Fig. 5. 
With the index set at 60°, the contact drum cam "A" is pinned to the shaft 
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BO the scribed line "B" will be against the contact drum cam roller "C" in line 
with the center line "D" of the operating rack assembly. 

Note: Correct timing will cause the card to be advanced % In. every 7% 
degrees from 108 degrees to 168 degrees. 

An incorrect adjustment of this cam will make it impossible to obtain the 
specified timing for the brush assembly in relation to the selection circuit breakers. 

Cam Shaft Assembly" 
This shaft is located at the left end of the machine, and receives its motion 

from a vertical shaft driven by the horizontal drive shaft. The drive gear, on 
the rear end of the shaft, can be adjusted in relation to the shaft a portion of 
a tooth by means of the four screws on the gear. If it is necessary to move the 
shaft more than a portion of a tooth, it will then be necessary to remove the 
bearing caps and unmesh the drive gear and turn the shaft as required. 

Reading from front to rear the cams are as follows: 
1 and 10 Restoring Bail Cams. The purpose of these cams is to restore the 

type bars to their normal position. 
2 and 9 Zone Carrier Cams. These cams control the type bar travel during 

selection time through control of the zoning bail carriage. 
3 and 8 Magnet Unit Restoring Cams. These cams and the respective zone 

carrier cams are one piece. These cams restore the magnet unit to its normal 
setting after zoning and after selecting. 

4 and 7 Restoring Bail Complementary Cams. These cams govern the travel 
of the print unit restoring bail on the down stroke. 

5 Zone Ball Cam. This cam controls the zoning bails for their motion "In" 
(under the type bars) and "out" (clear rZ the type bars). 

6 Pin Bail Operating Cam. This cam operates the pin bail, placing the drive 
rods in either the zoning or the selecting position. 

The cam shaft is timed at the factory, but in case of removal, it will be neces
sary to re-time it to the machine as follows: Remove the head of the print unit. 
With the end type bar deposited on the numerical zone bail and the machine set 
at 100°, the type bar should have moved downward 3/32" when the machine is 
turned to 115%°. Fig. 6. 

Note: The ball bearing housings of this shaft are similar In appearance, but 
they differ in construction. One contains a simple ball bearing with no thrust 
provision, while the other is designed to take care of the thrust of the cam shaft 
drive. . , _ 

It is, therefore, important that these bearing housings be correctly replaced 
on the shaft after they have been removed. The thrust bearing housing is on the 
front end of the shaft, and the plain ball bearing housing is on the rear end of 
the shaft. In case these housings do not have identification marks, we advise you 
to mark them in order to be able to correctly identify them. 
Magazine Front Plate 

Only the magazine front plate is adjustable, and it is adjusted for .008" to 
.010" clearance over the length of the card. This adjustment is obtained by means 
of adjustable bushings. 

Card Feed Knife Assemblies Fig. 7 
The card feed knives should be adjusted for a .004" to .0045" projection. 
The card feed knife holders should be adjusted by means of the adjusting 

screws "A" so they feed the card in straight. Check to see that on the back 
stroke, the knives travel 1/32" beyond the edge of the card. 

Card Feed Knife Crank Shaft Coupling—Fig. 7 
The card feed knife crank shaft is a split shaft connected by means of a 

couplying "B" directly under the card feed bed. The purpose of this coupling is 
to properly time the feeding of the card. The timing is as follows: Set the print
ing locating knob to print in the upper position. Place a card in the feed and 
turn the machine over by hand until the top (leading) edge of the card is %" 
below the center line of the contact drum "C." At this time, the machine index 
should be at 185°. To advance or retard the feeding of the card in order to 
obtain this correct timing, the coupling is adjusted by means of loosening the set 
screws "D" and turning the shaft accordingly. 
Printed in U. S. A. PaBe 9 
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C.S.D. 708 

V 
BAIL POSITION AT 100°(APPROX) 

BAIL POSITION AT //5j (EXACTLY) 

Fig 6 

Throat Knife and Throat Block 
The throat knife and the throat block adjustments are standard. They should 

be adjusted so an .008" and not a .010" thickness gauge will pass through the 
•opening in the three standard ways. 

Card Guide 
There are four card guides similar to the two upper card guides on a sorter. 

They are attached to the magazine back plate and are adjusted by bending. They 
are adjusted for a clearance of .012" to .020" between them and the lower guide 
plate. 

Brush Assembly—Fig. 8 
The brush assembly is composed of 80 three-group brushes, and it differs 

from other brush assemblies in that it is fitted with a grooved dilecto roll which 
acts as a brush guide and a feed roll. 

The brushes are inserted in the holder until the end of the ferrule is flush 
with the edge of the holder. The holder is moved in the assembly until the 
clamping screws "A" are centrally located in the slots and then tighten the clamp
ing screws. Install the card brush gauge (Part #178027) on the assembly as 
shown with the studs "B" firmly against the card plate "C." Pull the brushes 
back individually until one strand at the heel of each brush drops off the edge of 
the bar. Tighten the brush clamping screws. This procedure results in the cor
rect brush projection of %" 
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touches the ratchet and then back^ g nce between it and the pawl. If 

for'a^y'reason6the back stop screw is removed from the unit, be sure to replace 
spring "F" when replacing the screw. 

locked by the retainer s machine The brake should be adjuste 
upon and vary with> «ie speed of the machme. ^ of the drUm. 

fb°urt rtinrrtoomuch r̂sr to caPuse a twisting of the shaft. 

Ribbon Shields-Fig. ® ^ twQ ribbon shieids_an upper and a lower. 
The machine is equ pp ^ the contact drum towards the print unit. 

These shields are 1°cate^ ? ld are t0 guide the card and to prevent the "tibin 
The purposes of these sh shield is stationary while the uPPer shle' 
from smudging the card. 1 allows it to move out of the way of the type 

£r£22==M=' - - - - & 
screws "B" are used ° »» ^ when the shi6lds are closed there will be 
sector "C" by means of its; sere ^ shields. check the opening of the shields 
a minimum clearance between t h(jUld not exceed 7/32" »f be und^ 
at the Piling P^on. ™s °Penclo|ed posltion, the edges should be even 

order to^reverd tlf^ cards from striking the edge of the lower shield. 
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KM*,- SrH-Th« «PP« ««« 
below the center of the c°^ct drum two.card thickness. The adjustment 

o!t6the 'shield* "is Controlled by the screwt E which hold this assembly to the side 

frames. 

Magnet Unit—Fig* 10 . . . 
The magnet unit is a removable ^ 

fn*fml^banks" It'is 'also "equipped with tL necessary armatures, drive rods, lever. 

and 7u?d in setting U, both 
pawls. After the magnets r®cel^_. . . t operate their respective zone pawls, 
and operating their drive the selecting 1m-
the unit is then restored to noma P P the 20ning position and then rnU,the * the magnet unit r0d SUide °r Pi" 
bail." The adjustments are as follows. 

The adjustments to be made with the unit off the machine are: 
ir, its de-energized position, adjust the armature stop 

1. With t e arm t ^ ^ inside face of the armature is in 

fott c'rr^^^^ adjusted by bending individually 

t0  ̂Therrshtuld be a .015" clearance between the armature and the lower 

With a ,03" and not a 

005 gauge between the iower core: and J e — ̂  ̂  ̂ ̂  

per core^md ^lus*armSure when the armature is attracted and against the lower 

Be sure to check the armature for freedom of movement after obtaining 

adjustments by bending. nrtinsting screw "E" until the armature 
6. Adjust the armature adjusting^ ^ armature stop when the 

knockoff bail returns th® "^"osition Care should be exercised when mak-

armatures.the adjustments are made, the unit should be installed in the 

machine according to the following procedure. 

,. Remove the 'T.reT^M lob. of U» «,». b.l, „m« 

- ^ — -  -
levers. ^ ̂  ̂  ̂  ̂  ̂  magnet unit and move the magnet unit restorer 

lever links into place the operating pin bail levers, slide the magnet 
5. Being careful not P ^ ^ Ug lockjng pins-

Unlti«e0rPthe unit id installed on the machine, the following adjustments are 

made' wv. , , niK" nio" clearance between the magnet unit drive rods aiM 
1. Check for .01 - • th clearance is not sufficient, remove the unit 

the zoning and selecting pawls. If the cieara 
and lightly stone the endsoftherods^ ^ ̂  ^ ̂  ^ ̂  ̂  

2. Adjust the mao^"°"rseition there will be a clearance of 3/64" between 
are in the maximum restoring position, 
the armatures and the drive rod levers. 
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Print Unit 
The print unit consists of sixty type bar assemblies and their zoning and 

selecting pawls, and the hammer unit, which is termed the printing pressure bar 
assembly. The type bar is divided into four zones: namely, reading from top to 
bottom, "R" zone, "X" zone, "O" zone, and numerical zone. Special type may be 
inserted in the blank positions between the various zones in order to print special 
characters. This is an optional feature. 

The printing pressure bar assembly is composed of a row of sixty individual 
plungers which operate against the type tails when the unit is cammed in against 
the type. These plungers are backed-up by a strip of rubber which absorbs the 
shock and holds the plungers in their extended position. This rubber strip should 
be held firmly in place, and if there is any clearance between it and the holding 
assembly, shims should be used to remove the clearance. 

There is no provision on this unit to automatically print O's if no hole appears 
In the card. Only card columns which contain punched information, and for which 
the machine is plugged to interpret, will be printed. 

All of the adjustments of this unit are made with the unit on the machine. 
Before installing the unit check the type bars for freedom of movement, and 
check the friction springs for wear. The adjustments are as follows: 
Fig. 11 

1. Adjust screw "E" so the cam follower roller "F" will ride against the 
cam surface without binding. < 

2. Set the machine at 336° and adjust the restoring bail cam levers by means 
of screws "A" for a .030" to .035" clearance between the zoning pawl and the top 
of the cut in the type bar as shown at "B." This clearance can be checked by 
removing the type bar guide cover plate and turning the machine over until the 
type bars are at their extreme upward limit of travel. At this time, the type bars 
must be pressed down against the restoring bail. Continue turning the machine 
over, and note the distance the type bars travel downward until they are stopped 
by means of their zoning pawls. A .030" to .035" downward movement will result 
In the correct clearance between the type bars and their zoning pawls. This 
adjustment will result in a .005" to .020" clearance between the type bar stop 
pad "C" and the top of the type bars when they are in their extreme upward 
travel. If this clearance is not correct, then the above adjustment will have to 
be re-checked. Check also for a clearance of at least .010" between the upper 
edge of the type bar latch recess and the upper edge of the zone pawl when they 
are at their intersecting position "D." This clearance can be observed through 
the hole in the front casting. 

3. With the machine set at 343" there should be a .010" clearance between 
the type bar and the zone pawl as shown at "A" in Fig. 12. This clearance can 
be observed by looking through the hole in the side of the type unit. Adjusting 
nuts "B" are provided to obtain this adjustment. In order to obtain a .010" clear
ance back off these nuts until the zone pawl is against the type bar, and then 
turn the nut clockwise one complete revolution, as one revolution will result in 
a clearance of .010" Continue the cycle by hand, observing the movement of the 
bars until stopped by the zone bail. All the bars should move downward at the 
same time. This is an indication that both nuts are adjusted in proper relation 
to each other. 
Fig. 13 

4. Adjust the zoning bails so the type bars will overlap the zone bails 1/16", 
"A," when the type bars have been released and deposited on the zoning bails. 
This adjustment is obtained by means of zoning bail link "B." 

5. With the type bar resting on the zero zone bail "C" and the machine is 
at 204°, adjust the zone unit locating bar screws "D" so the zero type bar tooth 
is in line with the selecting pawl. This adjustment results in the proper zero 
printing alignment. A card punched "0" and "8" in alternate columns should be 
run through the machine in order to check the proper alignment. 

6. List lap adjustment. With the machine set at 115%°, adjust the zoning 
carrier lever shaft eccentric "E" until the selecting pawl overlaps the second type 
bar tooth 1/64" as shown at "F." 
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Fig. 12 
7. The printing pressure bar assembly is adjusted by means of its two print

ing cam follower adjusting plates "C." Remove the ribbon and all cards from 
the machine. Turn the machine over by hand, tripping various magnet unit 
drive rods in order to stop the type bars in printing positions. Continue the ma
chine cycle by hand until the high points of the printing cams are fully operating 
against the printing cam follower. At this time the type should be fully de
pressed, and there should be a clearance of 1/64" between the type face and the 
contact drum. This clearance can be observed by sighting through the side 
castings. After obtaining this adjustment, the ribbon should be replaced, and 
cards run through the machine, and the two cam follower adjusting plates ad
vanced, in small amounts, to obtain clearness and even pressure without emboss
ing the card. 

Removal of the Printing Unit 
To remove the printing unit proceed as follows. 
1. Turn the machine by hand until the openings in the zoning pawl restor

ing lever cams are above the rollers of the cam followers. 
2. Remove the locating pins from the side frames. 
3. Remove the restoring bail hinge rod from the bottom of the printing 

unit. This releases the friction slide carrier from the restoring bail. 
4. Grasp the type bar frame spacer "D" and the zoning pawl locking rod 

"E," Fig. 12, in one hand when lifting the unit out of the machine so the type 
bars will be locked in their upper position. To replace the unit the reverse pro
cedure should be followed. However, before the hinge rod can be installed, the 
machine must be turned until the restoring bail is in its highest position. This 
is approximately 336*. It is Important that the hinge rod is centrally located in 
relation to the sides of the unit so it clears the side frames. 

Ribbon Feed Mechanism 
The ribbon feed mechanism is located on the front of the machine left of 

the feed. It is a mechanical device which feeds the ribbon one space each ma
chine cycle, and reverses the direction of travel when the ribbon reaches its limit 
in any one direction. The upper and lower ribbon feed ratches are equipped with 
hand knobs which permit winding the ribbons on the spools manually. 

To install a ribbon it is necessary to remove the printing unit The ends of 
the ribbon are equipped with locking bars which fit into the lock bar cut on the 
ribbon spools. The lock bars are held in place by means of the ribbon retainer 
rings. One end of the lock bar is inserted under the retainer ring and pushed in 
until the other end of the lock bar can be inserted under the ring at the other 
end of the spool. The lock bar is then centered between the ends of the spool 

Care should be exercised in manually winding the ribbons on their spools so 
as not to tear them. When one end of the ribbon is unfastened from the spool 
the machine should not be turned over as it will jam the spacing mechanism and 
damage the ribbon feed operating arms. 

There are no adjustments on this mechanism, but all parts should be checked 
for freedom of movement and proper functioning. 

Stacker 
The stacker assembly is located directly under the feed. The machine is 

equipped with a card lever contact which, when closed, completes a cir^uh keen
ing the machine running until the last card feeds into the stacker The stacker 
is equipped with a contact which when opened by virtue of the " 
filled to capacity, causes the machine to stop. the Etacker beln* 

There are no adjustments on this assembly. The varin... , , . 
be checked for freedom of operation and proper functioning. P S 

CIRCUIT BREAKER AND CO^VUVIUTATOR UNIT 

four^circui^'brea'ker'assemblies1 £mdre^ven^commutator'assemblies8 alim'>0Se<\°d 
ot wo?m gê rs!̂ "' ***  ̂iS driV6n fr°m the horizon̂ l drive shaft by means 

The circuit breakers are located at the top end of the oh=,ft „ v ,„p loltom, The commotator. 
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too are counted from top to bottom. The first and second commutator positions 
will not have any commutator contact straps unless the machine is equipped with 
class selectors. 

The purposes of these circuit breakers and commutators are as follows: 
CB_1 Card Lever Holding Cam. This circuit breaker, in conjunction with 

the points of R-2 relay, provides a holding circuit for R-2 relay to complete read
ing of last card. 

CB-2—Zoning Make Cam. This circuit breaker, working in conjunction with 
CB-3 and various other contacts in the circuit, controls the completion of the zone 
selection circuit. 

Cli-3—Zoning Break Cain. This circuit breaker controls the duration of the 
zone selection circuit by opening the circuit at a definite time. 

CB-4 Selection Circuit Control Cam. This circuit breaker controls the selec
tion impulses, preventing CB-5 and CB-6 functioning electrically until the zoning 
operations are completed. It also allows the selection impulses 1 to 9 being re
ceived by the print magnets through CB-5 and CB-6. 

C-I—Class Selection Holding Commutator. This commutator provides a 
holding circuit for the class selector. 

Class Selection Pick-up Commutator. This commutator controls the 
completion of the class selection pick-up circuit. 

NOTE: Class Selection is an optional feature on this machine, and the above 
two commutator assemblies will not be complete unless the machine is equipped 
for class selecting. 

*-""3 "X'' Eliminator Commutator—This commutator controls the pick-up and 
holding circuit of the X-Eliminator. 

—Card Jam Contact (L) Shunt Commutator, and C-5—Card Jam Auxili
ary ©am Commutator—These commutators shunt the circuit for Relays 1, 5, and 
6 around the lower points of the card jam contact. They are in parallel to pro
vide easy adjustment of the duration of the circuit. (C6 is used as a "make", C4 
as a "break" cam.) 

c'6—Card Lever Pick-up Commutator—This commutator establishes a definite 
timing for the completion of the R-2 relay pick-up circuit, to prevent tripping of 
magnets before the first card reaches the reading position. 

C-7—Card Jam Contact (U) Shunt Commutator—This commutator shunts 
the circuit for relays 1, 6 and 6 around the upper points of the card jam contact. 
Adjustments 

The circuit breakers are adjusted for an air gap of .015" to .025" when the 
operating arm is on the high dwell of the cam. The points should contact over 
their entire surface when made. 

On the commutator assemblies, the contact straps are adjustable, and should 
be adjusted for the proper duration of contact. The commutator is shifted on the 
shaft in order to time it for the correct making point. 

Consult the electrical timing chart for the proper timing. 

SELECTION CIRCUIT BREAKERS 
These two circuit breaker assemblies are of the automobile type circuit 

breaker. They are located on the rear of the machine near the commutator unit. 
Their operating cams are fastened to the horizontal shaft, and are adjustable on 
the shaft to permit timing the breakers. 

These circuit breakers, which are numbered CB-5 and CB-6, provide a definite 
make and break timing for the selection impulses. 
Adjustments 

1. When on the high point of the cam, the air gap should be .015" to .025", 
preferably .020". The points should contact over their entire surface when made' 

2. The cams are movable on the shaft and should be properly timed in ac
cordance with the timing chart. In order to facilitate the timing of these circuit 
breakers, the section of the timing chart allotted to these breakers is divided into 
degrees. 

3. The spring tension on the operating contact arm should be 15 to 16 
ounces. It is imperative that this tension be correct, as it will prevent excessive 
wear of the fiber cam follower. 

4. Check the operating arm for free movement on its pivot. 
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CARD LEVER, CARD JAM, AND STACKER CONTACTS 
The location, purpose, and adjustment of these contacts are as follows: 
Card Lever Contact—This contact is located under the feed magazine. It is 

actuated by a plunger which receives its motion from a card lever, which in turn 
is operated by the card as it emerges from between the first set of feed rolls. 

The purpose of this contact is to control the energizing of Relay No. 2, pre
venting this relay from being energized when no cards are feeding. 

This contact should be adjusted for a 1/16" air gap, when open, and when 
closed the operating strap should move the right strap 1/32" off its brass support. 
The card lever assembly should be adjusted by bending, so when it is fully oper
ated by a card, its lower end will not strike the casting. When no cards are 
operating the lever, the plunger should be against the operating strap. 

Card Jam Contact—This contact is located to the left of the card lever contact. 
It is operated by a card lever which is actuated by the cards as they pass through 
the lower ejector rolls into the stacker. 

The purpose of this contact is to control, in conjunction with its shunt com
mutators, the circuit to the motor relays, opening this circuit in case of a card 
jam, and consequently causing the machine to stop. 

It is very essential that the contact assembly be adjusted so the contacts make 
and break in accordance with the timing on the electrical timing chart. The air 
gap between the points, when the points are open, should be .020" to .025". When 
the lower contact points are open, the lower strap should have a .015" rise off 
its brass support. The card jam contact lever stop should be adjusted for a slight 
clearance between the stop and the insulator on the center strap when the card 
jam lever is fully operated by a card. 

Stacker Contact—This contact is located below the stacker, and it is operated 
by the card stacker when the stacker fills to capacity. 

The purpose of this contact is to open the motor relays circuit when the 
stacker fills to capacity, and thereby stopping the machine 

When the contact is made, there should be sufficient tension on the operating 
JfVa ? k the other strap 1/64" off its brass support. The contact should be 

900 cards " stacker fiIls to its capacity, which is approximately 

RELAYS 
Mounted on relay panels in the front and rear cabinets are the necessary 

operating relays. The heavy duty G.E. motor relays are located in the front 
cabinet, and the duo and multi-contact relays are located in the rear cabinet 
Class selection and additional X-elimination relays are also located in the rear 
cabinet The positions of the relays in the rear cabinet are illustrated on'the 
wiring diagram incorporated in the write-up. 

The part numbers of the relays and the type of relays are as follows: 

Type of Points 
Looking at Armature End 

Part No. ABC Tnln3^?' 111288 — M Relays 
117378 — — M 2 

264,7 MM— 3 and 4 Class Selector (Optional) 
G. E. Relays 

39720 _ _ _ Motor ReIays 6 and 6 
Multi-Contact Relays 

723794 X-Eliminator and Class Selector 
(Optional) 

Adjustments 
The following adjustments apply to all relays: 

1. All relay armatures should be free. 
2. Armature and armature retainer clearance should be .002" to 003" 
3. All points should be clean and line up. 
4. Upper contact spring stop should be adjusted to just touch the upper contact 

strap with slight tension when the armature is energized 
The following adjustments apply to relays as listed. 
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Relay 26477 
1. Armature and core gap when de-energized .015". 
2. There should be a .015" air gap between the contact points. 
3. The upper contact strap should have a .010" rise oft its support when the 

armature is attracted. 
Relay 111288 

1. Armature and core air gap when de-energized .020". 
2. Air gap between the contact points should be .020". 
3. The upper contact strap should have a .015"—.020" rise oft its support when 

the armature is attracted. 
Relay 117378 

Same as relay 111288. 
MC Relay 123791 

1. Armature and core air gap when de-energized .030". 
2. Adjust make contact for .020" air gap when de-energized. 
3. Break contact to have a .010" lift off its support when de-energized. 
4. Make contact to have a .010" to .015" lift off its support when energized. 
5. Break contact to have sufficient air gap when energized. 

Purpose of Relay Contacts 
R-l—These points when normally open prevent energizing the motor relays, 

with the consequent starting of the machine, by any means other than the depres
sion of the start key. 

R-2—These points when normally open prevent the completion of the zoning 
and selection circuits when no cards are feeding into the machine. 

X-Elimination MCR—This relay is used in controlling the impulses to the print 
magnets when it is desired to eliminate either "12" or "X" impulses. The nor
mally closed points permit the completion of the "12" and "X" circuits to the 
print magnets, and the normally open points when closed permit the completion of 
the 0 to 9 circuits to the print magnets. 

CIRCUITS 

1. Generator Motor Circuit. When the main line switch, which is of the sentinel 
circuit breaker type, is placed in its "ON" position it completes a circuit to the 
generator motor. The circuit is as follows: One side of the main line, thermal 
unit side of the circuit breaker switch, plug contact, generator motor, plug con
tact to the other side of the circuit breaker and out the other side of the line. 

The generator motor is coupled to the generator, and when the generator is 
operating at its efficient output, the red signal light will glow. The circuit for 
this light is directly across the line from post 6 to post 1. The start key should not 
be depressed until the signal light glows. 
2. Generator Circuits. The generator circuits will be as follows: 10 amp. fuse, 
plug contact, terminal line connection "L", series field, armature, armature con
nection "A," plug terminal to 10 amp. fuse. At the same time, a parallel circuit 
Is completed through the shunt field of the generator: 10 amp. fuse, plug contact 
terminal line connection "L," shunt field, field connection "F," external variable re
sistor, contact terminal "A" to 10 amp. fuse. 
NOTE: The external variable resistor is used to control the output of the 
generator. 
3. Start Key Circuit. After the generator motor has driven the generator for 
approximately half a minute, the output of the generator will be sufficient to 
operate the machine. This will be Indicated by a red signal light on the latest 
machines. When the start key is depressed the following circuit will be com
pleted: Post No. 7, start key, coils of R-l, coils of the motor relays 5 and 6, stop 
key, stacker stop contact to post No. 2. 
4. Drive Motor Circuit. Energizing the motor relays 5 and 6 and the consequent 
closing of their contact points, will complete a circuit to the drive motor as fol-
iow-s: Cine side of the main line circuit breaker switch, points of motor relay 
No. 5, plug contact, drive motor, plug contact, points of motor relay No. 6 to the 
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thermal unit side of the circuit breaker switch. The drive motor will continue to 
run as long as relays 5 and 6 are energized. 
5. R-l, R-5, and R-6 Holding Circuit. These relays will be held energized through 
circuits under control of C-4, C-5, C-7, and the card jam contact. These circuits, 
however, can be opened at any time through the operation of the stop key or the 
stacker stop. When first starting the machine after placing cards in the feed 
magazine, it will be necessary to hold the start key depressed until the third 
machine cycle in order to permit the first card to reach the card jam contact 
position. As this machine is not equipped with any means of stopping at a definite 
point on the index, we will assume for purposes of explanation that it is stopped 
at "0." The depression of the start key will then cause the machine to go into 
a machine cycle and the holding circuits for the above relays will be as follows: 

(A) After the machine cycle has advanced C-4 and C-7 to their making 
points, the circuit will be from post No. 8, C-7, C-4, contact points and coil of R-l. 
coils of R-5 and R-6, stop key, stacker stop to post No. 2. 

(B) When C-4 breaks and before the card jam lever operates, the circuit 
will then be as folows: Post No. 8, C-7, lower points of the card jam contact, 
contact points and coil of R-l, coils of R-5 and R-6, stop key, stacker stop to 
post No. 2. A parallel circuit thru C-5 will also be established shunting around the 
card jam contact lower when C-5 makes. 

When cards reach the card jam contact lever station operating the lever 
and opening the lower contact points and closing the upper points, the holding 
circuits will be as follows: 

(C) When the upper points of the card jam contact makes before C-7 breaks, 
the following circuit will be established: Post No. 8, upper points of the card 
jam contact, C-5, contact points and coil of R-l, coils of R-5 and R-6, stop key, 
stacker stop to post No. 2. After C-5 breaks and before C-7 makes, the circuit 
will then be held through C-4 and the upper card jam contacts. When C-4 
breaks then the circuit will be held through C-7 and the lower points of the card 
jam contact until C-5 makes. Before C-7 breaks, the upper points of the card 
Jam contact makes and then the circuit is identical to the circuit described above 
6. R-2 Pick-up Circuit. After the card lever contact is closed by means of the 
card passing through the first set of feed rolls, C-6 makes completing the pick-up 
circuit as follows: Post No. 8, C-6, card lever contact, coil of R-2 to post No. 3. 
7 R-2 Holding Circuit. After C-6 breaks, R-2 will hold up through its own con
tact points and CB-1 as follows: Post No. 9, CB-1, points and coil of R-2 to Post 
No. 3. This relay will be continuously held up through circuits 6 and 7 as long 
as cards are feeding. 
8. Zoning Circuits. These circuits are under control of CB-2 and CB-3, and are 
completed only while cards are feeding. The circuit is as follows: Post No. 9, 
CB-1, points of R-2, CB-3 and CB-2, common brush, contact drum, holes in 
the card, reading brushes, plughubs, plug wires to the desired print magnet 
plughubs, coils of print magnets to post No. 4. 
9. Selection Circuits. These circuits are under control of CB-4, CB-5, and CB-6, 
and are completed only when cards are feeding. The circuit is as follows: Post 
No. 9, CB-1, contact points of R-2, CB-4, CB-5 and CB-6, common brush, contact 
drum! holes'in the card, reading brushes, plughubs, plug wires to the desired print 
magnet plughubs, print magnets to post No. 4. 
10. "X"-Eliminator MCR Circuit. When using this relay in connection with 
suppressing the sensing of "X" and "12" impulses, and also in connection with 
the use of class selectors. The circuit is as follows: Post No. 9, CB-1, points of 
R-2, "X Elimination" hubs plugged "ON," C-3, "X"-eliminator MCR to post No. 3. 
This relay remains energized as long as C-3 is made. 
11. "X"-Elimination Circuit. When it is desirous to eliminate "X" and "12" im
pulses when only 0 to 9 interpretation of certain fields is wanted, the following cir
cuit is completed: Post No. 9, CB-1, points of R-2, CB-4, CB-5, CB-6, common 
brush, contact drum, hole in card, reading brush, plughub, plug wire to common 
plughub of X-eliminator, normally open contact points, 0-9 plughub of X-ellmina-
tor, plug wire to desired print magnet plughub, print magnet to post No. 4. 

Page 26 





161561-r 
TIME c-4 TO BREAK 70' (T 6') 
AFTER LOWER CARD JAM 

I CO FIT AC T (END POS ) MAKES. 

TIME C-5 TO MAKE 40'(*6') 
BEFORE LOUVER CARD JAM 
CONTACT (END POS ) BREAKS. 

NAMC OF CAM OR TIMING 

TIME C-7 TO MAK£~-E4' (£&') 
' BEFORE UPPER CARD JAM 
CON TACT (END POS ) ORE A KS. 

OPTIONAL 

MAKE CAM MAY VARY(j) 
EITHER kVAY ON 
BREAK TIMING 

BREAK CAM MAY VARY (J ) 
E/THER WAY ON MAKE 
TIMING. 

YAM CON'. 

-SELECT/ON BRUSH TIMING 
DURATION MINIMUM IS 6". 
BRUSHES SHOULD ALWAYS 
BREAK If'AFTER CB-6 
BREAKS. IF BRUSH 
DURATION IS MORE THAN 6" 
THE ADDITIONAL TIME 
SHOULD BE ALLOWED ON 
THE MAKE SIDE. 

CARD BRYTEL 

DREAK 

LONER CARD JAM CONTACT- 2ND Aj3T 

1ST B END POSITION REFERS 
TO PRINTING POSITIONS THEORETICAL CARD JAM CONTACT TIMING IS SHOWN ON CHART J THIS MAY 

VARY ON EACH INDIVIDUAL MACHINE. TIMING IS NOT CRITICAL AS LONG AS 
C-4, C-5 ; C-7 OVERLAP PROPERLY. SEE NOTES FDR THIS OVERLAP. 

THEORETICAL 
MAKING POINT 

\DRUM 

0 
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P R E V E N T I V E  M A I N T E N A N C E  
Alphabetical Interpreter, Type 552 

General 
Machine should be given a general cleaning before the actual inspection is 

begun. Brush out card dust and wipe up any excess grease and oil from the 
base and the various parts. Check conditions of ribbon at this time. If ribbon 
replacement is necessary, remove and wipe ink from ribbon shield and asso
ciated parts. A better, more efficient inspection can be performed on a clean 
machine. 

C A M  A N D  D R I V E  S H A F T S  
I. Cleaning 

All dirt and old grease should be cleaned from cams and cam followers. 

II. Inspection 
1. Cam Followers for loose studs. 

2. Cams for loose pins. 

3. Contact Drum brake and ratchet assembly for freedom of action. 

III. Lubrication 
IBM 9 

(1) Reverse friction lock, particularly at point where steel shoulder of 
drive pulley operates against the reverse friction lock arm. 

IBM 17 
(1) Light film on all linen dilecto gears. 
(2) All gears and cam surfaces not lubricated by Bijur System. 

IBM 21 
(1) Zerk fitting in drive pulley. 

F E E D  U N I T  

I. Cleaning 
See General Section under headings listed below. 

II. Inspection 

1. Hopper and Feed Rolls (see General Section—Horizontal Feeds) 
(a) CLEANING 
(b) FEED KNIFE ADJUSTMENTS 
(c) FEED KNIFE GUIDE SLIDES 
(d) EVEN FEEDING OF CARDS 
(e) HOPPER SIDE PLATES 
(f) ROLLER THROAT 
(g) FEED ROLL TENSION 
(h) CONTACT ROLL CARD GRIPPERS for good spring tension. 
(i) FEED KNIFE TIMING 
(j) HOPPER POSTS 

2. Brush Assemblies (see General Section) 
(a) CLEANING. It is essential to keep the contact roll absolutely free of 

all particles of dirt or other foreign matter, not only to insure good 
electrical contact but also to insure clear printing impressions 
on the card. Removing the card guide between the contact roll and 
the hopper will simplify the cleaning. 

(b) BRUSH SEPARATORS. Revolve the rolls and watch for brush 
movement. Any dirt between the separators will result in brush move
ment. 

2 



R E F E R E N C E  M A N U A L  T Y P E  5 5 2  3 

(c) BRUSHES 
(d) BRUSH ALIGNMENT TO SCRIBED LINE. Use gauge #450388 

and line nearest bend in gauge. 
(e) BRUSHES EVENLY SPACED BETWEEN SEPARATORS. 

Special care should be taken that all dirt is cleaned from between the 
segments of the feed roll separator. The grooved dilecto roll is ad
justed horizontally by means of the brush roll locating collar so that 
the brushes are in the center of the grooves. Use the brush bending 
tool on individual brushes. Revolve the roll to make sure brushes are 
free all the way around. 

(f) BRUSH TRACKING. Change by shimming the brush assembly 
holding brackets located on the side castings. 

(g) BRUSH TIMING. The brushes are timed to the holes in the card 
so they will make at least V/i" before every selecting impulse, and 
break not earlier than l'/2° after each selecting impulse breaks. The 
make and break timing of the brushes should be checked for each 
selecting and zoning impulse. The correct timing is obtained by 
loosening the holder clamping screws and moving the holder left or 
right in the assembly. Make sure that the clamping screws are 
tightened after the correct timing is obtained. The brushes should 
never have a duration of longer than 2° before and after the make 
and break of the selection circuit breakers, or a total of 7° duration 
at selection time. See information on "CB's" under Base for this 
machine. 

3. Stacker 
(a) STACKER ROLLS for freedom of operation and wear. 
(b) JAM CONTACT for adjustment and timing. 

4. Card Levers (see General Section) 

III. Lubrication 
IBM 6 

(1) Roller throat. 
(2) Card lever pivot points. 

IBM 9 
(1) Feed knife guide slides. 
(2) Feed knife guide pin. 
(3) Brush separator roll bearings. 
(4) Card stacker shaft assembly pivots. 
(5) Bell crank assembly pivot. 

IBM 17 
(1) Card levers—very light film between operating lever and phenolic 

pad on contact strap. 
(2) Both ends of bell crank assembly. 

P R I N T  U N I T  
I. Cleaning 

Type bars should be cleaned of all dirt and old ink. The face on the type 
tails should be cleaned with a stiff brush taking care to clean out all accumu
lated material from the center of the letters. An alternate cleaning method 
would be to use plastic type cleaner, part 450528. 

II. Inspection 
1. Type Unit. Before removing type unit from machine, operate the machine 

manually under power without cards and observe the operation of the 
type bars. They may best be viewed from the left end of the machine 
under the magnet unit. Check the releasing time and the restoring of the 
bars. Any bars in which the friction slide spring tension is insufficient will 
have a tendency to fall down during the restoring part of the cycle. Note 
the number of any bars not operating correctly and correct when unit is 
removed. 



P R E V E N T I V E  M A I N T F N A K i r r  
C U S T O M E R  E N G I  N  E E R I  N G  

With unit removed: 

(b) PRINT,NG P^s'ISa0,B'iS^a^Sd:„. 

I. Unif.Check with unit removal fr„I0 

S ?rS?T5S?s ,or•' 
<c) «* co„,.c„ i,. 
«) RIBBON PEEL, ASSEMBLY r̂ -.'SZS o, opre.,™. 

III. Lubrication 
IBM 6 

/Ji Erint ™agnet armature pivot point. 
\&) type bar stop pawls. 

IBM 9 

(1) Ribbon feeding mechanism. 

IBM 17 

T21 wnCt| ar"la!:ures at point where drive rod levers rest 
iP i,nternal cuts ln zoning pawl restoring lever cams 

m°aPgn°etTnftnet ,Wer« Where they * -to slot in sides of 

(5) Tre^Sct?on spring^ ^ ̂  * int° type unit" 

IBM 21 

(1) Cam rollers for magnet restoring cam. 
>,< ~am ro'Ier on zoning carrier lever. 
( ) Drive shaft end bearing behind linen dilecto gear 

B A S E  

1  C w r  a " d  C o n , a c , s  ( s e e  G e n e r a l  S e c t i o n )  

through the ^ ^ * contact 
both with the brushes making too earlv and e ^ may be experienced 
cams, contacts and cam followers resultinir in l • ear of the CB 
this condition. A worn brush, making contact"^!ImPulses> aggravates 
thecardbeforeCB5and6havebroken th ° t •Trarlyethrough a hole in 
may result in tripping the magnets earlv m,?'"tbe Previous impulse, 
a worn brush making contact too long oT ?CB 4 ,g Pd«tlng Under' With 
it is possible for a zero hole to make rolt^ t' 6 are making early, 
type bar will be stopped by the zcto™ °r 3 one imPulse and the 
To overcome these conditions, the timiE^'he?" Wh?Ch ?S norraally blank. 
CB 5 makes at 108° for a one imnuls^ PR I uW S,h°uId be adhered to: 
at 111 . As further check, CB 5 should mat- ?e??,otbree de8rees later 
break at 156° for a 7 impulse. CB 4 should not t, 3nd CB 6 should 

Occasionally a brush will drop into the zero hol" .utha" 107°-
zone make cam CB 2, due to its long duration ? J" tbe/ard' while the 
the brush overlaps the CB by as little as l ' th?? ? for 311 X and if 

condenser may operate the print magnet Such an'' P °f the 2MFD 

typexbar moving much sooner than 

sb^ter^iuraSom^Th^se^^s, ̂ Part0^^?^^ ^ ?,3re ™ cut for a 
and should be ordered on MES Group 11 to elirn™! ?6^ lnstal,ation 
nature. P tt to eliminate difficulties of this 

The theoretical timing of CB 2 and CB 1 wirt, u,- . 
shown on wiring diagram #161561-K reading as follows: ^ dur3tion is 



R E F E R E N C E  M A N U A L  

Make Break 
CB 2 30° 36° 

60° 66° 
354° 360° 

CB 3 28° 34° 
58° 64° 

352° 358° 

2. Relays (see General Section) 

3. Motors and Generators (see General Section) 

4. Bijur System (see General Section) 

5. Control Panel (see General Section) 

T E S T S  

MOST CUSTOMERS have a 513 control panel wired for 80-80 reproducing. 
This may be inserted in the 552 and used for the first three tests below, if a 
test deck blank in columns 21 through 40 is used. Check the printing after 
running a test deck through once to be sure all positions have printed correctly; 
t en run the same deck through several times and check to see that the printing 
has been the same every time. 

1. Check a test deck punched with numeric information in all positions. 
4 .  Check alphabetical interpretations with the same control panel using 

cards punched with the alphabetical characters in sequence in all columns 
of the card. 

3. Punch a card with zeros in all columns. Check printing results. For 
further checking punch an individual card in all columns for each digit 
and letter. Check results. 

4. Check X elimination device operation. 
5. Check zero elimination device (optional feature). 
6. Check quality of all printing for clearness and legibility. 
7. Check to see that cards are not embossed. 
8. Stand by and check the customer's work as it comes off machine to insure 

against trouble being left which the above tests did not show. Also, it is 
possible to place trouble on machines when covers are installed. 
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P R E V E N T I V E  M A I N T E N A N C E  
Electric Multiplier, Type 601 

C A R D  F E E D  U N I T  

I .  C l e a n i n g  

The card feed unit requires frequent inspection to insure good performance. 
On every inspection the feed should be carefully cleaned of all dirt, excess oil, 
card dust, etc. Clean out all dirt and card dust from the feed knife slide guides 
and from the throat roller. 

I I .  I n s p e c t i o n  

1. Clutch for freedom of operation and for all adjustments. 
2. Feed (see General Section—Horizontal Feeds) 

(a) CLEANING 
(b) FEED KNIFE ADJUSTMENTS 
(c) FEED KNIFE GUIDE SLIDES. It is not necessary to turn the 

entire machine over by hand to check these for freedom of operation 
as suggested in the general section. They may be checked by removing 
a spring clip in the operating linkage. 

(d) EVEN FEEDING OF CARDS 
(e) HOPPER SIDE PLATES 
(f) ROLLER THROAT 
(g) FEED ROLL TENSION on the first, second and third set of rolls. 
(h) AUXILIARY FEED ROLLS for even tension and for freedom of 

operation of the small rollers. To give proper tension, the set screws 
holding the auxiliary feed roll bracket should be in a vertical position. 

(i) TIMING OF FEED KNIVES. This in conjunction with setting 
the brushes. Check with hopper from '/2 to 3/4 full of cards for best 
results. Change by cam link adjusting rod. 

(j) HOPPER POSTS 
3. Brush Assembly (see General Section) 

(a) CLEANING 
(b) BRUSH SEPARATORS 
(c) BRUSHES 
(d) A" PROJECTION 
(e) BRUSH ALIGNMENT TO SCRIBED LINE 
(f) BRUSHES EVENLY SPACED BETWEEN SEPARATORS 
(g) BRUSH TRACKING. This can be changed by shifting the brush 

holder in the slide assembly. 
(h) CONTACT ROLL for shake and dirt. 
(i) BRUSH TIMING 

4. "X" Brushes and Card Lever (see General Section). Punch a card with all 
the X's normally used by the customer. Check the registration and feed 
this card into position to check the alignment of the X brushes. As the 
card is fed in, check for proper timing of the X brushes. Any X brushes 
that are damaged should be replaced. While the card is being fed past the 
X brushes, check for proper rise of the X card lever contact. 

5. FC Cams (see General Section—Make and Break Cam Contacts). 
Also, wipe an oil cloth across the tension straps to prevent red rust. 

I I I .  L u b r i c a t i o n  

IBM 6 
(1) Roller throat. 

IBM 9 
(1) Pressure shoe first feed roll. 
(2) FC cam shaft bearings. 
(3) Feed roll bearings. 
(4) Clutch pawl pivot. 
(5) Ball closing oil well on ratchet gear. 
(6) Pivot in cam link adjusting rod. 

2 



R E F E R E N C E  M A N U A L  
TYPE 601 

(7) Feed knife shaft. 
(8) Feed knife guide slides. 
(9) Three oil tubes on each side casting. 

IBM 17 
(1) Internal cam in CF index. 
(2) Very light film on CF cam surfaces. 

P U N C H  U N I T  
THE PUNCH NEED not be removed from the machine on every ' S&na zsssa.'ftgpss&s 
can be removed with the punch mounted on the base. 

I. Cleaning 
As in the case of all other units, the punch should be carefully cleaned before 

Sd also be thoroughly cleaned with a stiff brush and cleaning fluid. 

| | .  Inspection (see 016-031 Section for Detail) 

(1) Linkage from motor plate to punch magnet armature. 
(2) Armature pivot shaft. 
(3) Bell crank pivot screw. 
(4) P.M. contact. 
(5) "Slipping By". 
(6) Motor plate linkage adjustments. 
(7) Punch travel. 
(8) Die. 
(9) Dog and escapement. 

(10) Rack. 
(11) Skip lifter. 
(12) Governor 

<•» SSS'a? ettuassA ss 
to normal because of its own weight. 

III. Lubrication 
Lubrication is the same as that for punch unit under 016-031 with the two 

f° Use'lBM 6 on duplicating magnet armature pivot points. 
Use IBM 17 on the emitter face (only a slight him;. 

C O U N T E R S  
TTlsri ESS A COUNTER has been giving trouble, it need not be removed 

cams and followers accessible from the bottom of the counte . 

I. Cleaning 
,, , J 0„ J  J:rt from the unit If too much lubrication has been 

Cdeinnthe pasfoiTand dirt sometimes accumulates between the add magnet used in the past, mi ana ^ bg & off w-th a rag soaked in cieaning 

fluid ^en add magnets are removed for inspection of add magnet armature 

residuals. 



4  P R E V E N T I V E  M A I N T E N A N C E  C U S T O M E R  E N G I N E E R I N G  

I. Inspection 

1. Lower Counter 

(a) ADD WHEEL CLUTCH GEAR for .008"-.012" clearance of teeth. 
If this is too close, it will indicate either a worn clutch lever or im-
proper latch block adjustment. 

(b) ADD MAGNET ARMATURES for .003 "-.005" to latch block 
when attracted. This can be checked by tripping the armature by 
hand, allowing the clutch lever to pivot and move the high portion 
of the latch block in front of the armature. Tapping the armature 
with a light screwdriver should result in a very slight wink of the 
armature. About once or twice a year the add magnet should be 
removed to check the armature residuals. 

(c) CLUTCH TEETH OVERLAP. Crank the machine to any index 
line from 9 through 1 and check each counter for ^ " overlap of the 
clutch teeth at this point. Be sure the overthrow locks are seated. 
Any variations indicate partly sheared pins or twisted shafts. 

(d) OVERTHROW LOCK ASSEMBLY for loose overthrow lock screws 
which may have backed out part-way. Look at the inner right side 
plate for a broken spring on the adding wheel shaft bushing detent. 
This detent holds the adding wheels at 0 and prevents rotation of the 
shaft due to inertia at the end of a reset cycle. Consequently, a broken 
detent spring may result in overthrow of the adding wheels on reset 
Also check both ends for wear on the bail and its operating cams. 

(e) CARRY MAGNET for loose rivets in the armature and then check 
the unlatching clearance. Also, check operation of carry contacts in 
KWA and LHA counters. 

2. Top Counter Moulding 

Reset all counters to 5 and seat overthrow locks. Check all top counter 
gears for proper timing. If any counters have shown signs of improper 
timing of top counter brushes by occasional failures, remove moulding 
assembly and check individual brushes for damage and proper projection 
Replace needed brushes and wipe a film of IBM lubricant 17 on the inner 
surface of the mouldings before replacing; to prevent additional damage 
to brushes, be sure to set the counter to 9 before removing the top countlr 
moulding and to 1 before replacing it. 
loo^,^8 f°r Unla!ching 311(1 Aching adjustments and for 
loose collars. The proper adjustment of the reset clutch may be checked 
by resetting a counter while cranking the machine by hand. All carry 
levers should unlatch and move about to before being relatched. 

I. Lubrication 

IBM 6 

(1) Adding clutch lever pivots. 
(2) Adding clutch gear pivots. 
(3) Add wheels. 
(4) Top counter shaft pivots. 

IBM 9 

(1) Clutch disengaging lever bail pivots. 
(2) Overthrow lock pivots. 
(3) Carry lever bail pivots. 
(4) All bearings on both side plates. 

IBM 17 

(1) Clutch grooves on adding wheel clutch gear. 
(2) Overthrow and carry lever bail cams. 
(3) All cam surfaces under counter. These should be re-lubricated every 

time the counter is removed. 
(4) Light film on the inside surface of the top counter mouldings any time 

they are removed. 
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M U L T I P L Y I N G  A N D  C O L U M N  S H I F T  P L A T E S  
ALL THE MULTIPLYING and column shift plates should be removed at 
least once a year for lubrication unless usage requires more frequent inspection. 
While plates are removed, check for washers, screws, etc. in the plate housing 
assembly. 

Before replacing plates in the unit, lubricate as directed. The adjustment of 
the individual bail eccentrics and knockoff screws will have to be checked 
after replacing the plates in the unit. 

I .  C l e a n i n g  
If contacts are dirty, wash with cleaning solution, using a clean brush. 

The contacts may be cleaned by folding a piece of Trimite Paper and inserting 
it between all contact points. Then drag the paper out with only the tension 
of the contacts holding them together. Do not hold the contact points to
gether, as too much cutting action results. 

I I .  I n s p e c t i o n  
With plate out of machine: 

(1) BAILS, LATCHES AND ARMATURE for freedom of operation. 
(2) CONTACT POINTS. After cleaning, check for M" clearance between 

points when the bail is latched. 
With the plate in the machine: 

(3) ARMATURE UNLATCHING CLEARANCE. Turn the machine 
to 14'/2 index time. This is the time when CC2 makes to energize the 
magnet. The armature should be free from pressure at this time. 
Check all nine plates, then run the machine under power and recheck 
this adjustment. 

(4) ARMATURE RELATCHING CLEARANCE. Turn the machine to 
the high point of the bail operating cam at 13 index time. Check to 
see that there is approximately ^2" travel of the split latch past the 
armature latch point. 

(5) CONTACT POINTS with the contact bail unlatched all contacts 
should be positively closed. No rear strap should touch the insulating 
strip on the bail. 

I I I .  L u b r i c a t i o n  

IBM 6 
(1) Armature pivot. 
(2) Split latch pivot. 
(3) Bail pivot shaft bearings. 

IBM 17 
(1) Armature latching mechanism. 
(2) Very thin film on edge of linen dilecto bail. 
(3) Tip of bail operating lever foot. 

B A S E  
I .  C l e a n i n g  

The entire frame of the machine should be wiped down with a rag soaked 
in cleaning fluid. Clean all dirt and old grease from cams and cam followers. 

The oil pans over the lower counters and the multiplying plate unit should 
be kept clean. The lower oil pan under the lower base collects oil leaking from 
the housing and will have to be cleaned out periodically to prevent soaking 
cables with oil. Also, an excessive amount of oil in the lower pan will overflow 
and soil the customer's floor. 

I I .  I n s p e c t i o n  
1. I n d e x .  Use the lower index for timing in all cases. Upper index on side 

of feed unit should be used only to time the feed unit to the base and to 
determine whether the feed cycle is in the first or second machine cycle. 

2. S h a f t s  a n d  C a m s  for wear and partially sheared pins. Also check that all 
drive shaft bearings lubricated from oil cups are receiving oil. 
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3. Lower Drive Housing for wear and proper oil level. Remove the check plug 
m the lower housing and check for proper oil level. Oil should be within 
1 of check plug. Also check oil flow up through the vertical shaft bv 
removing upper housing plug and look for appearance of oil while 
machine is running. Add IBM 12 lubricant, if necessary. 

4. CC Cams (see General Section—Make and Break Type Cams) 
5. CB Cams (see General Section—Circuit Breaker Cams) 
6 .  Emitters. The emitter brushes should be carefully checked for wear and 

damage. Replace brushes that show a noticeable bevel. Wipe anv old 
grease off the emitter segments and common rings and check for cracked 
or missing segments. Apply a thin film of IBM lubricant 17. Then care
fully check the emitter brush timing. 

7. Motor Generators (see General Section) 
8. Relays (see General Section—Duo Relays) 
9. Control Panel (see General Section) 

III. Lubrication 

IBM 6 

(1) Duo relay armature pivots. 
(2) CB cam contact arm pivots. 
(3) Drive pulley ratchets. 

IBM 9 

(1> «WrKPS °" the "pper bafe casti"g- These lubricate counter drive 
shaft bearing on the upper base, emitter shaft bearings CC cam shaft 
bearings, and CB cam shaft bearings. 

(2) Ball closing oil well in reset shaft gears. 
(3) All oil cups on reset shaft. 
(4) Oil cup on bearing casting to the right of the feed unit 
(5) Motor and generator bearings (only a slight amount). ' 
(6) Two oil cups just back of lower gear housing 
(7) Oil cup on lower reset shaft. 

<8) ca,,ins-Thi-
(9) Control panel pivot frame. 

IBM 12 

(1) h,OUSing,' Fi" fr°mltop pluS if oil level is lower than 1" below check plug in lower gear housing. °w 

IBM 17 

(1) MCR armature pivot points. 
(2) Reset clutch knockoff finger. 
(3) Reset clutch pawl disengaging roller. 
(4) Contact operating cam. 
(5) All reset clutches. 
(6) Light film on the following linen dilecto items: 

(a) Emitter surface. 
(b) CC and CB cam surfaces. 
(c) CB cam rollers. 
(d) Generator coupling. 

(7) Relatch bar operating stud and guide for multiplying plates 
(8) Internal cut cams operating multiplying and column shift plates. 

T E S T I N G  

THE TEST DECK should be punched with the reading fields in the same 
positions that the customer uses, wherever possible. The control panel should 
be set up to use full capacity of the counters. snouia 

The customer engineer should write or interpret the individual and pro
gressive totals on the back of each card. This may readily be don^h. 
m l n m n R n  " H fn by feedinS the cards w'th a column 1 at the column 80 end of the hopper, 12 edge first, and wiring the control panel accord
ingly. As the multiplier is being tested, the figure in the LHC and summary 

0 
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counters may be compared with the interpretations on the backs of the cards 
as they are stacked. If more time is needed for the visual comparison, it is 
only necessary to hold the ejector jaws by hand to prevent the card from 
being completely stacked, thus delaying the reset of the LH counter. 

If a discrepancy is noted in these figures, it indicates a failure. The card on 
which the failure occured may be run through the machine again, or it may 
be reproduced in quantity and run repeatedly to localize the point of failure. 
To stop the machine after the first multiplying cycle, it is only necessary to 
insulate the N/O A points of CS relay 1 with a piece of card. At this time the 
multiplier and multiplicand counters may be checked visually to determine 
that they have read the proper factors. If a piece of card is now placed between 
the N/O A points of CS relay 2 and the piece removed from CS relay 1 A points, 
the machine will take a second multiplying cycle. This may be continued until 
all eight multiplying cycles have been checked. If the RH and LH components 
totals are correct, the total in the LH components counter after the RH to 
LH transfer cycle will indicate whether the total was properly transferred. 

MULTIPLICATION 
Wire the control panel for individual multiplication, using fields of 8 columns. 

Refer to values shown in Figure 1 (Parts 1-3) as shown on the following pages. 

CROSS FOOTING 
If the machine has tested correctly for multiplication, the only additional 

items necessary to test for cross footing are the CA1, CA2 and Cross Footing 
Add-Subtract Relay Points. The CA1 and CA2 have 12 points on each and, 
therefore, 12 position read fields must be used. 

The machine should be checked for A + B = C, and then for A — B> — C. 
Wire as shown in Figure 2. The only difference between A + B = C and 
A — B = C is in the wiring of "R.H.C. to L.H.C.". Use the values shown in 
Figure 3 (Parts 1-3). 

The dotted line shown in Figure 2 for the punching of the "C" field is to be 
included on only the A - B = C test, and then only if the machine has addi
tional cross footing. Punching of "C" has no effect on the test of A , 
but having this field punched into the card is necessary for a later test ot 
additional cross footing. 

ADDITIONAL CROSS FOOTING 
If the test for cross footing is correct, the only items to check on additonal 

cross footing are the 10 position CA3 relay and emitter number 3. This may 
be checked by using the previous deck with the "C" field punched into it. 
Wire the control panel as shown in Figure 4. The "Cross Foot to Summary 
41" should not be plugged and the "Cross Foot to Summary #2 should be 
plugged both ON and OFF. This will allow the machine to run without re
setting the summary counter. Since "C" is the same as A - B, the result of 
each calculation in the summary counter should be zero, and, therefore, the 
summary counter should come to zero for each card unless an error develops. 
In that case the summary counter will not come to zero again until the cards 
are removed and it is reset by hand. In case of errors the figures in the product 
counter may be checked against the "A — B in Products Counter column 
in Figure 4. 
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Use of 602 Multiplication - Division Test Deck 

This test deck may be used for either multiplication or division. 
When testing division the product (dividend) is divided by the 
multiplier (divisor) to arrive at the quotient. Therefore, a deck 
with an accurately punched product must be available before a 
division test can be attempted. 

The card columns are used as follows: 

Product (Dividend) 
Multiplier (Divisor) 
Card Number 
Multiplicand 
Number of correction cycles 
Number of reduction cycles 
Quotient 

The deck contains 77 cards, the 77th being x punched in column 
74 to serve as a trailer card for summary totals. 

The individual test cards are similar to the 601 test cards but 
with multiplier and multiplicand expanded to 10 positions. Cards 
73 to 76 have also been added for testing extreme limit shifts of 
drum and contacts. 

Each of the 76 test cards is punched with a multiplier, a multi
plicand and the card number. When multiplying, the product will 
be punched in each of the individual test cards and the 77th card 
will be punched with a summary of the products. During division 
the product, columns 1 to 20, will serve as the dividend and the 
columns, 21-30, previously used as the multiplier will be used 
as the divisor. Each card will be punched with the number of 
correction cycles, the number of reduction cycles and the quo
tient. The 77th card will be punched with a summary of these 
three items. Punching may be confined to the trailer card to 
avoid unnecessarily remaking cards when it is believed the ma
chine is operating correctly. This may be done by removing the 
skip bar until the 76 no x cards have passed through the machine. 

It should be noted when testing multiplication that the summary 
total of products punched in the 77th card from the summary 
counter is not the same total that will be received if the products 
of the 76 cards are added in a 405 machine. This is because of 
the carry back system used on the 602 machine coupled with the 
fact that the summary counter is being used beyond its normal 
capacity when accumulating a summary of products on this multi

plication test. 

1 - 2 0  
21-30 
31-32 
51-60 
61-64 
65-68 
6 9 - 8 0  

93-5091-0 
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4-1-42 CUSTOMER ENGINEERING INSTRUCTIONS EAM SECTION 801 

THE PROOF MACHINE FOR BANKS 
TYPE 801 

GENERAIi DESCRIPTION 
The Proof Machine for Banks sorts, lists, and proves checks in one operation 

There are 24 individual receptacles into which the checks are sorted, 24 selector 
keys which are used to select the proper pocket and 24 separate adding machines 
which accumulate check amount totals by pocket. 

There is also a group adding machine and a grand adding machine. The 
group total adding unit is used for checking the total on each deposit slip. The 
grand total adding unit is used for checking the total of an entire block of checks. 

Signal devices are provided to notify the operator when a pocket is filled to 
capacity, if the check failed to feed, if the check feeds at too great an angle, if the 
check does not enter the pocket properly and if the tapes are low. In addition there 
are certain other electrical and mechanical interlocks which cause the machine to 
be inoperative if certain units should fail to function properly. 

The number of the pocket which the check has been deposited into is printed 
on the left side of the control tape. 

KEYBOARD AND TOP PANEL 
Amount Keyboard 

The amount keyboard is of the ten key type which is particularly suitable for 
touch operation. The 4, 5, and 6 keys are the guiding keys, having a deeper recess 
for the fingers. 
Release Bar 

Located to the lower right of the amount keyboard is a large flat key. This is 
the release bar, or motor key, the depression of which causes the machine to go 
thru its cycle. 
Selector Keyboard 

The selector keys are located just to the left of the ten key unit. There are 24 
keys and these are used to select the proper receptacle into which the check should 
be sorted. 
Signal Reset Key and Green Jewel 

The key is located above the selector keyboard and is projected upward when 
a pocket is filled to capacity. When this occurs, a green jewel mounted just above 
the ten key setup becomes illuminated and the release bar is locked up. Then the 
signal reset key is depressed, which extinguishes the signal light, unlocks the re
lease bar, then the door is opened, the checks are removed, and the door closed. 
The machine is then operative again. 
Red Jewel 

Beside the green jewel mentioned above is a red jewel. When anyone of the 
24 individual tapes is nearing depletion, this jewel becomes illuminated and it is 
necessary to go to the back of the machine where the Individual adding machines 
are located and replace the depleted roll. 
Glass Windows 

To the right and slightly toward the front of these Jewels are two windows. In 
the small window may be read the number of the compartment that is in position 
for the reception of a check. In the large window may be seen the amount of the 
check as setup on the keyboard giving a visible reading which may be read before 
depositing the check in its proper receptacle. 
Error Lever 

Just above the two windows is the error lever. If an incorrect amount is setup 
it may be corrected by pulling this lever forward. The correction is then made 
without the necessity of putting the machine through its listing cycle. 
Control Keys 

There are six control keys located in a group near the right hand end of the 
machine. These are the control keys as follows: 

The lower row of keys are the total keys and reading from left to right they 
are the grand total key which is depressed at the end of a run of a block of checks, 
the group total key which takes a sub-total at any desired time, usually after the 

Printed ir. U.S.A. 
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4-1-42 CUSTOMER ENGINEERING INSTRUCTIONS EAM SECTION 801 

items on a deposit ticket have been listed, and the compartment total key which 
prints the total of each individual tape on that tape together with the number of 
the receptacle. When the compartment total key is depressed the operator starts 
from the number one selector key and depresses each of the 24 selector keys, 
striking the release bar after each key is depressed. 

The grand and group total keys print on the control tape only. 
The upper row of keys, reading from left to right, are the non-add key, which 

may be depressed when an item is entered in the machine which is to be listed but 
not added into any of the adding machines, the adding key, which stays down 
after being depressed until raised by the key release or the grand or group 
total keys and causes the machine to function as an ordinary adding machine, add
ing into the group and grand total adding units. The amounts, however, will not 
be added into the 24 individual adding machines. The last key is the key release, 
which restores any one of the total keys before the release bar is depressed, except 
the group total key. The reason for this exception is that the group total key is 
used so frequently that the machine was designed so that the depression of this 
key automatically trips the release bar causing the machine to go thru its cycle. 
Check Sensing Control Key. 

Should the operator depress the release bar before placing the check into the 
chute, or place it in late or the check does not feed properly the release bar will 
automatically be locked up. This lock is released by depressing the small check 
sensing control key which is located just to the rear of the check chute. 

This lock is disabled automatically when any control key is depressed. 
When the machine is to be used for distribution purposes, and there are no 

checks being deposited In the chute, this lock can be permanently disabled by de
pressing this lever and pulling it slightly forward. 
Opalescent 

The opalescent indicates merely that the switch has been turned on and that 
the motor is running. 
Veeder Counters 

Located just below the signal reset key are two veeder counters and cor
responding counter reset wheels. Each check as it passes thru the machine is 
automatically counted, registering in these two counters, one of which may be reset 
by the operator at the end of each group of checks, while the other is locked and 
may be reset only by the head of the department or supervisor. This, of course, 
gives a complete control of all checks handled thru the machine. 

When sorting checks, a buzzer warns the operator if a check is fed at too great 
an angle, or if the check goes behind the bail. The operator must open the door 
at the side of the machine, depress the reset contact button, place the check in the 
pocket properly and close the door to make the machine operative again. 
Current 

The starting and running amperes are as follows: 
110 Volts 

DC 
AC 
AC 
AC 

Cycles 

6 0  
60 
26 

Phase 

1 
1 
1 

Starting 
Amps 

14.5 
23.6 
23.0 
2 0 . 0  

Running 
Amps 

1.6 
4.5 
4.5 
4.3 

2 2 0  
Starting 

Amps 
7.0 

12.0 
12.0 
10.0 

Volts 
Running 

Amps 
.8 

2.8 
2.8 
2 . 2  

Weight 
Packed: 
Unpacked: 

1120 pounds 
850 pounds 

OPERATION OF MACHINE 
The operator sits at the machine with his left forearm resting on a con

veniently placed arm rest which may be adjusted to suit any operator, with the 
fingers of his left hand, he makes a selection of the proper receptacle as read from 
the top check on the check chute. He then picks up the check with his left hand, 
reads the amount and while depositing it in the chute, sets up the amount by the 
touch system with his right hand, then he strikes the release bar with the heel or 
side of his right hand and the machine goes thru its listing cycle. 

Page 2 
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It is advisable to note that the depression of a selector key immediately causes 
the reel to be brought around to its proper position, this occurring while the 
amount is being set up. This sequence of positioning the reel and then operating 
the machine thru its listing cycle means that there will be no wait between 
operations. 

Should the operator forget to close the compartment reel door, the release bar 
and reel are automatically locked and will not operate until the door is closed. 

ADDING AND PRINTING UNITS 

Fig. 1 
Adding Cycle 

When the operator depresses one of the keys in the ten key unit, a plunger 
is pushed up and the escapement is tripped, releasing the set-up slide and thru 
spring tension the set-up slide moves forward, until it is stopped by the plunger 
which has been pushed up. After the amount has been set up, the operator de
presses the release bar, which starts the machine thru its cycle. 

At the beginning of a cycle, the restoring bail, controlled thru the forked arm 
and cam action, is raised, carrying with it any loose slides which were tripped 
by the wide tooth on the counter wheel striking the transfer arm during the pre
ceding cycle. At the same time, the link controlled by the other end of the forked 
arm moves down, carrying with it the bails which in turn pushes down on the tails 
of the hooks, which release the transfer arms, allowing them to swing under 
the loose slides and holding them in position as the restoring bail moves down. 

The control slides, which are held up by a cam, drop over the set-up slides. 
The bail which holds the control slides in their home position is released thru 
cam action. The control slides, thru spring tension move forward, until they are 
stopped by the stud on the side of the set-up slides. 

As the control slides move forward, the type bars, thru bell crank connections 
with the control slides are raised. As the type bars raise, thru connecting beams, 
the 24 rear printer sectors are set up. All control slides which have no set up drop 
over a bar fastened to the 10 key set-up unit. This bar holds the type bars out of 
printing position. 

The aligner then functions, and the amount set up is printed. The adding 
bar thru cam actions moves upward and thru link connection the cam slotted arm 
moves with it, which in turn takes the counter wheels from their stationary aligner 
into mesh with the loose slide rack. At the same time the adding bar moves 
upward, the check pawls are released and mesh with the rack on type bars, holding 
them in position while the control slides are raised clear of the set-up slides, and 
thru the bail brought back to their home position. At the same time, the type 
bars and rear printer sectors are restored and the amount which had been set up is 
added into the counter wheels. The adding bar moves back to its normal position, 
placing the counter wheels over their stationary aligners and disengaging the 
check pawls from type bar racks. The set-up slides and ten-key unit are also 
restored to their home position. 
Carry Over 

The counter wheels have ten teeth each, in order to accumulate the figures 
from C to 9. Those corresponding with the numbers 1 to 9 inclusive are narrower 
than the one corresponding with 0, which is the full width of the counter wheel. 
Let us assume that figure 9 is the last accumulated in a certain counter wheel. 
Let us also assume one more is to be added into this counter wheel. The down
ward movement of the type bar would cause the wide tooth to strike the transfer 
arm, pivoting the arm on its shaft and swinging the lower end of the transfer arm 
out from under the path of the loose slide, which causes the spring to pull the loose 
slide down one tooth. At the same time, a hook latches over the other end of the 
transfer arm and holds it in its tripped position until the restoring bail func
tions. It must be understood that the wide tooth strikes the transfer arm and re
leases the slide in the next position to the left. In this way, the counter wheel in 
that particular digit is turned one more tooth and thus the carrying is accom
plished. 
Total Cycle 

When a total key is depressed, a hook latches up the control slides. At the 
same time the stud which controls the counter engaging of the total key which is 
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depressed, moves from the adding bar into the total bar. The other two studs 
move into the neutral bar. 

The group total key when fully depressed automatically sends the machine 
thru a cycle. If the grand or compartment total key is depressed, it is necessary 
to also depress the release bar to start the machine thru a cycle. As the machine 
starts thru its cycle, the counter wheels, by means of their controlling stud In the 
total bar, are brought in mesh with the type bars. The control slides are then 
released and the type bars raise until the wide tooth on the counter wheels comes 
in contact with the end of the transfer arm, stopping the type bar at that point. 
The aligners then function and the total is printed. The counter wheels disengage 
and the type bars and control slides are returned to their home position. 

When taking a group or grand total, the rear printer is disabled, and the 
amount is only printed on the control printer tape with its symbol. 

When taking compartment totals, the control printer is disabled, the number 
of the pocket which the machine is set at, together with an asterisk and the total 
is printed on the rear printer tape. Between 40 degrees and 60 degrees of the 
cycle, the total bar thru cam action moves upward, and between 190 degrees and 
210 degrees the total bar is returned to its home position. The neutral bar Is held 
stationary. 

AUXILIARY ADDING UNIT 
AND 

ZERO ELIMINATION MECHANISM 
Fig. 2 

Operation 
This is the controlling unit for the compartment counter wheels. It pivots 

on a shaft in the lower part of the adding unit. 
The difference between the adding unit and the zero elimination mechanism, 

also known as the auxiliary adding unit, is that in the adding unit the counter 
wheels are cammed in to mesh with the loose slide racks, while the loose slide 
racks in the zero elimination mechanism, thru its cam slotted arms, is cammed in 
to mesh with the compartment counter wheels. Due to this reverse movement, 
the stationary aligners, as shown in the adding unit, must be movable in the com
partment counter wheels. Therefore as the zero elimination mechanism is 
cammed in to mesh with the counter wheels, thru its associated mechanism, the 
aligner is pushed clear of the counter wheels, permitting them to revolve freely. 
The transfer arms, in the zero elimination mechanism are in two parts. This 
difference is necessary in taking totals as explained at this time. 

It is necessary to call attention to the different methods of printing in the con
trol and compartment printing mechanism. In the first, there are individual ham
mers and while the zeros to the left of the last significant figure are in printing 
position, they will not print because their respective hammers are not tripped. 
In the compartment printer, the single rubber printing platen runs the full length 
of the ten figures and when tripped, will print everything that is set up, whether 
significant figures or zeros, when taking compartment totals. 

"With the compartment total key depressed, as the machine starts thru a cycle, 
the slide hooks, thru cam action, are raised. As the slide hooks are raised, the 
3lidable part of the transfer arm, thru spring tension, moves forward, until the 
turned over toe on the slidable part is over the zero elimination pawl. The zero 
elimination mechanism then operates, engaging the loose slide on the short type 
bar, with the compartment counter wheels. Where the wide tooth is at the zero 
position, the tooth will push the slidable portion of the transfer arm back, so that 
when the zero elimination pawls, which now function, are released, they can swing 
in front of the turned over toe. The other end moves into the notch in the short 
type bar, holding the type bars in the blank position, thereby eliminating the 
printing of zero to the left of the last significant figure. The zero elimination pawl 
of the last significant figure comes to rest against the turned over toe on the 
slidable portion of the transfer arm, thereby preventing the other end of the zero 
elimination pawl from dropping into the notch of the short type bar. 

When the type bars begin to travel upward, the wide teeth on the wheels hav
ing significant figures will at varying times push back the toes but by that time, 
the notch will have gone past the point where it may be locked by the zero elimina-
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depressed, moves from the adding bar into the total bar. The other two studs 
move into the neutral bar. 

The group total key when fully depressed automatically sends the machine 
thru a cycle. If the grand or compartment total key is depressed, it is necessary 
to also depress the release bar to start the machine thru a cycle. As the machine 
starts thru its cycle, the counter wheels, by means of their controlling stud In the 
total bar, are brought in mesh with the type bars. The control slides are then 
released and the type bars raise until the wide tooth on the counter wheels comes 
in contact with the end of the transfer arm, stopping the type bar at that point. 
The aligners then function and the total is printed. The counter wheels disengage 
and the type bars and control slides are returned to their home position. 

When taking a group or grand total, the rear printer is disabled, and the 
amount is only printed on the control printer tape with its symbol. 

When taking compartment totals, the control printer is disabled, the number 
of the pocket which the machine is set at, together with an asterisk and the total 
is printed on the rear printer tape. Between 40 degrees and 60 degrees of the 
cycle, the total bar thru cam action moves upward, and between 190 degrees and 
210 degrees the total bar is returned to its home position. The neutral bar is held 
stationary. 

AUXILIARY ADDING UNIT 
AND 

ZERO ELIMINATION MECHANISM 
Fig. 2 

Operation 
This is the controlling unit for the compartment counter wheels. It pivots 

on a shaft in the lower part of the adding unit. 
The difference between the adding unit and the zero elimination mechanism, 

also known as the auxiliary adding unit, is that in the adding unit the counter 
wheels are cammed in to mesh with the loose slide racks, while the loose slide 
racks in the zero elimination mechanism, thru its cam slotted arms, is cammed in 
to mesh with the compartment counter wheels. Due to this reverse movement, 
the stationary aligners, as shown in the adding unit, must be movable in the com
partment counter wheels. Therefore as the zero elimination mechanism is 
cammed in to mesh with the counter wheels, thru its associated mechanism, the 
aligner is pushed clear of the counter wheels, permitting them to revolve freely. 
The transfer arms, in the zero elimination mechanism are in two parts. This 
difference is necessary in taking totals as explained at this time. 

It is necessary to call attention to the different methods of printing in the con
trol and compartment printing mechanism. In the first, there are individual ham
mers and while the zeros to the left of the last significant figure are in printing 
position, they will not print because their respective hammers are not tripped. 
In the compartment printer, the single rubber printing platen runs the full length 
of the ten figures and when tripped, will print everything that is set up, whether 
significant figures or zeros, when taking compartment totals. 

With the compartment total key depressed, as the machine starts thru a cycle, 
the slide hooks, thru cam action, are raised. As the slide hooks are raised, the 
3lidable part of the transfer arm, thru spring tension, moves forward, until the 
turned over toe on the slidable part is over the zero elimination pawl. The zero 
elimination mechanism then operates, engaging the loose slide on the short type 
bar, with the compartment counter wheels. Where the wide tooth is at the zero 
position, the tooth will push the slidable portion of the transfer arm back, so that 
when the zero elimination pawls, which now function, are released, they can swing 
in front of the turned over toe. The other end moves into the notch in the short 
type bar, holding the type bars in the blank position, thereby eliminating the 
printing of zero to the left of the last significant figure. The zero elimination pawl 
of the last significant figure comes to rest against the turned over toe on the 
slidable portion of the transfer arm, thereby preventing the other end of the zero 
elimination pawl from dropping into the notch of the short type bar. 

When the type bars begin to travel upward, the wide teeth on the wheels hav
ing significant figures will at varying times push back the toes but by that time, 
the notch will have gone past the point where it may be locked by the zero elimina-
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tlon pawl. It may be noted at this time that the stud in the zero elimination 
pawl has the function of holding all the pawls to the right of a significant figure 
out of the notch in the short type bars, so that the zeros to the right of the last 
significant figure may be printed. When the slide hooks are raised, the tail on 
the other end swings over a stud in the transfer arm. This is to prevent the trans
fer arm from being cammed down while the wide tooth is pushing the slidable 
portion back. 

Check of Reel Lock Arm to Show the Relation of Counter Wheels to Adding Unit 
Pig. 6 

Clear out all compartment counters. Disconnect the adding link from the 
bell crank end. Press down solenoid to latch stop arms. Engage counter wheels 
by manually lifting up on camming arms. Disengage the reel lock and turn reel in 
a clockwise direction. The slot in the lug on the reel should move so there would 
be 1/32 between the top of the lug and the top of the reel lock. This test should 
be tried on all 24 lugs. 

If the check shows an excessive tolerance, then the unit must be moved closer 
to the counter wheels. If the dimension should be to a degree where the 
reel should spring in a counter clockwise direction when checked, then it is too 
close and must be moved away from the counters. 

To move the unit, disconnect the locating arms and loosen the rear locating 
brace and then move the unit either in or out (In either case, just sufficient to 
secure freedom of movement between the loose slides and counters. This is real
ized by checking the type bars in a total cycle with all 9s set up). In case a 
change is made, it will be necessary to peen the locating arms on the present 
machines. In the future, an eccentric bushing will facilitate any adjustment. 
Zero-Elimination Pawl Arm. Refer to Fig. 4. 

Adjust arm so that plungers protrude at least and not more than %" out 
from their guide. 

When adding trouble is experienced with the machine, first check the unit 
In the machine. Check the adding and total bar, check restoring front and 
rear, check zero elimination links; check for sticky type bars, by taking compart
ment totals with all 9's in counters. Check over sectors and links in rear printer. 
Secondly, remove the adding unit and check transfer arms; loose slides in type 
bars, and check for broken springs, loose taper pins, broken parts and sluggish 
operation. 

Removal of Adding Unit 
1. Crank up all nines. 
2. Remove control printer. 
3. Remove 6 control key links. 
4. Remove double spacing link shaft. 
5. Remove three squeeze bar yoke springs. 
6. Remove seven taper pins in operating beam shaft. 
7. Remove upper rear adding unit support shaft and spacers. 
8. Remove operating beam shaft, pulling it out left side (See Pig. 3). 
9. Crank machine to home. 

10. Remove three screws from lower locating brace. 
11. Remove locating brace bolt and remove brace. 
12. Remove zero elimination links. 
13. Remove zero elimination link stud. 
14. Remove symbol bar operating lever. 
IB. Drop adding unit locating arms (2). 
16. Remove aligner link from machine. 
17. Remove adding slide restoring link from machine. 
18. Disconnect short aligner link from adding unit end. 
19. Remove upper front adding unit shaft and spacers. 
20. Remove unit. 

Disassembly of Adding Unit 
Refer to Figs. 1 and 4 for views of this assembly, showing the location of the 

various parts. Procedure to remove the parts is as follows: 
1. Remove neutral and adding bars. 
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2. Remove the total bar. 
3. Remove compartment total lug spring. 
4. Remove zero slide and hook disengaging bracket. 
5. Remove bracket stud. 
6. Remove bail cranks and counter control slides. 
7. Remove counter engaging arm assembly of auxiliary unit by driving 

out 2 pins. Reassemble when removed. 
8. Remove check pawl operating arm by driving out pin. 
9. Remove group total cam assembly (reassemble when out). 

10. Remove clips and grand total assembly. 
11. Remove grand total cam assembly. 
12. Remove side plate (right facing unit—13 screws). Watch for spacers. 
13. Remove transfer arm detents. 
14. Repeat for group total. 
16. Remove screw on other side plate and take out check pawl. 
16. Remove transfer arm by driving out pin from lower hub. 
17. Repeat for group total. 
18. Remove counter wheels. 
19. Remove upper two combs. 
20. Remove type bars. 

Removing Auxiliary Unit 
1. Remove camming screws. 
2. Remove one cotter key and pull out auxiliary unit pivot shaft. 
3. Drive out 2 taper pins in the zero elimination operating arms. 
4. Remove these shafts. 
5. Lift auxiliary unit out. 

Disassembly of Auxiliary Unit 
1. Disconnect loose slide spring. 
2. Disconnect transfer arm spring. 
3. Remove right side plate. 
4. Remove guide. 
5. Remove 10 slides. 
6. Remove transfer pawl. 
7. Remove zero elimination pawl. 
8. Disassemble. 

Installing Adding Unit in Machine 
1. Machine must be in home position. 
2. Unit must be set in making sure aligner arms on auxiliary unit are over 

aligner arm on counter wheel disc. Also that the total and adding 
bell cranks are in respective bars. The bell cranks must mesh In 
racks. Secure unit in place by rear adding unit shaft, disregarding 
spacers. Then insert front adding unit shaft with spacers. 

3. Position positive locating arms on studs at bottom. 
4. Install stud and zero elimination slide links clips and all. 
5. Assemble all links with clip and operating beam shaft. Fig. 3. Check 

link adjustments. 
6. See that symbol bar gear is in proper mesh with other link. Install 

symbol operating gear first. 
7. When installing operating beams, be sure gauge is in place on rear 

printer to insure proper alignment of beams with sectors. All nines 
must be set up. 

8. Install control printer and test. 

ADJUSTMENTS 
Cam Shaft Links 

(Numbered reading from intermediate frame to right frame) 
1. Rear printer link (no adjustment). 
2. Aligner link (adjust at front). 
3. Transfer restoring bail (adjust front). 
4. Control slide restoring link (adjust front). 
6. Adding link (adjust front). 
6. Total link (adjust rear). 
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7. Control printer link (adjust rear). 
8. Zero elimination pawl link (adjust front). 
9. Zero elimination slide hook (adjust rear). 

To Remove the Cam Lever Shaft 
1. Remove holding screw in right base opposite shaft. 
2. Remove middle bushing on shaft. 
3. Screw in to end of shaft a long 10/32 member. 
4. Pull shaft out by screw. 
6. Do not turn shaft as other end is forked. 
6. Keep oil groove up when replacing. 

Adjustment of Links 
1. Zero elimination slide hook—Machine at home position. Pull slide hook 

operating arm downward so that top of slot rests on locating stud; 
then adjust operating link to allow .006 clearance above locating 
stud. Fig. 2. 

2. Zero elimination pawl—Machine at home. Same as slide hook adjust
ment. Zero elimination pawl operating arm should have .030 move
ment above adjusting point to allow freedom of movement on com
partment totals. Fig. 2. 

3. Adding bar—Machine at home. Adjust link so that grand total, group 
and compartment adding engaging cams carry high enough to insure 
full engagement of adding wheel with type bars and still have grand, 
group and compartment counter studs move freely through stationary 
bar. Fig. 4. 

4. Total bar—Machine at home. Same as adding bar adjustment. Fig. 4. 
6. Control slide link. Turn machine through cycle. Slides should drop 

over stop bar and clear by .016. Also it must pull rack down far 
enough to allow zero elimination pawls to enter notch on short type 
bar. Fig. 4. 

6. Aligner link—Turn machine through cycle until aligner is fully engaged. 
Loosen adjusting nuts on aligner link. Check aligner for full en
gagement and then set adjusting link so aligner has .030 clearance 
from bottom of aligner teeth on back of type bars. 

7. Restoring bail (front). Fig. 1. 
A. Turn machine through cycle until bail reaches its maximum travel. 

At this position, loose slides should have at least .030 play above 
bail. 

B. Clear out all totals. Set up all nines and add 1 to trip all trans
fer arms. At home position, slides must have about .006—.010 
clearance over restoring bail. 

8. Restoring bail rear—With transfer tripped, the bail shaft should set 
about .030 above transfer latching pawls. There is a separate ad
justment for the rear. 

9. Rear printer link. No adjustment. 
10. Control printer link. Loosen adjusting nuts with machine at home. 

Push link up to meet latched-up hammer and tighten adjusting nuts. 

TEN KEY SET-UP MECHANISM 
Fig. 6 

Operation 
By depressing any one of the ten keys thru its key lever, the corresponding 

plunger is raised. Only one key may be depressed at one time, this interlocking 
action being governed by nine discs in the casting riding side by side with only 
enough clearance between them to admit the thickness of one key lever. The 
stroke of the key is limited by the key lever striking the stop block. They key is 
returned by spring tension. 

When one of the ten keys is depressed, the key bail, which is common to all 
keys, raises the escapement so that the stationary pawl engages with the rack, 
which is attached to the pin carriage, and holds it. The movable pawl, being 
disengaged from the rack, moves over ready to catch the next tooth in the rack. 
On the upstroke of the ten key, the escapement is returned to its normal position, 
and the stationary pawl is disengaged from the rack, while the movable pawl is 
engaged, allowing the pin carriage to move over one tooth. 
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As the carriage moves over one space,^the it is stopped 
releasing the set-up slide and thru £P"nS 1 denoted on the reading wheel, 
by the selected plunger The .elected made, the error lever is 

carriage to normal position. 

r,cs *r.r̂  «- — -««— 
StU% FiIs thtre are no number nine plungers used, the restoring ball adjustable 
stop is used to assure proper alignment for the nine^ pBermit'the control 

3. The escapement bracket adjusting screw is used to perm 
slides to drop over the set-up slides w"Jr°ut inter e lhg escapement pawl 

4. The escapement pawl adjustable stop is I f the 
from being thrown back too far. The pawl should clear the nign . 
rack by approximately 1/32". Fig. 6-D. „.me„t from being 

5. The escapement adjustable stop is to preierit _ d movable pawl 
thrown too high. When one of the ten keys is fully 
should clear the top of the rack by approximately 1/32 *^g. • *. properly 

6. The pin carriage adjustable stop is to aUow the contro Blide^ 
drop over the set-up slides when a complete set""P *,™adde- „movement of the 

7. The key lever adjustable stop is to control the niur<*er is in its 
ten keys. When one of the ten keys Is depressed, as soon as the plunger 
up position, the key lever should strike the stop Fig. 6-u. Bhould be 

8 Adjust set-up slide latch release so when ratchet trips on tn 

«•*«• »»»a •-
rih.n cam returns ball, there should be a tew tfaouaantt'-- clearan 

between carriage stop and carriage when spring stop is depress • * j fluBh 
11. The key bail adjustment is to place the escapement movable p 

with top of rack teeth. Fig. 6-L. 1/22" beyond 
12. Adjust restoring bail return arm so set-up slides overthrow 

latch when slides are being restored. 

Disassembly of Ten Key Unit 
To remove pin carriage: 
1. Remove 4 screws on side frame as well as two nuts. 
2. Remove control key spring. 
3. Remove carriage return spring. ftnlsm and 
4. Remove 3 large and 2 small clips on zero elimination me 

remove links. 
5. Remove 8 dowel screws. 
6. Remove side frame. 
7. Remove operating springs. 
8. Remove right bracket (2 screws). 
9. Remove right bail stop. 

10. Remove operating ball right. 
11. Remove restoring bar (mark upper side). 
12. Move cam operating arm to remove carriage. 

To disassemble unit: 
1. Remove error lever spring and grulde. 
2. Disconnect error lever pawl spring. tin*. 
3. Remove 4 screws and 2 dowels to remove pin carriage cas 
4. Top dowel pins flush with bar. __ m 
5. Remove carriage casting. 
6. Remove release bar lock. 
7. Remove total key interlock link. 
8. Remove ten key operating lever. 
9. Remove total key lock guide. 

10. Remove ten key springs. 

» 
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11. Remove ten key assembly (2 nuts). 
12. Remove key lever guide. 
13. Remove bail spring. 
14. Remove bail asembly. 

TEN KEY SET-UP AND RELEASE BAR INTERLOCKS 
Fig. 7 

Opera Showing the interlocks in their operative position. 
The link shown at the bottom is an interlock between the total keys and the 

ten kevs When one of the total keys is depressed, the link moves to the left, 
lucking out the movement of the ten keys by preventing the bail from operating 

sntKS.» ss. s ~ -
'"JTB"'wV.NTTS.aM Mr i, d.pr.M.d, the r.l.u. Mr Int.flock sxsJtpi Essps, w -

key interlock striking the side of the release bar interlock. contact is 
Fig. 7-D. When one of the ten keys is depressed, the E. L. & T. K. contact 

opened, breaking the circuit to the release bar magnet. 

RELEASE BAR MECHANISM 
Fig. 8 

"^'when the release bar's k 'k® 

=Ksrsx&tt?« «• 
cycle. At the same time, the armature closes the R. B. M holding coma 

Release'Bar Circuits Detailed-Circuits No. 8 through No. 10. 

CONTROIi KEY UNIT 

Operation 110£>ri tn mntrol the various operations of the adding The controlIkes'unit is used to posiUon t0 carry out 

unit and place the other vano p f t k with the classification 
that particular operatic*i The. unit only one key can be depressed 

^ode 'cHbeTll'oAhefunctions of the various keys. However, the two major 
keys are described below with diagram of each. 

Removal of Control Key Unit 
1. Remove control printer. 
2. Remove machine at home. 
3. Remove key tops and key plate. 
4. Remove control key links: 

#5 operates compartment total. 
jpi operates adding machine. 
#3 group total. 
$2 non-add. 
#1 grand total. 

5. Remove control printer disabling stud. 
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6. Remove error lever spring. 
7. Disconnect control key interlock link (1 spring—1 clip). 
8. Disconnect wires from terminal block and control key contacts. 
9. Remove cam arm key return. 

10. Remove zero elimination cam link (outside), 
k 11. Remove 4 control key casting screws. 
P 12. Remove the unit. 

13. Re-installing. 
A. Careful of long interlock link. 
B. Be sure rear printer disabling arm is over stud in disabling link. 

GROUP TOTAL KEY 
Fig. 9 and Fig. 3. 

Operation 
When the group total key is depressed thru links and bell cranks, the symbol 

bar is raised until the group total symbol type is in printing position. This symbol 
is printed to the right of the total, at the same time the compartment printer link 
is raised to a non-operating position. The C. K. contact shown at the top opens, 
as soon as any one of the control keys are depressed, breaking the circuit to the 
release bar magnet. When the key is fully depressed and latched down, this con
tact closes again. 

When the group total key is fully depressed, the G. T. contact on the bottom 
closes, completing a circuit to the release bar magnet which starts the machine 
thru a cycle. The group total, grand total and non-add keys are automatically 
restored at the completion of a cycle. 

The grand total key functions the same as the group total key only it is 
necessary to depress the release bar to start the machine thru a cycle. 
Adjustments 

1. The interlock plate adjusting screw is used to prevent depression of 
. another control key while the machine is going thru a cycle. 

2. The detent plate adjustable eccentric is to prevent the latched down key 
from being restored too soon. The control keys should not be released until 345 
degrees of the cycle. 

3. The symbol bar adjustable eccentric is used to align the symbol type with 
the amount printed on the control tape. 

COMPARTMENT TOTAL KEY 
Fig. 10 

Operation 
When the compartment total key is depressed, thru bell cranks and links, the 

control printer operating link, is disengaged, causing the control printer to be 
inoperative. At the same time, the zero elimination links are moved from their 
inoperative position to their operative position. The hooks holding the asterisk 
and compartment numbers are also drawn clear of the studs, permitting the 
asterisk and compartment numbers to go into printing position, while taking a 
compartment total. 

The compartment total key is restored to its normal position only by depress
ing the key release. 
Adjustments 

1. Asterisk and compartment number adjustable stop is to properly align the 
asterisk and the compartment number with the total printed on the rear printer 
tapes. 
Detent Plates 

1. Upper plate prevents depressing of key while the cam shaft is in motion. 
2. Middle plate Is used to latch the keys down. The action of this plate at 

end of cycle will release the group, grand and non-add key. The add machine and 
compartment total keys are released only by release key. 

3. The lower plate is used to prevent the depressing of the non-add and add 
machine key when any of the three keys in the lower bank are depressed. 
The Direct Effect of Depressing Keys on Adding Unit 

1. Group total key moves group counter engaging stud from add bar to 

Printed in U. S. A. 
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total bar. Also the grand and compartment counter lugs are moved into neutral 

2. Grand total key moves grand counter engaging stud from add bar to 
total and group and compartment to neutral. 

3. Compartment key moves compartment counter stud Into total bar and 
grand and group into neutral bar. Also, zero elimination links are put into opera
ting position. 

4. Adding machine key puts compartment counter stud into neutral bar ana 
leaves grand and group In add bar. 

5. Non-add key puts all counter studs in neutral bar. 

CONTROL PRINTER MECHANISM 
Figs. 14 and 15 

Operation 
The releasing of the hammers in the control printer is controlled by the type 

bars in the adding unit. When the type bars are in their home position, the latch 
arms are drawn clear of the bail movement, by studs riveted into the side of the 
type bars. As the machine goes thru a cycle, the upper portion of the bail moves 
-lear of the hammers, while the lower portion moves toward the hammer latch. 
If no significant figure is set up, no hammers will be released. When a type bar 
is raised to a significant figure printing position, the latch arm thru spring tension 
moves with it until it comes to rest at the bottom of the bail. The operating arm, 
which is controlled thru cam action, causes the bail which is pinned to the oper
ating arm shaft to push against the step on the latch arm, until the tail on the 
hammer is clear of its latching point on the hammer latch. The hammer thru 
spring tension flies forward until it strikes the type, printing the amount set up. 
The bent portion of the hammer latch overlaps the hammer to the right, thereby 
printing the zeros to the right of a significant figure. 

The paper feed arm, which is also pinned to the operating arm shaft, moves 
to the right as the machine goes thru a cycle; as it clears the paper feed ratchet, 
its upward movement is stopped by a stud riveted into the side of the feed control 
lever. In an adding cycle, this stop permits the paper feed arm to move the paper 
feed ratchet one tooth. In a total cycle, the stop allows the paper feed arm to 
raise higher, permitting the paper feed ratchet to feed two teeth. The ratchet 
detent holds the paper feed ratchet in position, while the paper feed arm moves 
back for another feed. 

The ribbon feed arm is controlled by a tail on the paper feed arm. This in 
turn through a lever actuates the feed arms, which have a cammed member near 
their pivot point. This cam portion of the feed arms is held in one position by 
a stud on a small slidable arm, which is under spring tension. This in turn holds 
the feed arms in one position. This arm, which is held by spring tension, remains 
in one position and holds the feed arms so as to feed the ribbon on one spool until 
it is completely depleted on the other spool. At that time, the feed arm is unable 
to turn the ribbon feed ratchet, as the ribbon is pulling at its fixed point on the 
other spool. This will prevent the feed arm from moving a full stroke and will 
pivot, pushing its cammed member against the stud on the slidable arm moving 
it over the high cam point and into the recessed portion on the other side and 
thus reversing the feed arms so the other arm will feed on to the other spool The 
check pawl holds the ribbon feed ratchet while the ribbon feed arm moves'back 
for another feed. 
Adjustment 

The bail adjustment is to assure the unlatching of the hammers Fig 11 
ln h°me Position, the tail of the hammer should be 

held approximately 1/32" past the latching point. Fig. 12. 
contrTo1?epapePr!rKg.dirm adjUStment is to ^sure Pr°Per" pacing of amounts on 

The symbol bar adjustable eccentric is to align symbol with amounts on 
control paper. 
Removal of Control Printer. 

1. Crank in all nines. 
2. Remove two links along side of unit marked "Front." 

•)) 
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3. Disconnect symbol hammer lock link. 
4. Disconnect operating arm link. 
6. Remove two cotter pins. 
6. Remove shafts. 
7. Tip front of unit up in air at an angle and remove unit. 
8. When re-installing operating arm link, press compartment total key and 

insert link. 

REAR PRINTER PAPER UNIT 
Paper Feed Mechanism—Figure 17 shows the feed pawl when the machine is in its 
home position. Fig. 16 shows the feed pawl in its operating position The paper 
feed mechanism is pinned to the same shaft as the paper feed arm shown in Fig. 
19 in the platen operating mechanism. 
Platen Operating Mechanism—Fig. 19 shows this mechanism in its normal posi
tion As the machine goes thru a cycle, the toe on the squeeze bar comes in con
tact with the stud. The blank which the stud is riveted into pivots on its shaft, 
causing the trigger which pivots on a stud on the other end of the blank to push 
against the platen control arm. As the platen control arm moves forward, the 
platen which is pinned to the same shaft moves back until the trigger comes to 
rest against the trigger adjustment. The trigger then pivots on its stud until it 
clears the end of the platen control arm. The platen thru spring ^ies 

ward until the arm shown in Fig. 18 strikes the stop block As the stud moves 
back thru a link connection, the paper feed arm moves with it, causing the pap 

t0 ^Fig0"^ Thows the platen operating mechanism just before the platen control 
arm is released. 
Paner Signal Mechanism—Fig. 21. When a paper roll is nearly depleted, the: link 
operating arm, thru spring tension, presses on the step in the link, causing the 
link to move downward until the paper roll contact is closed. 
Ribbon Feed Mechanism—The operating lever, which is controlled thru cam 
action moves forward and backward. This movement thru a roller in the cam 
slot of the operating lever causes the ribbon feed mechanism to move up 
down The check pawl holds the ratchet in position, while the feed pawl.moves 
away for another feed. When the ribbon reaches the end the stud in the cam 
slot is rocked to the other side, permitting the ribbon to be fed in the opposite 
direction. Fig. 22. 
Adjustment—The trigger adjustment (shown in Fig. 19 of the platen operating 
mechanism) should be set so that the trigger releases the platen control arm at 
nnnroximately 200 degrees of the cycle. 

The paper roll contact is adjusted by moving contact up or down to light 
signal lamp when 18 inches of paper is on any paper roll. Adjust each 
three banks separately. Fig. 21. 

REAR PRINTER TYPE UNIT 

To Remove: 
1. Turn reel to pocket thirteen. 
2 .  Crank up all nines in adding unit. 
3 Remove the three paper racks. 
4] Remove two nuts and spring from each squeeze bar and remove bar. 

Keep screw stud in same slot. 
5 Remove small clip and washer in each squeeze bar operating arm. 
6 Remove screw from lower three operating arms and remove arms 

(Mark each one.) 
7 Remove wires from terminal block and left-hand contact, 
g' Remove BX cable clamp on inside. 
9] Remove two bearing screws. 

10 Remove three springs from operating levers, 
ll' Remove twelve dowel screws and remove entire casting. 

He-installing Notes: 
1. Use block to hold sectors. 
2 .  Mesh sectors in racks properly. 

. . a a Page 26 
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3. Re-positlon ribbon operating arms. 
4. Use care in replacing wires. 
5. Test each squeeze bar for binds. 

POCKET INDICATING BAR SET-UP AND REAR PRINTER SELECTION 
MECHANISM—Fig. 23. 

Operation 
As the reel is revolved to the desired pocket, the heart-shaped cam, which 

is attached to it, also rotates. The cam roller, which rides on the cam, is raised 
or lowered so that the pocket type bar comes to rest in a position in which the 
type corresponding to the number of the pocket selected is on the printing line. 

In mesh with a rack on the pocket type bar is a gear, which is also in mesh 
with a rack on the right-hand end of the pocket indicating bar, the rack on the 
left-hand end of the pocket indicating bar is in mesh with a gear on the reading 
wheel. .As the pocket type bar is raised and lowered, the gear revolves, sliding 
the pocket indicating bar forward or backward. This sliding motion revolves the 
reading wheel to a position which allows the number corresponding to the pocket 
selected to be read thru a window in the top panel. 

As the pocket type bar is raised and lowered, the squeeze bar positioning 
lever, which pivots on a shaft, moves with it, allowing the squeeze bars to assume 
positions which will align one of the toes with the proper operating stud. The 
squeeze bar toes are spaced so that only one toe and one operating stud will line 
up for each pocket selected. 
Adjustments—Fig. 23. 

1. The squeeze bar positioning lever rides under a turned-over blank, which 
is fastened to the squeeze bar. This blank can be adjusted to properly align the 
toes with the operating stud. 

2. The operating lever adjustment is to properly align the symbol type with 
hammers. 

3. The adjustment on inside of reading wheel is to position the pocket 
number in the window. 

4. The adjustment on the heart-shaped cam is to move cam on its hub. This 
adjustment is made only when it is impossible to adjust the operating lever so as 
to position type opposite hammers. This will raise or lower half of the type, 
namely, 1-12 or 24-11. 

CHECK FEED MECHANISM 
Fig. 24 

Operation 
The check is placed manually in the cut-out portion in the upper feed rolla 

When the machine starts thru a cycle, the feed rolls begin to revolve, feeding the 
check into the small rolls. At five degrees of the cycle, the check feed mechanism 
begins to drop, enabling the small rolls to enter the pocket, insuring the entry of 
the check into the pocket. At the same time, the retainer fingers are lowered 
into the pocket. The bail arm rollers come in contact with the bail arms and the 
bail is carried to the back of the pocket. The space between the bail and the 
retainer fingers is for the incoming check. This insures a clear passage and also 
stacks the checks in sequence as they are deposited into the pocket. As the 
machine completes its cycle, the check feed mechanism is raised, the retainer 
fingers are withdrawn and the bail comes to rest against the checks in the pocket. 

The counting of the checks is accomplished in the following manner: If a 
check is feeding into the pocket, the feeler fingers come to rest against it and hold 
the counter control blank clear of the counter link, permitting this link to make 
its full movement. This movement adds one into the veeder counters. 

If the check does not feed into the pocket, the feeler fingers pass thru the 
chute and the counter control blank drops into the path of the counter link, pre
venting the veeder counters from operating. 

Adjustments 
Bail Arm Roller—The purpose of this adjustment is to move the ball against 

the back of the pocket to prevent checks feeding behind it. It should be adjusted 
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with the check feed mechanism in its down position so that the bail is pushed 
against the back of the other pocket with some tension. 

The check on this adjustment is to crank a check into the machine. When 
the check is in a straight line with pocket bail, they should miss by 

Bumper Adjustment—When the retainer fingers are in their own position, 
the bumper should strike the shaft in order to take the strain from the cam roller. 
Disassembly—Removal of Left Side Frame and Check Feed Assembly 

1. Remove check chute. 
2. Crank machine to 180°. 
3. Remove pin carriage operating springs. 
4. Remove pockets selector key unit clamp; tip back. 
5. Remove wires from terminal block and block screws. 
6. Remove cable clamp. 
7. Remove cable insulating nut (under counters). 
8. Remove counter operating arm. 
9. Remove pocket capacity operating spring. 

10. Remove veeder counter operating spring. 
11. Remove feeler finger shaft operating spring (long). 
12. Remove 2 BX cable clamps (tip side down for one). 
13. Remove check retaining guide arm shaft. 
14. Remove check retaining finger bumper bar. 
15. Remove check retaining fingers (2 casting screws). 
16. Remove check feed cover screws. 
17. Remove check chute support screws (swing over). 
18. Remove side frame dowel screws (seven). 
19. Remove side frame. 
20. Drive out check feed cam taper pin. 
21. Remove bearing caps and bearing housing. 
22. Remove check feed cam. 
23. Slip out feeler finger shaft assembly. 
24. Slip out check feed. 

POCKET SIGNAL MECHANISM 
Fig. 25 

Operation 
The pocket signal mechanism pivots on a shaft. The movement on one end 

is controlled by cam action while the other end comes in contact with the bail 
arm. The position of the bail arm is controlled by the checks In the pocket. As 
a pocket reaches its capacity, the switch is thrown to its "On" position and thru 
the latch on the reset key is held in this position until reset key is depressed. The 
switch is the pocket signal contact on the circuit diagram. 
Adjustments 

1. The pocket capacity adjustments shown on the drawing should be held 
at %" With the block, which is furnished to the servicemen. In the pocket, turn 
the machine to approximately 300 degrees In its cycle. The switch adjustment 
should be made to throw over to its "On" position at this time. 

2. At this same time, the latch adjustment should be made to overlap 
about 1/32". 

3. Switch reset adjustment is to knock switch to an "Off" position before 
cam arm comes to rest on cam. 
Method of Removing Switch Box 

1. Remove veeder counter. 
2. Remove small idler gear of check feed nut on outside. 
3. Remove switch box cover (2 nuts). 
4. Remove switch arm pivlt stud. 
5 .  Take off adjusting nuts and remove box. 
To remove unit, it is necessary to disassemble the check feed unit. 

CHECK SENSING MECHANISM 
Fig. 26 

°pe™J11gncheck sensing mechanism is described in the electrical circuits No«. 11 
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thru 13. When one of the control keys Is depressed, the circuit to the check 
control toS|. lnVr°ken the dlsabling contact. When the check sensing 
depressing the ke-Jth P°8i, and the check 8ensIne magnet Is energized by depressing the key, the machine again becomes operative. 

depressing the check sensing control key and pulling it slightly forward. 
oper^el wUhoutgthTet,COntaeCtiS h6'd Cl°8ed' Permitting^ tL mThlneTbt 
are closed bm shnitM k 8 °fvchecka' Normally the check sensing contact, 
strap be °Pened by the check 88 « Pa5seB the tip of the contact 

Adjustments 

condition&t^e ̂ heck' sei^Ing^contacU? °b,a'n Pr°Per maklng and breaklng 

condition on t h e^diasblin cr"^n't* U8ed to obtaln tb« proper making and breaking 
This contact is normally closed^nd^houlri'^.nJ^f ^ C°ntro1 keys are depressed, depressed. nornla,ly closed a"d should open when one of the control keys is 

KEEL DRIVE AND STOP MECHANISM 

Operation ^ 27 and 28 

pulling down the stoIpCarm^ThrouehPaeSSe<!iithC r6e' 8t0p 8oIenold 18 energized, 
stop block on the reel When the stoo ! med,Um °f llnks and 8tad8- clear of the 
the lugs on the stop arm latch link ho^n^s PU"ed d°Wn' tbe ,atch moves over 
the WhPileatthe smaenet C°ntaCt to 8t°P arm" and permlttlng 

are clear of the rTel^tTp blockf "he^leM d°wJ iby th® 80len0,d and before lhey 

turn energize the reel lock magnet wh- n ^ de'ay contacts are made, which in 
This in turn breaks the reel lock contact^,,? v® th® reel Iock free of the reeL 

and makes the reel lock lower contact eoSfT'n °h ln the reIea8e bar circuit, 
magnets. contact, completing the circuit to the drive clutch 

Pivots a yoke and MurnM«e«t they attract an armature, which 
tinuously running from a direct drivenntt, WUh a dr,ven dlBC. which is con-
set up by the engagement of the clutch t D^tor generator unit. The friction 
c tPlng' if the cIutches are properlv irtt 8ufflcient to rotate the reel without 
clutches is to have .012 between each ci , lU8 ed" The ldeal adjustment for the 
ture centralized between the cores of th 8 and drlven d,8C wlth the arma" 
central position of the armature is amrny""8® and norma' clutch magnet. The 

Th d-nd ^ 8ide of the armature. '°62 between the cores of the 

shaft ThiS iD tUrn easage ̂ one of^he two^Tl ^ energlzlnK one of the two mag-
oa which the reel drive sprocket i clutches, which are geared to another 

EX?""* to this sprocket shaft thLl8r.U,lted- The one drive disc clutch is 
^aftVth6 °ther drive disc clutch is Glared ^InIngvf rever8e direction for the reel 
tion rn^6 8ame movement, thus turfin J ft Vgh an ldler' thus giving the two 
that*« reel rotates until it is 7% def™ J66 ln a clockw*«e or normal direc-that time, the rpoi i_. _, '* degrees from it* naviv ...ui/tn At 

arms to move up into 'the V.TotVelCTT UBk" a8d 'he stop 
t the same time th* lot^v p blocka on the reel 

^he reel"adnSferred' cIosir^ the top S and"6^6'5, the Utch magnet contaCt " 
ing hew k6S n0t stop because of the fatch °penin* th® lower straps. However, 

8t°PSHee ree' 8t°P 

broke^arfd't111*6 Bt°P arms will "be^un ^nowm"?*1116 by the brake friction plat®* 
reel and ret Permit the reel lock to >f reel lock delay contacts to b8 

and return all contacts to normal g° baCk ,n the Iug °r .top block of th. 
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Slip Clutch Oil Motor Drive 
The slip clutch is to prevent the breakage or straining of parts if the machine 

.does not function properly. The adjustment should be made so the mfchTne wUl 
properly! its cyc,e wltb a margin of safety when every pVrfis functionTng 

PURPOSE OF CONTACTS AND SIGNAL DEVICES 

pock1rpfsmo?tnoabr;e.eLCd!ntaCt °°mPleteS * °lrCU,t Wh,°h °aU8eS the deslred 

^e^oLung^fa'te ^Thl^etaH C°nSlStf ?* tW° plate8' one stationary plate and stating Plate. The stationary plate contains twenty-six wiper contacts 
thT r i J ° 6 Per contacts represent the twenty-four pocket positions of 
two ,?,?!, arfe c°nnected to their corresponding selector key contact. The other 
two wiper cantacts are used to make contact with the common rings on the ro
tating disc. The rotating disc consists of two complete contact rings on different 
: ; f" a third radius consisting of three segments. The ^alf segment ifcon-
mnefrinV The other ^ a"d °ne °f the large omenta is connected to the nner ring. The other large segment is inserted merely to minimize the wear as it 
is not used for any electrical circuits. The small segment is ™r the purposf of 
determining when the drum arrives at the selected position, and the large section 
rntlto 1 COnnected ™ th inner ring, is used to determine when the drum is to 
r tate in a reverse direction. The rotating disc is pinned to the reel shaft and 
rotates in synchronism with the reel. ana 

Pocket Signal Contact—This contact indicates when the pocket has been filled to 
ts capacity number of checks. When the mechanism functions, closing the con

tact, it causes the reel operating and release bar cricuits to be inoperative and 
^completes a circuit to the pocket signal light. 

Sign,al Lamp—This lamp gives a visible indication, by means of a green 
that the P°cket at which the reel is positioned is filled to capacity. 

Contacts—These contacts complete a circuit to the paper roll signal 
lamp when any one of the compartment tapes get within two feet of depletion. 

Lamp—This lamp gives a visible indication by means of a red 
light that the tapes are getting low on the compartment printers. 

£°n !̂>i?I?menti,Pril̂ r Gontacts—These contacts cause the release bar circuit to be 
Inoperative when the compartment printer racks are not latched in place 

tDh0e0:pCê r̂ ftLCOdoorCtopen.SeS  ̂̂  ̂  re'eaSe bar t0 be '"operative when 

Reset Contact—This contact causes the buzzer sensing circuit to ho . 
t " h " r i * " e r  * o h e o t " "  ' » « " • « > ' «  « » « £  . T S S L 3  
B"zzer-The buzzer &ives an audible signal to the operator indicating that 
check has not been fed into the machine properly. ' 
Release Bat Contact No. 1—This contact tha «oai . , . 
the cam shaft is going thru its cycle 661 t0 be lnoperative while 

Release Bar Contact No. 2—This contact completes a circuit to tn„ , 
magnet whenever the release bar is depressed. release bar 

iR. B. M. Holding Contact—This contact completes a holding circuit to tt. . , 
tear magnet, keeping it energized until R-4B points arc omLfu ? release 

,h« ,t ,h„„„ „„„a JKiTSiK"'" ",1-
EL & TK Contacts—This contact causes the release bar oriouit t v, 
unless the "error" lever is In its normal position and unless In of t^o 'nope,rativ« 
ten key set-up are in their "up" position 11* »• 

S;.Vn™oT̂ ™.0T" IpoBltion,a,r<thCU" *° bS '»•-»«". unless 
operated is in the "down" position and hatched down® C k*y that ls beln* 
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G. T. Contact—This contact completes a circuit to the release bar magnet whenever 
the group total key Is depressed. 
F. F. Contact—This contact senses the angle at which the check Is fed into the 
machine by means of the feeler fingers and the feeler finger shaft. 
Check Retainer Contact—This contact senses that there is a check behind the ban, 
by means of the check retainer. 
Check Sensing Contacts—These contacts sense whether or not the check was fed 
into the machine. 
Check Sensing Magnet Contact—This contact causes the reel and release bar to be 
inoperative if a check is not fed into the machine. It also causes the selector keyp 
to be locked out so that they cannot be depressed. 
Disabling Contact—This contact renders the check sensing inoperative when using 
the control keys. 
CC No. 1-A—This contact completes a set-up circuit for R-4 relay causing the re
lease bar magnet to deenergize after the release bar is latched down by mechanical 
means. 
CC No. 1-B—This contact causes the reel to be inoperative should the release bar 
contact No. 1 close before the cam shaft completes its cycle. 
CC No. 2-—This contact operates the circuit that senses if the check is behind the 
bail in the pocket in series with check retainer contact. 
CC No. 3—This contact actuates the circuit that senses if the check 13 fed into the 
machine straight or at an angle in series with F. F. contact. 
CC No. 4—This contact actuates the circuit that senses whether or not the check 
is fed into the machine in series with the sensing contact. 
Reel Stop Latch Magnet Contact—This contact breaks the circuit to the reel stop 
solenoid and closes the contact in the clutch circuit after the stop arms are pulled 
down clear of the drum and latched down. 
Reel Stop Timing Contacts—These contacts keep the clutch magnets energized 
until the reel is positioned. 
Reel Lock Delay Contacts—These contacts control the reel lock magnet circuit so 
that the reel lock is held clear of the reel until the reel has been brought to rest 
by the reel stop mechanism. 

R. L. C. (U) Contact—When the reel lock has been positioned, this contact is 
closed and completes a circuit to the release bar magnet, making it operative when 
the release bar is depressed or the G. T. key is depressed. 

R. L. C. (L) Contact—This contact completes a circuit to the clutch after ihe 
reel lock has been moved clear of the drum. 

PURPOSE OF MAGNETS 

Selector Key Lock Magnet—This magnet causes the selector keys to be locked 
if the pocket signal contact operates or if the check is not fed into the machine. 

Release Bar Magnet—This magnet operates the clutch mechanism of the cam 
shaft. 

Check Sensing Magnet—This magnet operates the check sensing magnet con
tact when the check fails to feed into the machine. 

Reel Lock Magnet—This magnet operates the reel lock mechanism. 
Normal and Reverse Clutch Magnets — These magnets operate the clutch 

mechanism in its proper direction. 
Reel Stop Latch Magnet—This magnet releases the stop arms Just before the 

drum arrives at the desired position, so that the stop arms will get in the path of 
the stop block in time to stop the reel at the desired position. 

Reel Stop Solenoid—This solenoid pulls the stop arms clear of the drum so 
that the reel can be rotated. 

PURPOSE OF RELAY CONTACTS 

R-1A—This contact causes the release bar circuit to be inoperative when the 
reel is in motion and if the reel should stop at a pocket other than that selected. 

Page 34 L. 
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.ectin^i^pockerpLitCand ̂ 7̂ ? •*" St°P S°leDOld when se" 
arriving at the selected pocket posftion? ^ St°P S°len°id Circuit °Pen UP°" 

termfnfdVy™" * Mt l° ^ Pr°Per clutch as de-

R-3 relay after RVrelay'has8operated" 'hu^Drev selectoJ' dis° half segment to 
broken on the selector disc. ' preventing the circuit from being 

been^'perated^thru^he'setector'dlsc. h°ldin& ^ f°r R"3 reIay after R"3 h-

magfe;3^rTatlon.°nta0t C°mpletes a cir2uit thru the R-2 relay for a reverse clutch 

bar ~ ̂  tha release 

PeeD^g|£i|^j^P^aI^^^^"h3£Ulykso* hat Sth^ cam'shaft ^ll^ake6ontj^cum cycle*8^ 

fSST the ^ si^operat1rindicatmge th5 £££££&?%£ 

J" r'TI UmeS th6 °PeninS °f the Clutch circuit. 

reiay untii *• 
Ing ^r7f^SfedXetckV°aPseopetraeterr1thusP so'enold circuit when the check sens-

The part numbers of ' "l™ making the reel inoperative. numbers of the relays and the type of relays are as follows-

Part No. At Armature End Part No. A B Relay No. 
111373 m 
111374 1 

M 
M 

DM 

B 2. 
111376 
150482 

1 
M 
M 

DM 

M 
B 
B 

3, 6 
1. 4, 5 
7 

CIRCUITS 

tion when0thaeCma°in line swUch'is "Off"" ^ Sh°Wn in their —al posl-

to make sure thlt S^s^cto^key'Cco^spo^dlng1'tolh "it® switch- U is hest 
Indication wheel Is depressed. If the selector kev is ! t t>0Sltl0n shown on the 
drum will start to turn because the circuit is nnt „ , depressed, the selector 
and selector disc. U 13 not c°mpleted to the selector key 

completed to^he Tee?stop lato^mag^et"^and "R ??? ?ene,rat°r a circu« will be 
has been depressed. This causes the r!i r ,a^ „T±l"6*0*6 has been depressed. This causes the "R i roio, + act that a key 
and opening the R-lB pointT^ Points 
complete the release bar circuit so the reieno« v* points makes it possible to 
the release bar isTepr^sed The 0pen!ng o^f « nZT?VWlU, be °Perative when reel stop solenoid. contact breaks the circuit to the 

manner: 2TLhekeyetor° the des^d nocked f a-°mpIi3hed ln the following 
the newly selected key, the kev that we* fnr ? !! dePressed. Upon depressing ss fi-ssftras Er5 *~£ £ 
circuit to the reel stop solenoid. contact completes a 

No. 3. The completion o, the cicuit to the reel stop solenoid causes the 
Printed in TJ. s. A. 
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solenoid to operate, and pull down the reel stop arms through Its associated 
mechanism. As the stop arms are being pulled down, the reel lock delay contacts 
are closed, causing the reel lock magnet to become energized, moving the reel lock 
clear of the drum. 

No. 4. When the reel stop arms are pulled all of the way down, they are 
latched down by the latch magnet mechanism. This mechanism also transfers the ^ 
reel stop latch magnet contact, opening the reel stop solenoid circuit and closing 
the circuit to the clutch magnet. After the reel lock is completely clear of the 
drum RLD (L) is closed, completing a circuit to the clutch magnet, and R-6 coil. 

No. 5. At the same time, a circuit is completed to R-6 coil. 
The closing of the R-6B points completes a holding circuit for the R-6 relay 

and also completes a parallel circuit to the clutch magnets, keeping the magnets 
energized until the stop timing contacts are broken, when the reel stop blocks, 
strike against the stop arms. 

No. 6. The proper clutch magnet is selected by means of the selector disc, 
R-2 and R-3 relays. If, upon depressing the selector key a circuit is completed 
to the half sector commutator, R-3 relay will be energized. 

No. 7. The energizing of R-3 relay causes the R-3A and R-3B contacts to 
close. The closing of R-3A sets up a holding circuit for R-3 relay. The closing of 
R-3B contact completes a circuit to the coil of R-2 relay. 

The opening of R-2B points breaks the circuit from the selector disc, thus 
preventing this circuit from being broken on the disc itself. The reversing of the 
R-2A points causes a circuit to be completed through the reverse clutch magnet 
when RLC (L) and the reel stop latch magnet contact are closed. If the circuit is 
not completed through R-3 relay, R-2 relay will not be energized and R-2A points 
will be as shown in the large diagram, thus completing a circuit through the 
normal clutch magnet when RLC (L) and the reel stop latch magnet contacts are 
closed. 

As the reel revolves, the rotor of the selector disc revolves with it. When the * 
small segment on the rotor selector disc comes in contact with the point cor- * 
responding to the selected position on the stationary disc, a circuit is completed 
through the reel stop latch magnet and R-l coil. This is then a repetition of No. 1 
circuit with the mechanical function of the reel stop unit completing the position
ing of the reel. 

Nos. 8 through 10—Release Bar Circuit—Assuming that R-4B, R-1A, RLC 
(U), compartment printer contact, EL & TK contact and CK contact are closed, 
when the release bar contact No. 2 is closed by depressing the release bar or the 
G. T. contact is closed by depressing the group total key, a circuit is completed 
through the release bar magnet. 

No. 8. When the release bar magnet armature operates, it closes the RBM 
holding contact. The RBM holding contact holds the release bar magnet energized 
in case one of the contacts, which it shunts around, should be open while the cam 
shaft is going through its cycle. This is to make sure that the release bar will 
be held down until the completion of the cam shaft cycle. 

At about 250 degrees in the cycle, or after the pin carriage restoring bail 
has started forward, CC-1A closes a circuit to R-4 relay. 

No. 9. The closing of the R-4A points completes a holding circuit for R-4 relay 
so that if the release bar or the group total key should be held down, the machine 
will only go through one cycle. 

No. 10. The opening of R-4B contacts breaks the circuit to the release bar 
magnet so that the cam shaft will latch up at the completion of its cycle. 

When the release bar magnet armature is restored to its normal position, the k 
RBM holding contact is opened. When both the release bar contact and the G. T. 
contact are opened, the circuit through R-4 coil is broken, allowing this relay to 
return to normal. The circuit is then set up ready for another operation. 

Nos. 11 through 13—Check Sensing Circuits—The purpose of the check sens
ing mechanism is as follows: (A) To determine whether or not the check is fed 
into the machine, (B) To determine if the check is fed Into the machine crooked 
or straight and (C) To determine if the check is fed In front or behind the check 
retaining bail. 

?age 3s 
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pliShedWTmea?sTficecWNoet4eL0d%h0et check'se^ ^ the ma°hine is accom" 
contacts are operated by the check and are i„»,tTS coluact- The check sensing 
check feed chute nn / f located approximately 1" down in the 

lBri;,h ,he *»«£«" 32 
chute and open^the feeler finger^contact CcTno TlKT the Ch^ck 

proximately 130 degrees, or the equivalent to a 5" check and'bleaks^™300%Agrees 
If a check goes through normally and is not more than 4'/" wide the ? 1 

Bnger contact will be opened before CC No. 3 closTs If the clflck ii f'ed throuah 
raVltM^ an angle, the feeler finger contact will not be opened before CC No 3 
makes and a circuit will be completed to R-7. The operation of R-7 meteo tV, 
reel i°operativeand sets the buzzer sounding, but the release bar is not locked6 

1 means of CC No 2 and th % If the P°°ket bail is accomplished by eans 01 a No. 2 and the check retainer contact. CC No. 2 makes at an 
operated by "stud^r^1^ bFeakS at/B° degrees" The check retainer contact is 
fhffthh.Af v °n the cam arm of the check retainer fingers. If there is no 
hall k behlnd the bail, the check retainer fingers enter into the pocket before the 
bail is brought back. When the fingers reach the end of their travel, the check 

"®r contact is opened. As the bail is brought back, the check retainer fingers 
pass through slots in the bail, then CC No. 2 closes and opens. No circuit is com
pleted, because the check retainer contact is open. 

*5 'b®re ls a check behind the bail, the check retainer fingers will be forced 
and™!*e*r true position due to the slots in the bail being obstructed by the check 
and cause the check retainer contact to close. Then CC No. 2 closes, completing 
a. circuit through CC No. 2, check retainer contact, and R-7 relay. This causes 
at too'great arT angle3 ^ & Ch6Ck that haS been fed into the machlne crooked, or 
, T]1^ sensing of a check behind the bail does not sense the check as it goes 
behind the bail, but senses when feeding the next check that is to be fed into that 
puCKci. 

No. 13. Buzzer Holding Circuit. 
Tbe buzzer holding circuit is maintained by the closing of the points of R-7A 
at the same tlme completes a circuit to the buzzer and is held until the 

operator presses the reset contact which is located by the door contact This drons 
R-7 and returns the circuits to normal. p 

No' j4' the PaPer on one of the rolls in the compartment printer is nearly 
exhausted, it allows one of the paper roll contacts to close, completing a circuit to 
the paper roll signal lamp which indicates to the operator that this condition exists 
.. No", .a °ne of the Pockets of the reel should become filled to capacity 
the pocke. signal contacts will be closed, completing a circuit to R-5 coil and tn 
the pockets signal lamp which will indicate to the operator that the pocket should 
be emptied. The energizing of R-5 causes the R-5B points to open so that the 
circuits cannot be set up to operate the reel, also locking out the release bar by 
opening* K-1A, " 

Printed in U. 8. A. 
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Current Weight and Dimensions 

The operating current for the Test Scoring Machine without 
and with the item counters is as follows: 

Item Ctr. Total 
Voltage Amps. Amps. Amps. 

115 DC 3.0 1 3 
230 DC 2.0 .5 2.0 
115 AC 60 cycles single ph. 3.6 1 3.6 
230 AC 60 cycles single ph. 2.0 .5 2. 0 

NOTE: Total amperes do not equal the sum of two units because 
the duty periods do not occur at the same time. 

DIMENSIONS: Length 38" Height 2 9 j "  Width 2 9 j '  
WEIGHT: Packed 580 lbs. With 807 640 lbs. 

Unpacked 425 lbs. With 807 485 lbs. 
HEAT DISSIPATED in BTU's PER HOUR: AC - 1030 

DC - 1170 
SPEED -- All items in a test or part of a test are scored si

multaneously so that the speed of the machine in practice is limit
ed only by the speed with which the operator can insert the answer 
sheets and read the scores on the meter. Averages range from 
400 to 1,000 scores per hour, depending on individual conditions. 
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ADJUSTMENTS 

The following adjustments ap
ply to the Type 805 Test Scoring 
Machine: 

Paper Channel - Figure 1 
Adjust the paper channel guides 

by the screw protruding through 
the side covers so that the answer 
sheet response positions line up 
horizontally with the sensing con
tacts. The answer sheet should 
have approximately l/32" free
dom of movement over the ends 
to facilitate ejection of the answer 
sheet. 

The paper channel screws i-
dentified by a spring under the 
heads are located above and to the 
front of the shutter adjusting worm 
shaft stud. 

Paper Shutter - Figure 1 
Adjust the paper shutter studs 

that protrude through the inner and 
right side cover so that the answer 
sheet lines up vertically with the 
sensing contacts. 

The paper channel guide and 
paper shutter adjustments may be 
checked by placing a piece of soft 
carbon paper in the channel with 
an answer sheet so that the carbon 
is next to the answer sheet. De
press the motor key twice and re
move the answer sheet and carbon 
paper. The position of the carbon 
deposits in relation to the response 
blocks on the answer sheet will 
indicate the paper alignment to the 
sensing unit. 

Paper Deflector - Figure 2 
Adjust the paper deflector piv

ot brackets so that the deflector 
is free and its fingers lay flat a-
gainst the throat when the platen 
is in scoring position. 

Adjust the deflector operating 
cam so that with the platen re
tracted the deflector fingers are 
in a vertical position. The cam 
should not interfere with the de

flector when holding the paper down 
against the throat. 

Figure 1 

Figure 3 
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Adjust the deflector backstop 
so that the deflector cannot be 
pulled any further forward than the 
vertical position when the platen 
is retracted. 

Platen Alignment Tension Springs-
Figure 3 

Adjust the four platen align
ment stud nuts so that the springs 
are compressed approximately 2". 
Then adjust the stud nuts individ
ually so that the platen approaches 
the sensing unit squarely. The 
lower alignment stud is not visi
ble in the illustration (Page 3). 
NOTE: This adjustment should be 
made with the throat and paper de
flector on the machine. 

Platen Pressure Stud - Figure 3 
Adjust the platenpressure stud 

so that the motor will stall with 
four sheets in the paper channel 
and not on three. Loosen the plat
en pressure stud setscrew before 
moving the pressure stud. 

Check at this time to see that 
the platenpressure is even all over 
the sensing unit. This test is made 
by using a piece of carbon paper 

facing an answer sheet and by op
erating the platen. The impres
sions of carbon should be nearly 
uniform in all areas. A very light 
impression indicates light pres
sure due to a low area in platen 
or a low sensing contact. It may 
be necessary to sand down the 
high areas of the platen to the low 
areas to even up the pressure for 
proper scoring. 

Motor Drive Unit 
1. Adjust the end play of the 

motor armature shaft to .005'* by 
adjusting the thrust bearing plug 
(Figure 4). Check to see that the 
commutator lines up properly with 
the brush holders. 

2. The motor start contact 
should have l/32" rise from its 
brass support when the dog stop 
is latched by the dog latch. The 
driving dog should be released just 
before the contact makes. 

3. The motor start and the 
run contacts should have good ten
sion when made; the points should 
break with l/32" air gap with the 
motor drive unit latched up. 

4. With the dog stop against the 

Motor S 
Contact 

Armoture Thrust ] 

Beoring Support Ping 

Figure 4 
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Clutch 

/ 
Clutch 

Driving Dog 

dog there should be .045" clear
ance between the end of the detent 
and the detent notch when the clutch 
disc is pushed ahead as far as it 
will go (Figure 5). 

5. The dog stop should over
lap the dogs approximately l/32" 
with the dog stop in the normal po
sition. 

6. With the clutch latched and 
the detent seated, the driving dog 
should have l/64" between it and 
iho ratchet to prevent "dragging" 
of the dog (Figure 6). Check when 
latched on either dog. Lengthen or 
shorten the dog connecting link by 
peeningto obtain the same on both. 

7. The dog stop, when latched 
on its latch, should have approxi
mately 1/32" unlatching clearance 
to both dogs (Figure 7). 

8. Pos ition the moto r key shaft 
in the hub of the operating arm on 
the left end of the motor key shaft 
so that the dog trip latch is under 
the dog stop by approximately 
1/64" with the clutch latched up 
(Figure 8, page 6). 

9. Adjust the trip pawl cam so 
that the dog stop is driven 1/32" 
to 1 /16*" past the latching point 
on the dog stop latch before the 
tripping pawl is cammed off the 
dog stop (Figure 9, page 6). 

10, The length of the toggle con
necting link should be adjusted so 
that the toggle links are carried 
l/32" past dead center when the 
links are straightened out (Figure 
10). This adjustment assures that 
the dog seats in the one tooth ratch
et before the toggle is collapsed 
when releasing a test sheet. 

Figure 5 

l/64" clearance 
clutch is latched. 

Disc 

1/64" clearance 

Paper Shutter Trip Mechanism 
1. With the motor key in the 

normal position the shutter trip 
operating arms should be posi
tioned so that the shutter trip lev
ers hold the latch levers approxi
mately 3/32 " above the latch block 
( Figure 11 ). This adjustment 
should be the same on both sides 
so that the shutter will trip evenly. 

2. The latch block on the plat-

Figure 6 

Figure 7 
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Figure 11 

Figure 8 

Figure 10 

Shutter 

en casting should be positioned so 
that the shutter latch drops over 
the latch block with at least .010" 
clearance between the block and 
latch surface of the latch lever 
when the platen is against the sen
sing unit (Figure 12). 

Dog Stop 
Trip Pawl Latch 

Paper Shutter Signal Light Con
tacts 

1. Adjust the contacts to make 
with light tension when the shutter 
slide is against the shutter stops. 

2. Readjust the contacts to be 
ope n  with an answer sheet between 
the shutter slide and shutter stops. 

3. Check with an answer sheet Shutter 

caught between the shutter slide 
and shutter stop only on one side 
or the other to see that the contact Paper Shutter 

Latch 
on that side is open, preventing 
the shutter signal light to be ON. 

Figure 9 
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Subframe Stop Studs - Figure 13 
1. Adjust the stop stud lower 

so that the crank stops in a hori
zontal position when the subframe 
is all the way to the front of the 
machine. 

2. Adjust stop stud upper so 
that when the subframe is all the 
way in for scoring that the crank 
is stopped in a horizontal position 
so that the crank handle may be 
folded in. The crank should make 
four complete turns, moving the 
subframe from one extreme limit 
of travel to the other. 

Master Control Switch - Figure 14 
1. The contacts should be ad

justed to have sufficient rise off 
the supports when closed to make 
a good contact. 

2. The switch rear contacts 
should have very little tension 
when they are opened and are a-
gainst the cams. With the contacts 
adjusted to have good tension when 
made, the operated strap should 
be adjusted with the contact mount
ing block off the switch frame so 
that the contacts open with 3/32" 
air gap. 

3. The detent spring should 
have heavy tension against the de
tent and the cam. 

Check to see that there are 
NEVER more than one group of 

contacts made at a time when op
erating the switch. _. 

Figure 13 
Answer Key Frame 

1. Adjust the two answer key way in the scoring position, there 
frame support screws so that the should be at least the thickness 
pins in the pin set unit line upcen- of three answer sheets clearance 
trally in the holes of the key frame between the ends of the item pins 
vertically. and the backing plate. 

2. Adjust the screws in the If this clearance cannot be ob-
sides of the frame so that the pins tained or held by the stop stud 
in the pin set unit lineup laterally upper, the subframe will have to 
with, the holes in the key frame, be moved forward in relation to 
The key frame should fit snug be- the shaft nut plate. Place shims 
tween the side plots of the sub- between the shaft nut support plate 
frame. and the shaft nut support upper and 

Check the bottom of the key lower until the proper adjustment 
frame as well as the top. is obtained (Figure 15). 

Subframe and Pin Set Unit Resistor Unit 
When the subframe is all the The resistor unit rests at the 

Figure 12 

Shoft Nut 
Support Plat* 

Worm Shaft Nut 
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bottom on two adjustable screws 
to align the unit properly in a ver
tical position. They should be ad
justed so that the tips of the re
sistor s center with the sensing and 
pin set unit contact caps. The ad
justment screws on the sides in 
the side frames position the unit 
laterally to align the tips of the 
resistors with the sensing unit and 
pin set unit contact caps. These 
screws merely position the unit 
and do NOT hold the unit. The unit 
should be free to shift. 
Meter 

The meter needle should be 

set to read 1/2 by adjusting the 
zero adjustment screw. The orig
inal scoring settings should also 
be set to read the number of an
swers recorded plus l/2. A score 
of 75 should read 75j> 

If a meter appears to be in
accurate, the meter calibration 
test should be run after the power 
supply has been thoroughly check
ed for proper voltage regulation. 
If the meter is not linear in its 
readings from 0 to 100 and the 
error is progressive in nature, the 
compensating plate on the face of 
the poles of the movement (Figure 
16) may be moved slightly to ad
just for proper readings. If the 
meter reads low, move the plate 
slightly to the right. 

Do NOT make any other ad
justments to the meter movement. 
Be very careful when adjusting and 
checking the meter as it is a DELI
CATE and a PRECISION instru
ment. 

Electronic Power Pack Voltage 
Adjustments - Figure 17 

Figure 15 The power pack has three ad-

Figure 14 

Worm 
Shaft 
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Figure 16 

Needle Bumpers 

justable potentiometers marked 
90, 225, and 135 protruding through 
the chassis. The voltages are reg
ulated by the potentiometers and 
should be adjusted in the following 
manner: 

1. Adjust the 225 potentiom
eter for 225 volts from the plus 
terminal to the 225 volt terminal. 

2. Adjust the 135 volt poten
tiometer for 135 volts from the 
plus terminal to the 135 volt ter
minal. 

3. Adjust the 90 volt potenti
ometer for 90 volts from the plus 
terminal to the 90 volt terminal. 

Recheckall settings and reset 
if necessary. The transformer 
has three taps on the primary side 
labelled 0, 105 and 115. Normal
ly, the 0 and the 105 voltage tap 
are used. Tf the outside power sup
ply voltage is normally above 115 
volts, the wire on the 105 voltage 
tap should be moved to the 115 
voltage tap. 

CIRCUIT ANALYSIS 

Circuit Testing 
It is important that a Test 

Figure 17 

Light should NEVER be used to 
trace circuits in the Test Scoring 
Machine for the following reasons: 

1. It endangers and possibly 
damages the meter. 

2. It breaks down or carbon
izes an existing high resis
tance current leakage be
tween circuits. 

3. A test light will not indi
cate high resistance cur
rent leakages which are 
causing errors in scores. 

Compensating Plcte 
Zero Adjustment Lever 
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A circuit is incorporated with
in the machine to be used in con
junction with the meter and two of 
the 45 volt batteries to trace and 
test the various circuits. The test 
circuit may also be used with the 
90 volt tap on the power pack pro-
vidingthere are no difficulties with 
the power pack. 

It is suggested that a voltohm-
eter, preferably of 20.000 ohms 
per volt sensitivity.be used in an
alyzing the machine circuits, par
ticularly on machines equipped 
with power pack. 

There are two test terminals 
located on the right end of the rear 
control panel. Use the test cir
cuit shown on the wiring diagram 
as follows: 

Disconnect two 45 volt batter
ies and connect one of the three 
plug wires, supplied witheachma-
chine, to the negative side of one 
battery and to the minus test ter
minal. Connect the second plug 
wire to the plus test terminal and 
the third plug wire to the battery 
plus (90 volts). Turn the master 
control switch to OFF. To be sure 
that the test circuit is operating 
properly, touch the free ends of 
the second and third plug wires 
together. The meter should read 
approximately 90. When testing a 
circuit in which there are no re
sistors, the meter should still read 
approximately 90. 

To test for high resistance 
shorts and high resistance leak
ages to ground, the ohmic resis
tance between the two points in 
question may be computedfrom the 
meter reading using the equation 

Rx= 9.000,00° _ ioo.OOO 
meter reading 

The 90 volt terminal on the 
power pack may be used in the 
same manner as two 45 volt bat
teries. 

Batteries Tests 
As the 45 volt batteries age, 

the internal resistance increases 
to the point where it becomes a 
source of scoring error. There

fore, a test circuit is included in 
each machine so that the internal 
resistance of each battery may be 
easily measured as follows: 

1. Three test leads are fur
nished with each machine. Con
nect two of these leads to the bat
tery test terminals located on the 
rear control panel. 

2. Connect the other ends of 
the test wires to the battery to be 
tested. 

3. Turn the master control 
switch to the OFF position and re
cord the meter reading. 

4. Depress the battery load 
push button switch which is lo
cated between the test terminals 
and record the new meter reading. 

5. Subtract the second read
ing from the first. If this differ
ence is more than 3, the battery 
should be replaced as it has an in
ternal resistance in excess of 50 
ohms. 

The predicted life of the 45 
volt batteries is 1 year, but they 
should be tested every 3 months. 
The predicted life of the 1.5 volt 
batteries is considerably longer, 
as they need only be replaced when 
they fail to give satisfactory op
eration of the over 100 circuit. 

NOTE: The 1.5 volt batter
ies cannot be tested with the ma
chine test circuit. 

Electronic Power Pack Test 
The power pack may be tested 

by placing a voltmeter, prefera
bly 20,000 ohms per volt sensi
tivity, across the terminals and 
checking the drop in voltage by 
placing a 200 mark load across it 
by inserting an answer sheet with 
200 marks on it and machine set 
to score. The voltage drop read on 
the voltmeter should not be more 
than 3 volts. For a 100 mark load 
the voltagedrop should notbe more 
than .2 or .3 of a volt. 

The battery test circuit should 
NEVER be used on the power pack. 
The circuit loads the power pack 
too heavily. 

The power pack will normally 
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regulate a constant voltage output 
with an input of 95 to 120 volts 
with the 105 volt primary trans
former tap being used. If the 115 
volt tap is used, the input voltage 
may vary from 105 to 130 volts. 

Meter Calibration Test 
A meter calibration test is 

very simple in determining if a 
meter is reading linear. The pro
cedure recommended is as fol
lows: Prepare answer sheets to 
check meter in graduations of five 
on the meter scale. Use twenty 
sheets or one sheet. If twenty 
sheets are used, you will have a 
sheet with five marks; one with 
ten marks, fifteen marks, etc. If 
you use one sheet, put five marks 
on sheet then check to see if meter 
reads five, then add five and check 
for reading of ten, add five more 
and check for reading of fifteen, 
etc. It should be understood that 
the machine has been set up to read 
one for each mark or to read sev
enty-five for seventy-five marks. 

It is e s sential that the DC pow
er supply used in the scoring cir
cuits be well regulated for proper 
scoring results. For tests refer 
to Electronic Power Pack Voltage 
Adjustments and Tests. 

PERFORMANCE TESTS 

1. With the master control 
switch turned to OFF, the meter 
needle should rest halfway between 
0 and 1. Adjust the meter, if nec
essary, by turning the zero adjust
ing screw directly below the center 
of the meter. 

2. Insert the empty scoring 
key frame into the channel at the 
right top of the machine, with the 
hinged side of the scoring key 
frame at the bottom and the front 
of the frame toward the back of the 
machine. Clamp the key frame in
to position by turning the key-clamp 
lever through four full turns in a 
clockwise direction. 

3. Prepare 10 check sheets by 
marking all spaces in field 1 for 
checking field 1; mark sheet 2 with 

all spaces marked in field 2, etc. 
This gives 75 marks for each field. 

With the empty key frame 
clamped into place, insert a field 
sheet and adjust the plus potenti
ometers so that the meter reads 
75j on each of parts A, B, C, or 
the part that will be used in the 
scoring setup. The formula switch 
for the part being set must be set 
at Rights, since the pins in the key 
set unit are in the rights position. 
If the formula switch is set to R-W 
or R+W, the meter should read the 
same, 75j, since there are no 
wrongs. NOTE: It will be nec
essary to turn the formula switches 
for sections not in use at the time 
of checking to a position off the 
marked dial or to a blank position 
of the switch. Example: When set
ting and checking A, turn B and C 
formula switch to the next posi
tion belowR-W. When setting and 
checking B, turn A and C to the 
next position below R - W; check 
each of the ten fields in the above 
manner. Each should read 75j. 

The wrongs are automatically 
set when the rights are set. 

4. In order to be sure that the 
wrongs will pick up, it is well to 
take a scoring key and punch out 
only the field selection pin holes 
for all parts and fields and insert 
in* the top level of key frame and 
go through the same checking op-
erationas mentioned above for the 
rights, except set formula switch 
to W. W will read 75j. 

Any variation of more than one 
point low will indicate generally a 
position or positions, according to 
the variations, not picking up due 
to various reasons. If all fields 
but one or two read high, it may 
indicate that the original setting 
of 75j was made on a field only 
picking up 74 or 73 marks. 

Check at this point, if such dif
ficulties do exist, to see that the 
meter needle drops back to |  with
out an answer sheet in the ma
chine; a sensing contact may be 
shorted with a graphite coated pa
per fiber if it does not return to j. 
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5. After step 4 is complete, 
it is very easy to calibrate over 
100 circuit. With the setup for 
step 5 or 6, mark an answer sheet 
with 100 marks and check to see 
if meter reads 100^. It is suggest
ed that an answer sheet then be 
marked for 150 marks and insert
ed. The needle will swing off the 
scale beyond 100. Pull the over 100 
key forward and adjust the aggre
gate potentiometer to read 150^. 
Then mark an answer sheet for 105 
marks and check to see that meter 
reads 105j. Do NOT adjust plus 
potentiometer for correction of 
over 100 reading. If the plus po
tentiometer is readjusted for under 
100 then the over 100 will have to 
be readjusted for correct reading. 
It may be necessary to adjust the 
under 100 readings a little highor 
a little low to be able to get a read
ing that can be read when using 
over 100. 

6. The next step in checking 
and setting up the machine for test 
if R-W is going to be used, is to 
set for the subtracting reading. 
In order to make this check and 
set up, prepare an answer key and 
answer sheet to go with it so that 
the answer sheet will contain a 
certain number of known rights 
and wrongs answers. It is sug
gested that a test be set up to use 
all three parts of the machine --
A, B, and C. Arrange the first 
four fields for part A; five, six, 
seven and eight fields in part B; 
nine and ten fields in part C. 

In each field, mark the an
swer sheet and punch the answer 

key so that each field contains ten 
right responses and five wrong re
sponses. Insert the answer key 
and the answer sheet into the ma
chine, and, without disturbing the 
setup described in steps 3, 4, and 
5, the scores should read on the 
meter as follows, using the table 
for switch settings: 
A. R - 40 B. R - 40 C. R - 20 

W - 20 W - 20 W - 10 
R-W - 20 R-W - 20 R-W - 10 
R+W - 60 R+W - 60 R+W - 30 

Rights A + B = 80, A + B +C = 100, 
A+C = 60 
Wrongs A + B = 40, A + B + C — 50 
A+C = 30 
R-W A+B = 40 A+B+C = 50 A+C = 
30 
R+W A + B = 120 A+B + C = 150 
A+C = 90 

If the above readings do not 
check after steps 3, 4 and 5 have 
checked out close, it might be well 
to run the meter linear test. Scor
ing cannot be accurate unless the 
meter is accurate in scale read
ings. 

GRAPHIC ITEM COUNTER 
ADJUSTMENTS 

The following adjustments ap
ply to the Type 807 Graphic Item 
Counter and are made in the order 
of their listing. 

Platen Support Arm Cams 
Position the left hand platen 

support arm operating cam on the 
reset shaft so that when it is rest-
ing against its stop stud on the 
bearing bracket (Figure 18) with 

Figure 18 
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the high side of the shaft toward 
the rear of the counter, the handle 
is stopped in the up and vertical 
position, parallel with the front 
edge of the left side frame. Posi
tion the right hand cam on the shaft 
in the same relative position as the 
left hand cam. 

Reset Shaft Bearing Brackets -
Figure 19 

Adjust the reset shaft bearing 
brackets so that the first tooth on 
the counter disc measures 2 3/4" 
from the bottom of the frame with 
the counter disc stop stud against 
the reset arm. 

Brake - Figure 20 
Adjust the brake so that no 

gear back lash is apparent at the 
end of resetting. It must be tight 
enough so that the counter disc 
shaft will not rotate as the counter 
discs are stepped ahead when re
cording responses, or when coun
ter discs are reset to 0 with the 
reset arms. It is tightened by 
tightening the clamping screw on 
the top of the brake arm. The set-
screw on the bottom end of the 
brake arm is adjusted so that no 
movement appears between the 
lower end of the arm and the re
set arm shaft. The clamp collar 
next to the brake is positioned so 
the shaft has a minimum of end 
movement between the bearings 
when the brake is loose on the 
shaft. 

Pawl Carrier Frames 
1. Adjust the pawl carrier 

frame combs laterally so that the 
pawls line up with the counter 
discs. The frames should be free 
on the pivots with a minimum of 
end shake. The pawl carrier frame 
and brackets are adjustable for 
overall length. 

2. Adjust the pawl carrier 
frame eccentric pivot studs onboth 
sides so that the pawls have l/64" 
between the toe of the pawls and 
the face of the counter discs tooth 
(Figure 21) with the counter discs 

Left View 

Figure 19 

Figure 20 

Figure 21 
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Figure 22 

in the reset or 0 position. The 
pawls should be in their latched 
position. 

3. Adjustthe eccentric screws 
at the upper end of the platen sup
port arm so that the pawl carrier 
frames lift the pawls out of the 
counter disc ratchet wheels by 
1/32" when the graph print lever 
is in the reset or printingposition. 
Both sides shouldbe adjusted even
ly and the studs should have their 
high sides in the same direction 
(Figure 22). 

Carriage 
1. Adjust the counter disc 

latching roller arm on the carriage 
so that the pawl is driven 1/64" 
beyond its latching point by the 
roller (Figure 23). 

2. Adjust the counter disc 
magnets on the carriage so that 
they are .040" above the counter 
disc pawl when they are in their 
latched position. Check on both 
sides of the unit. This adjustment 
must be made with the graph print 
lever in the up and vertical posi
tion (Figure 24). 

Emitter 
1. Position the emitter as

sembly so that it measures 1 17/32 
inches from the left side frame to 
the first emitter contact wirepro-
truding below the assembly (Figure 
25). Check to see that, when se
cured, it is parallel to the travel 
of the emitter contact wipers by 
observing that the rise of the wiper 
off its support is the same at both 

Figure 23 

Figure 24 

Clutch Shifting link 

Counter Disc 
Powl 
Oper. Link 

Screw 
For Adjusting the 
Counter Disc Pawl 
Carrier Frames 

Platen Support 

Screw 
For dutch 
Adjustment 

Co3 Assembly 

Ceil Assembly 

Magnet Coil 
Mounting Screws 

r  i g u i  c  i o  
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Mounting 
Bracket 

Contact Wires 
L.H. Frame 

Adjusting Screws 

\ ® 

1 r 

R.H. Frame 

Emitter Assembly 

Rear View 

Mounting Bracket 

Figure 25 

extremes of its travel. 
2. Adjust the carriage emit

ter contact wipers so that when 
the counter magnet core is center
ed directly over the counter disc 
pawl, the contact pin is centered 
on the emitter contact pin wiper 
(Figure 26). 

3. Adjust the contact support 
so that the wiping contact strap 
has .010" rise off the tip of the 
support. This adjustment should 
be checked very carefully. Adjust 
the rail wiper to have good contact 
tension against the rail. 

Carriage Clutch-(Figure 27) 
Adjust the left side reverse 

arm on the end of the carriage 
feed screw shaft so that \vhen the 
carriage reaches a position5/16" 
from the left side frame, the re
verse arm engages the reversing 
pin in the carriage feed screwnut. 
Adjust the reverse arm on the 
right side so that it will engage 
the reversing pin when the car
riage is9/l6"from the right side 
frame. 

At the point of engaging there 
should be 1/32" between the re-

Contact Wiper N Contact Pin Carriage 
Frame 

Mounting Screws 

Adjusting Screw 

Carriage Frame 

Magnet Coil 

Magnet Core 

Figure 26 
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Corrioge Feed LH. Frame Carriage Carriage Carriage Feed 

Figure 27 

Interlock I 

Interlock 
Bumper 

Interlock 
Link 

Interlocl 
Shaft 

Interlock 
Operating 

Carriage 

Toggle Switch Cam 

Figure 28 
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versing arm and the carriage feed 
screw nut on both sides. 

Carriage Interlock Mechanism 
1. Position the toggle switch 

cam on the reset shaft with the 
graphprint lever in the upward po
sition for operation of the counter, 
so that the toggle switch cam rear 
ledge travels.012" to.015"below 
the interlock pawl with the car
riage out from under the inter
lock operating arms (Figure 28). 

2. Adjust the bumper bracket 
under the interlock link operating 
arm so that there is a clearance 

of approximately .005" between 
the toggle switch cam ledge and 
the interlock pawl. 

3. Position the interlock link 
operating arm on the operating 
shaft so that with the carriage ei
ther to the extreme right or left 
side operating the interlock pawl, 
the interlockpawl clears the toggle 
switch cam by 3/32" (Figure 29). 
The arm is positioned by loosen
ing the clamp screw through the 
split end of the arm and by tighten
ing it when it is in the proper po
sition. 

Screw iterlock Arm 

Interlock 
link 

Interlocflhaft 

Carriage 

Interlock Pawl 

Toggle Switch Cam 

Figure 29 
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GIC Clutch 
1. Position the clutch block 

on the clutch shaft so that when the 
floating clutch gear is pushed a-
gainst the clutch pinion in a po
sition that it will not engage, there 
should be 3/32" between the clutch 
block and the floating clutch gear 
(Figure 30). 

2. Adjust the clutch link ec
centric screw so that the floating 
clutch gear engages the same 
amount into the clutch block for 
item counting and into the clutch 
pinion gear for graph printing and 
resetting (Figure 31). 

Paper Stops and Form Guides 
1. Adjust the paper stop shaft 

eccentric studs on each side of the 
unit (Figure 32) so that the first 
marks printed on the graph form 
appears .015" above the bottom 
guide line across the form (Figure 
33). 

2. The upper paper guide is 
positioned laterally through the 
elongated mounting screw holes so 
that the upper end of the paper stops 
are centrally located in the blank 
counter disc positions. 

3. The front lower form guide 
should be adjusted laterally so that 
the lower portion of the paper stops 
line up vertically with the paper 
stop slots in the top guide. 

4. Adjust the guide blocks so 
that the printing is directly over 
the counter markings on the form 
and so that there is .010'* clear
ance over the width of the form. Figure 31 

100 Count Contact 
Adjust the 100 count contact 

so that the lower strap of the con
tact operated by the pin in the right 
hand total count disc, rests against 
the upper contact strap with light 
tension. The contact must be ad
justed to open when the counter 

disc moves from 99 to 100. The 
air gap, when open, should be l/64" 
between the points. 

Right and Left Frame Contacts 
The right and left frame con

tacts, operated by the carriage, Figure 32 

Pinion Gear 
Clutch 

>erating Arm 

Figure 30 

Platen 
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Platen Operating Com 
Reset Shaft 

Paper Stop 
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Guide Block 
Adjusting Screws 
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ment Screw 

Operating Link 

Bearing 
Bracket 

Adjusting 
Screws 
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should be adjusted so that theN/O 
contacts, and the stationary strap 
should have 1/32" rise off its sup
port with the carriage against the 
side frame. At the same time the 
N/C points should have l/32" air 
gap. With the carriage away from 
the contacts the N/o contacts 
should have approximately l/64" 
air gap between the points. The 
stationary strap of the N/C con
tacts should have approximately 
/  r i" off its support. 

Toggle Switch Brackets - Figure 34 

Adjust the toggle switch mount
ing brackets so that whenthe toggle 
switch cam lever has reached its 
limit of travel in either direction, 
the corresponding operated switch 
handle will have l/32" travel be
yond the toggle cam lever. 

Motor Governor 

The motor governor speed ad
justment screw should be adjusted 
so that the carriage traverses 
the counter from 3 to 5 seconds 
The factory setting is 4 seconds 
to complete a scanning operation. 

Control Panel 

1. Adjust the control panel 
support screws so that the con
trol panel jacks plugs center on 
the ends of the pins of the pin set 
unit vertically when the control 
panel is in place. 

2. Adjust the control panel 
guide strips on the sides of the 
panel so that the control panel is 
centered laterally on the pins and 
that it fits snug between the side 
plates of the subframe. Check the 
alignment of pins on the bottom of 
the panel as well as on the top. 

GIC Unit 

Position the GIC unit by the 
retaining lugs so that the emitter 
control panel contact wires line up 
with the counter hubs on the control 
panel. The control panel should 
be properly adjusted before the 
counter as a unit is positioned. 

Type 805 1 9  

Figure 33 

Clamp Screw 

Switch Bracket 

1 32 Movement of ' 
Switch Handle. 
(Same on Switch above) 

Right Side View 
Switch Bracket 

Figure 34 

Adjust the individual control 
panel connecting wires on the top 
of the emitter so that all the con
necting wires contact the control 
panel counter jacks on the bottom 
of the control panel at the time the 
subframe is moved in by 3| turns 
of the key clamp crank. 

Printing Platen 

The printing platen should be 
free in its bearing. The platen sup
port arms tension springs should 
have heavy tension and equal on 
both sides. 

Toggle Contacts 

1. The toggle contact mount
ing bracket should be mounted as 
far to the front of the machine as 
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possible and not interfere with the 
shutter slide. 

2. The contacts should be tilt
ed up at the lower end so that the 
lower contact strap has a maxi
mum of l/32** rise off its support 
as the toggle connecting link stud 
operates the contact on its down
ward stroke. 

3. The upper or movable con
tact strap support should be ad
justed so that the contacts have a 
1/32" air gap between the points 
when open. 

PERFORMANCE TESTS 

Test sheets should be prepared 
to check the wiring of the control 
panel after making each new set
up and to check the operation of 
the counter. 

In preparing check answer 
sheets they should be prepared in 
the following manner: 

1. A test sheet marked to count 
in every position wired to 
counter. 

2. A test sheet marked in eve
ry other position wired, for 
example, to count in all the 
odd numbered positions: 
1, 3, 5, 7, etc., of the coun
ter. 

3. A test sheet marked to 
count in every even num
bered counter positions: 
2, 4, 6, 8, etc. 

4. A test sheet marked to 
count in every third posi
tion of the counter: 1, 4, 
7, 10, etc. 

5. A test sheet marked to 
count in every third posi
tion: 2, 5, 8, 11, etc. 

The above check answer sheets 
will test the wiring of the control 
panel and performance of Graphic 
Item Counter when they are run 
through for scanning and will test 
the counter operation with nearly 
every possible combination of im
pulses that may affect perfect 
counter recordings. 

The customers should be in
structed to use at least the first 

three types of check answer sheets 
after each new setup is made. 

The check sheets may be run 
a certain number of times singly 
and accumulated in the counter to 
produce a pattern on the graph 
form. After completing the run of 
check sheets, print a graph and 
clear the counter. If the pattern 
is disrupted on the graph, it will 
indicate either counter error or 
wiring error on the control panel. 

The pattern produced by run
ning each of the check sheets 1, 2, 
and 3 five times will be a solid 
block of printing. Each counter 
position will record 10 marks. The 
total count on the right side will 
show that 15 sheets have been run 
through the machine. Any under 
or over counting will be detected 
by the column being too high or too 
low on the graph. It is advisable 
to make a test by running the sheets 
singly several times and to pro
duce a graph for that type of test 
sheet. Next, run all the check 
sheets a definite number of times 
and produce a graph of their re
cordings. The pattern will vary 
according to the number of times 
that a check sheet is put through 
the machine 

LUBRICATION 

Due to the inherent charac
teristics of the test scoring ma
chine great care should be em
ployed when lubricating the ma
chine. There are only a few mov-
ing parts and excessive lubrica
tion must be avoided. 

Below is listed the lubricants 
and where they should be used on 
the test scoring machine and the 
graphic item counter. 

IBM 12 -- Motor drive unit 
housing. 

IBM 9 -- All linkage, pivots, 
graphic item counter bearings and 
carriage slides; motor bearings of 
805. 

IBM 6 -- Counter disc pawls 
and combs. It is recommended 
that the pawls and combs be spray
ed lightly. 
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IBM 17 -- Paper deflector, 
cam, graphic item counter gears 
and all camming surfaces and Yax
ley formula switch contacts. 

The Yaxley formula switches 
should be washed out with carbon 
tetrachloride before each new ap
plication of lubricant. 

PURPOSES OF CONDENSERS, 
CONTACTS, FUSES, RELAYS, 
RESISTANCES, SWITCHES, AND 
TUBES 

CONDENSERS 
.5MFD Condenser 

The purpose of the .5MFD con
denser with an internal 10 ohm re
sistor, placed across the motor 
run contact points reduces the arc 
of the points when the motor run
ning circuit is broken. 

.1MFD Condenser 
The purpose of the condenser 

in conjunction with the 130 ohm 
resistor across it, reduces the arc 
on the GIC motor governor con
tacts. 

100 MFD Condenser 
The 100 MFD condenser fil

ters the rectified DC from the 
25Z6 tube. 

C-l Condenser 
TheC-1 condenser in the time 

delay unit builds up a potential dif
ference of approximately 80 volts 
between the cathode and starting 
anode of the OA4G tube to cause 
the tube to conduct current to pick 
up the time delay relay. 

CONTACTS 
Start Contact 

This contact completes a cir
cuit to the drive motor when the 
motor key is depressed. 

Motor Run Contact 
The motor run contact shunts 

the start contact and keeps the mo
tor drive operating until either the 
answer sheet is fully pressed a-
gainst the sensing unit for scor
ing or answer sheet is released. 

Signal Light Contacts 
The signal light contacts com

plete a circuit to the signal lamp 
if the paper channel is clear. 

Right and Left Frame Contacts 
These contacts are for the pur

pose of detecting which side of the 
graphic item counter the carriage 
has come to rest and to keep the 
motor going to carry the carriage 
to the other side once it has start
ed. 

100 Count Contact 
The points of this contact form 

an interlock to prevent running of 
more than 100 answer sheets or 
warns that 100 sheets have been 
run. 

Toggle Contacts 
The toggle contacts complete 

circuits to pick upR-1 or R-2 de
pending upon the position of car
riage to start the GIC motor. 

Emitter Contact Wires and Con
tact Wipers 

The emitter contact wires and 
emitter contact wipers complete 
circuits to the grids of the 25L6 
amplifier tubes when the carriage 
magnets are in the counter posi
tions corresponding to the emitter 
contact wires which complete the 
circuits through the control panel 
to the response positions. The 
emitter contact wipers actually 
TIME the impulses to the individu
al counter positions. 

Carriage Contact WipingFingers 
These contact wiping fingers 

complete the circuits to the count
er magnets as they move across 
the unit from one side to the other. 

Motor Governor Contact 
The contact on the governor 

regulates the speed of the GIC 
motor by cutting in and out the re
sistance in the motor running cir
cuit. 

FUSES 
Main Line Fuses 

These fuses provide protection 
to all of the machine circuits. 
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Battery Fuses 
The battery fuses protect the 

scoring circuit and power pack 
output. 

Heater Fuse 
The heater fuse protects the 

sensing unit heater circuit and the 
GIC circuits. 

Motor Fuse 
The motor fuse protects the 

test scoring machine motor and 
GIC start circuits. 

GIC Fuse 
The GIC fuse protects the -B 

circuits of the 25L.6 tubes. 

Meter Fuse 
The meter fuse protects the 

meter against any current of values 
great enough to damage the meter. 

Power Pack Fuses 
These fuses protect the input 

of the power pack in case of shorts 
or difficulties with transformer 
and output side of power pack. 

RELAYS 
R-1 and R-2 

R-1 and R-2 completes the cir
cuits through the GIC motor and 
its fields, when picked up singly 
to cause it to operate and give it 
direction of motion. 

Time Delay Relay 
The time delay relay com

pletes the GIC operating circuits 
when it picks up after the tubes 
have reached an operating temper
ature. 

Time Delay Relay R-A and R-B 
Points 

The R-A N/C provides a cir
cuit to charge condenser C-l to fire 
the OA4G tube. R-A N/O points 
provide a hold circuit for the relay, 
once it has been picked up, until 
power to it has been interrupted. 

The R-B N/O points provide 
an interlock in the test scoring ma
chine motor circuit when using the 
graphic item counter to prevent an 

answer sheet from being inserted 
before the tubes are at an opera
ting temperature and the time de
lay unit is operated. 

R-1BL, R-1AL, R-2BL and R-2AL-
Points 

These points are used for the 
purpose of reversing the field in 
relation to the armature and com
pleting the motor circuits when 
either R-l or R-2 is picked up. 

R-1AU and R-2AU N/O 
These points provide holding 

circuits for their respective re
lay while the GIC carriage is in 
motion. 

R-1BU and R-2BU N/C 
R-1BU and R-2BU serve as an 

interlock to prevent releasing of 
an answer sheet while the GIC car
riage is in motion. 

RESISTANCES 
2 Megohm Resistors 

The purpose of the 2 megohm 
resistors is to limit to a uniform 
amount the current flowing through 
each pencil mark. 

100 Ohm Resistor in the Over 100 
Circuit 

This resistor in series with 
the 90 ohm potentiometer, allows 
a practical range for aggregate 
scoring. It also makes it possi
ble to use a standard resistance 
value in all of the potentiometer 
strips. 

The purpose of this resistor 
in conjunction with the 100 ohm 
resistor and the AGG potentiom
eter is to balance out the ohmic 
value for adjusting the over 100 
circuit. 

AGG 90 Ohm Potentiometer 
This potentiometer is used to 

adjust for proper readings when 
using the aggregate scoring unit 
or when scoring the values of over 
100. 

A+, B+, C+ Potentiometers 
The + potentiometers are used 
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to adjust for the proper readings 
of the rights and wrongs. 

A-, B-, C- Potentiometers 
The minus potentiometers are 

used to adjust for the proper read
ings of R-W. 

5.25 Ohm Resistor 
The purpose of the 5.25 ohm 

resistor is to provide a voltage 
drop in the meter circuit to cause 
a subtracted reading of 100 units 
when using the over 100 circuit. 

50,000 Ohm Resistors, Battery 
Test Circuit 

These resistors allow the me
ter to be used as a test instrument 
in conjunction with the batteries 
or the electronic power pack. 

1000 Ohm Resistor, Battery Test 
Circuit 

The 1000 ohm resistor pro
vides a load for the testing of the 
batteries for their internal resis
tance. 

250 Ohm Heater Resistance 
This resistance in the sensing 

unit heater coil circuit limits the 
amount of current that it will pass. 
It also provides an easy means of 
adapting the heater for a higher 
voltage. 

130 Ohm Governor Resistor 
This resistor serves as a 

bleeding resistor to discharge the 
governor condenser and to help 
prevent arcing at the governor con
tacts. 

Rl Resistance, Time Delay Unit 
This resistance governs the 

rate of charging of the C-1 conden
ser, thus delaying the pickup of the 
time delay relay. Rl has a value 
of 35 megohms. 

R2 Resistance, Time Delay Unit 
R2 resistance limits the cur

rent for the holding circuit of the 
time delay relay. It also allows 
a standard relay coil to be used in 

the time delay relay. R2 has a 
value of 1500 ohms. 

1.35 Megohm Resistor, Total Count 
This resistor limits the total 

count grid circuit current to a value 
for satisfactory operation of the 
counter magnets through the 25L6 
tubes whenever the total count cir
cuit is encountered as the carriage 
traverses the counter unit when 
graphic item counting. 

1.35 Megohm Resistors, Multiple 
Response Circuit 

These resistors when placed 
in parallel with 2.75 megohm re
sistors causes the negative grid 
bias voltage to be of a higher nega
tive value thus decreasing the sen
sitivity of the mark sensing cir
cuit, making it necessary to in
crease the current in the mark 
sensing circuit by placing two 
marks in parallel in order to 
drive the grid positive enough to 
allow the 25L6 tubes to conduct 
enough current to energize the 
counter magnets. 

2.75 Megohm Resistor, 25L6 Grid 
Circuit 

The 2.75 megohm resistors in 
the 25L6 grid circuit governs the 
-C potential to the grid of the tube 
and the sensitivity of the mark 
sensing circuit in conjunction with 
the 2 megohm resistors. 

10,000 Ohm Resistor, 25L6 Grid 
Circuit 

The 10,000 ohm resistor in the 
mark sensing grid circuit limits 
the positive grid current to the 
tube. It also has an effect upon the 
sensitivity of the circuit in con
junction with the 2.75 megohm re
sistors in the negative grid circuit. 

130 Ohm Resistor, Tube Heater 
Circuit 

This resistor in the tube heat
er circuit provides a voltage drop 
of the value so that the25Z6 tube, 
and the two 25L6 tube heaters when 
wired in series will receive 25 
volts on each heater when placed 
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across a 115 volt line. The volt
age drop in the resistor will be 
approximately 40 volts. 

1000 Ohm Resistor, Screen Circuit 
This resistor limits the cur

rent in the screen circuit to a value 
that the screen element in the tube 
will not be damaged when the tube 
is conducting. 

25 Ohm Resistor, 25Z6 Anode Cir
cuit 

The 25 ohm resistor limits 
the plate current of the tube to a 
value that the tube elements will 
not be damaged by the instantane
ous high current demands of the 
100 mfd condenser in the filter 
circuit. The resistor also per
forms a filtering effect in the rec
tifying circuit. 

SWITCHES 

Main Line Switch 
The main line switch provides 

means of disconnecting the ma
chine circuits from the outside 
power supply without removing the 
power cord. 

NOTE: With the main line 
switch OFF, the sensing heater is 
still ON due to its being connected 
across the main line fuses which 
are on the power side of the main 
line switch. 

Over 100 Switch 
When the over 100 key is pull

ed forward when scoring items 
running over 100, it causes 100 
units to be subtracted from the 
meter reading so that the scores 
may be read directly. 

Negative Score Switch 
The negative score switch re

verses the terminals of the meter 
so that scores of a negative value 
may be read directly. 

Master Control Switch Contacts 
The master control switch con

tacts completes circuits for scor
ing and isolates other circuits to 

prevent interference with the func
tion being performed. 

Formula Switches 
These switches set up the 

scoring circuits to perform pre
determined functions on a test to 
arrive automatically at a calcula
ted score. 

Battery Test Switch 
The purpose of this switch is 

to place a load across the batter
ies when testing them for deterio
ration. 

Graphic Item Switch 
The graphic item switch pro

vides a means of connecting the 
graphic item counter circuits to 
the test scoring machine. 

Multiple Response Switch 
The multiple switch sets up 

the grid circuits so that the coun
ter will record only when two pen
cil marks of two response posi
tions are wired to one counter po
sition. 

GIC Runout Switch 
The GIC runout switch pro

vides means of returning the GIC 
carriage to the left side frame of 
counter if the power should be in
terrupted during a scanning opera
tion and stopping carriage in be
tween the side frames. 

Heater Switch 
The purpose of the heater 

switch is to turn the dryer bulb off 
and on as needed. 

Voltage Switches 
These switches provide cir

cuit to the individual sections so 
that a pencil mark may be weighted 
over a wide range. The switch, 
when set on high, multiplies the 
low voltage by Z\ times. 

Over 100 Count Switch 
The over 100 count switch 

serves two purposes. The switch 
permits item counting of more than 
100 sheets. It also provides for 
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counting of 1 to 100 sheets in the 
right hand total column of graph 
form and counting of all over 100 
in the left hand total column. 

Cover Interlock Switch 
This switch breaks the cir

cuit from the electronic power pack 
to the sensing unit when the hinged 
cover over the GIC control panel 
is raised to prevent 1.35 volt po
tential existing between the base 
and of the item pins when the GIC 
switch is ON if the machine is 

Interlock Switch Upper 
This switch prevents the toggle 

contacts from picking up R-l or 
R-2 from a test scoring machine 
operation if the graph print lever 
is in some other position than up 
a vertical position. 

Interlock Switch Lower 
This switch prevents the op

eration of the test scoring machine 
motor any time that the graphprint 
lever is not in the normal posi
tion which is up, with the graphic 
item switch ON. 

Motor Switch 
The motor switch completes 

a circuit to pick R-l which causes 
the GIC motor to operate, printing 
a graph and resetting the counter, 
when the graph print lever is in 
printing position. 

TUBES 

25Z6 Tube 
The 25Z6 is used as a conven

tional half wave rectifier with a 
100 mfd condenser as a filter. 

25L6 Tube 
The two 25L6 tubes are used 

as amplifiers to amplify the amount 
of current going through a pencil 
mark to the value that it will en
ergize a magnet. 

5Z4 Tube — Power Pack 
This tube is the rectifier tube 

of the power pack. 

6J5 Tube — Power pack 
This tube is actually the volt-

age regulator receiving the chang
ing voltage caused by the outside 
line fluctuation. Its grid is con
trolled by the amplification of 
change of output by the 6V6 tube. 

6V6 Tube — Power Pack 
This tube is used as a voltage 

amplifier to increase the sensi
tivity of the regulating circuit. 

OC3/VR105 -- Power Pack 
This tube provides a standard 

voltage of 105 volts to the cathode 
of 6J5 tube and anode of 6V6. 

The 6V6, 6J5, OC3 tubes form 
the voltage regulating network. 

Form 27-8048-0 
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INTERNATIONAL AUTOMATIC BILL FEED 
Type 920 

GENERAL DESCRIPTION 
The Automatic Bill Feed is a special carriage, so designed that it may be 

installed on the print head of the 3-B, 3-E, 3-G, 3-S and 4-S Electric Account
ing Machines and the Alphabetic Accounting Machines. This installation may 
be made on a new machine at the factory, before the machine is shipped, or 
it may be installed in the field on a machine which is already in service. In 
some cases, when installing the bill feed device in the field, templates will be 
needed to locate the various mounting holes. These templates may be secured 

^romIpjle jjjjj feed device cannot be adjusted laterally in relation to the type 
bars It may be mounted in either one of two positions on the 3-S machines, 
either offset to the left or offset to the right. This location is determined at 
the time of installation and cannot be changed by the customer. The bill feed 
on 4-S machines can be mounted in only one position. This position corres
ponds to the offset left position on Type 3-S machines. On the Alphabetic 
Printer, it is always in a central position in relation to the type bars, and this 
is the only location on this machine. ^ 

It will perform the various functions of a standard carriage with the ex-
ceDtion that it cannot be adjusted laterally in relation to the print banks. In 
addition it will feed individual bill forms, continuous forms, tabulating cards, 
envelopes, insurance policies, and small pamphlets. The recording of informa
tion on the forms while at the printing position may be either a tabulated or 
a listed operation. The paper feeding other than line spacing is termed as an 
e^eC^The detail construction of the Automatic Bill Feed will vary, depending 
upon the particular type of work being performed, but the general principle 
of construction and operation will remain practically the same. It is the Pa
nose of this manual to impart a practical knowledge of the bill feed device to 
the Customer Serviceman so that it may be applied to whatever type of bill 
feed that he may be called upon to service. 

The bill feed is designed to feed forms in the same manner that the hori
zontal Sorter feeds cards, and the feed hopper is of the same general design, 
except that the magazine side plates are movable to accommodate the various 
blanlTher feed3 has four knife spaces and may be equipped with two or more 
knives which catch the edge of the bill and draw it toward the throat. Between 
the knife spaces are three spaces in which the throat may be mounted. The 
actual throat is only one-half the width of the throat space, and therefore, either 
the right or the left half of any throat space may be used, the one being used 
that provides the best feeding condition. The magazine side plates of the bill 
feed magazine may be adjusted for any width of bill within the minimum and 
maximum limit, but should not be set within the space occupied by the feed 
knife When the position or width of the bill has to be changed in the field 
it may be necessary to have a new bill weight to correspond to the new form, 
and if previously used knives are exposed, special knife covers should be or-
dered for them. 
SWEThe form'may vary in width from 5%" to 18", width in this case mean
ing the dimensions from left to right of the form. Within these limits the 
eitaot final dimension to be chosen is affected by the relation of the print banks 
to the various features of the bill feed, and cannot be determined until this 
relationship has been taken into full consideration. 

There is a space of 18%" available between the side frames, but %" must 
he left at each end to allow for lateral alignment of the bill to the type bars. 

The standard length of the bill, measuring from top to bottom is one of 
the following dimensions: 3%", 3%", 3*". 4", 4*" or 5" This^ dimen
sion must be accurate within a limit of 1/64", and the edges should be clean 
cut both top and bottom. 
BUjLASgoodKgrade of paper should be used with the minimum thickness of 
004" Tabulating card stock will give good results. When it is desired to 

Printed in U.S.A. PHGO 1 
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use paper which is thicker than tabulating card stock, a sample should be 
submitted to the Engineering Department for approval. 
FUNCTIONS 

The various functions of the Automatic Bill Feed may be understood by 
explaining the principal types of work that it will accomplish. 

Line Spacing — The maximum distance which can be provided between 
lines of printing is 9/16". Although it is possible to obtain this spacing of 
9/16", most bill feeds are used on spacing from 3 to 8 lines to the inch. For 
more than 6 lines to the inch, smaller type than standard must be used, in order 
to avoid the overprinting of adjacent lines. The use of narrow spacing with 
the bill feed is very advantageous when it is desired to increase the effective 
capacity of a form. 

Single Item Ejection — The listing of single items on individual forms 
may be accomplished without reset cycles, each form ejecting after each listed 
item. This application is of special use for listing on ledger accounts. 

NOTE — See paragraphs ou head space and line space adjustments. 
Total Ejection — Information can be recorded on individual forms, either 

by tabulating or by listing. If the information is tabulated, it is group indi
cated and total printed on the minor reset cycle in the normal manner, and 
the form is ejected on the same reset. If it is desired to record several minor 
totals on the form, it may be ejected at the intermediate or major change. 
The bill feed circuit may be designed to eject on a particular reset, or it may 
be variable, so that the operator can select the reset on which the form is to 
be ejected. 

When the information is listed only, or listed and total printed, the form 
can be ejected on the minor reset. In cases where forms are printed, some with 
single items and others with multiple items, the single card total suppression 
device may be installed to prevent printing of a total after a single listed item. 

Predetermined Lines — The first heading line of printing can be set at a 
predetermined distance from the top of the form. Succeeding lines directly 
followed by a total can then be printed, or the total may be placed on a pre
determined line at a fixed distance from the bottom of the form, even though 
the number of listed items may vary. 

Head Space — Head space is the name given to the space between the top 
of the bill and the center of the first printed line. There is no maximum or 
minimum distance from the top of the form at which the first line or printing 
may occur, as it may be printed in any position on the bill. Once set for a 
certain dimension, it may be necessary to call a Customer Serviceman to change 
the head space on a bill. 

Predetermined Total — The predetermined total line is normally any dis
tance up to 2 fa" (center to center) below the first line of printing, while not 
being more than 1-9/16" from the bottom of the form. If a distance greater 
than 2 %" is desired, the Engineering Department should be consulted. The 
location of the predetermined total line can be changed, but it may be neces
sary to call the Customer Serviceman to make this change. 

All items which are listed on the form must be printed in the space be
tween the two predetermined lines, the first line and the total line. The en
tire capacity of the form below the first line may be used for listing, if the 
predetermined total line is not used. In this event, totals will be printed on 
the next succeeding line after the listed item. 

Roll Paper and Single Sheet Feeding — A paper rod is supplied, when or
dered, to hold the roll paper, which may be fed through the bill feed. Single 
sheets may be manually fed through the bill feed when it is desired. Any size 
sheet up to 17%" wide can be used regardless of the size of the bills being 
fed through the bill feed. 

The bill feed is equipped with a pressure release, therefore, right or left 
hand adjustment of the sheet can be made after inserting the paper. A special 
chute assembly is being shipped with the bill feed if it is called for on the 
order to provide for the manual feeding of forms. The chute can be adjusted 
by the operator for any desired width of form up to 17%". 

Continuous Form Paper — Continuous form paper may be fed through the 
bill feed. A pressure release is provided so that the lower set of pressure rolls 
on the platen may be released. The paper is then drawn through by the upper 

Page 2 
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fe6d r0l'S °nlu' A special Paper guide release is provided when ordered 
copies o? stepTdCeformren Plat6n ^ th6 PaPer gUidQ when' Using multiple 

Envelope Feeding — Envelopes may be fed by the Automatic Rill Fooa 
only when they are especially designed for the purpose. The same points which 
apply to size of forms, also apply to size of envelopes and they must kilo be 

...» ZySfflZSgSt SSET r»mp, rsss .'Sla zszsrszsfzsr™ •» .v™r.:r.£ 
SPEED 
ti tma^ ')e J?sted to the individual forms at the rated listing sDeed nf 
the tabulator to which the bill feed is attached. This is true wheti onVnr ll 
items are listed, and the form ejected at the reset. The feeding and eJeSfon 
of forms occur simultaneously with the reset of the tabulator The time re 
quired for handling individual forms in a bill feed application is thn« th^L 
as that required for listing and total printing in the regutar lay onroll pip™ 
i w^ea single item ejection is being used, (that is, the form is ejected dur 
lng each list cycle without a reset) the speed of printing * 715 • 
ute on the 3-S regardless of the rated listing speed of the tabulator6' T h i s  
speed will be 80 forms per minute on the Alphabetic Printer OPERATING CONTROLS Aipuaoeuc rrinter. 

a kn^eTknobTri ~whi% *' L<?cated °a each elld of the platen roll shaft is a knuiled knob (G), which may be used to space the platen either forward or 
backward. When it is desired to space the platen in a reverse direct^n the 
feed drive clutch and the platen clutch must be released. a»ection, the 

Feed Drive Clutch Release Lever — Fig. 2 This lever fFl shciiia u 
pushed all the way down to release the feed drive clutch, so that the pfaten can 
be turned backward It is not necessary to hold this lever down Is a latched 
ever holds the clutch in this position until the machine is started lin n,,r. 

lng the upstroke of the drive clutch arm, the end of the latched lever hits 
against the stud, thus throwing in the clutch. 

NOTE The platen clutch must also be released before the platen can he turned in a reverse direction. e piaren can pe 
Platen Clutch Thumb Release —Fig. 3. The clutch (C), at the left side 

of the machine is thrown out by turning the knurled washer (B) upward 
The washer (B) must be held up while the platen is hein^ L.i?war®-
leased1"'611 ^ 'S automatically thrown in as soon as the washer (B) is^re-

NOTE — Also see Fig. 4. 
Pressure Release Shifter Lever Handle — There are two styles of pressure 

release levers used on the bill feed device for releasing the pressure of tho 
feed rolls above and below the platen cssure 0i the 

The one style shown in AA, Fig. 2, has two positions for the pressure re
lease 'evei. When in the rear position, the pressure is applied to the feed 
rol s When the lever is moved to its forward position, the pressure is released 
which makes it possible to shift the paper released 

The other style is shown in Fig. 5. Here the release lever has three posi
tions so that the pressure can be released on the feed roll below the platen 
while the pressure is maintained on the feed roll above the platen, thus g vile 
a good feeding condition for folded forms. When the pressure kelelse llvef 
ifn» 1 n ,6 rear Pom'mn (C), the normal operating pressure is applied to 

on the feed roll above the platen. This arrangement is used for feed con 
tinuous forms or roll paper. iceuing con-

If it is desired to release the pressure on both the upper and i™., 
rolls, the lever is moved to the forward position (A), This conditiliT is 
vided to permit the straightening and adjusting of forms. dition is pro-

Printed in U. S. A. 
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Platen Guide — Fig. 5. A special adjustable platen guide is furnished on 
bill feeds ordered for feeding continuous forms that are thick or stapled and 
that would ordinarily bind between the guide and the platen. For adjusting, 
the platen guide assembly has a link (G) attached on either end. Each link 
(G) has two holes, one of which lines up with the hole in the side tranie for 
either position of the guide. t ». • r,r,ci 

For feeding individual sheets (bills), the guide must be in its uppei posi
tion (D) and secured by inserting screw (F) through holes that are al'Sned 
to link (G) and side frame (H). Be sure to fasten the guide in this method 

°n b<ForSfeeding thick or stapled continuous forms, the screws (F) should be 
removed and the guide lowered until the other hole in the link (G) lines up 
with the hole in the side frame (H). When the guide is in the lower position 
(E), it should be secured with screw (F) to the link (G) and into the side 

Upper Ribbon Bar Release Knob — Fig. 3. In the event that a bill or 
form should become jammed under the upper ribbon bar or guide, the bar may 
be removed by pulling out on the knob (D). 

Front Bill Guide — Fig. 6. The bill guide may be removed by sliding it 
Sl'ShStackerhpiatel1 Release Knob — Fig. 3. The stacker plate may be removed 
from the machine by pulling out on the release knob (E). It may be neces
sary to remove this stacker plate when taking out a jammed bill. 

Magazine Side Plates — Fig. 2. The magazine side plates (A) may be 
shifted laterally if necessary to line up the bill with the type bars and also to 
accommodate the proper width of bill. 
MOUNTINGjt .^:nged tQ brackets (B) mounted on the back of the base, so 
that it may be tilted back when necessary for inspection and adjustment. The 
bill feed rests on two adjustable bolts (E) at the front. 

Before raising the bill feed, make sure that the stop plates (D) at the end 
of both grooves In the side frames are in the proper location to prevent the 
stacker pressure plate assembly from falling out when the unit is up. To re
turn the unit to normal, raise the stop link (located inside side frame), and 
see that the mark on the gear is opposite the mark on the timing pointer on 
the older type of unit. Time the new style according to the timing chart which 
will accompany it. 
GENERAL OPERATION — Fig. 1 . 

Forms are placed in the bill feed hopper face down with the top edge or 
the form toward the throat. The feed knives then push the bottom form 
through the throat and it is carried from there to the printing position of the 
type bars If the bill feed is not equipped for automatic feeding of the first 
bill into the printing position, it is necessary to operate the bill feed manually 
by depressing the proper key two or three times as required. After printing, 
the form advances to a scanning position where it is visible to the operator 
in the event that sight checking is required. From this position it passes into 
the eject stacker. Should the supply of forms in the feed hopper become ex
hausted or if for any reason a form fails to feed, the accounting machine auto
matically stops. 
EJECTION OPERATION — Fig. 2 , ,. . a On all bill feed devices a clutch and latch, which are controlled by a 
magnet, are provided to enable the ejecting mechanism of the device to be 
mechanically disconnected from the printer. 

The knife type bill feed can be driven from the total print shaft or from 
the list shaft for an eject cycle on the 3-S and 4-S numerical printers. On ma
chines where it is desired to eject on a reset cycle the bill feed is driven from 
the total print shaft through a train of spur gears. On bill feeds designed to 
lis? one item on each bill and then eject, the bill feed mechanism is driven 
from the list shaft. bm feed ig driven from a g6ar on the index 
shaft through a train of spur gears. There are two styles of drives on this 
printer which are similar in construction and different only in gear ratio of 
the clutch mechanism. 
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The one style has a 1 L to 1 bill^eed^evtce will take one 
*°e ?̂JcTt«?lT£o"ao« ol He printer. TM. rtrl. » »"4 °° »»• 

machine which 
is performing the above operations. for Qne revoiution of the clutch disc 

The other style is so des'pue . Therefore, it is possible to engage 
the hill feed will make onlJ ^^Le7 complete Alphabet Printer cycle by en-

rgS'tbe ffl^^d^trSW£op. into the notch at zero £ 

- .ot.e.« 

operations^ ^ ̂  geyeral Uems without totalling^^ ^ ̂  ̂  Uem. 
2. List one or several itemsi an predetermined line. The 

tatter'-r^M l^ofh^fthr\P9A6" t r oZ  the iower edge of the 

bill. 1 itomes onace to a predetermined line and continue 
,lst4 oLnf.r°"vSafSl. .» .'£»«• He >•* .««. «» »» '» « ^ 

-W.-S 
listing one or several tinted nPot higher than 1-9/16" on the bill. < 
this case, total must be P«nted n g h mQre flex,bie than the 

to change from one type o .P device is energized, the dog and 
When the ^llVgear aLembly, (H) Fig. 2, on the crank shaft 

ratchet engage, the bill feed s nd a link, the picker knives (I) ana 
operates through a t r a i n  of idler gears ana^^ ^ ^ L) respectively. This 
the first, second, and.,1^1 aiso drives the geneva movement (N), 'w^c 
Sefthe stacker1 being stationary while the bill is fed to the stacker finge 

» In «er(QTadnre 

ad3aThe Sd -efodn 
Se fô y1'wtinTt X"and « the Type 3 and Type 4 for listing and 
ejecting on a reset cycle wdhouttotalling^ f the total print 

The collapsible link is used on^jJ1 feed devi^. ^ .g ^ entirely on 
shaft on all numerica P installed on Alphabetical Printers. On 
two revolution clutch disc yp collapsible link will be used depend! g 
shaft driven types, a solid una 
upon the printing ^j^Xthe platen will be turning during 180 

a,b;K^tnr;ir.hr«%» >.<° «•« »• ™ »a 

space the following bill. lg0 degrees can be obtained by adjust-
This platen movement of less ban J^sme Unk can be converted 

gofJE"; Kte H. o.m MoH <LM TO- >• '« «»««' » tM 

collapsing is obtained. 
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OPERATION OF LINE SPACING MECHANISM — Fig. 3 
The line spacing mechanism is located at the left side of the machine in 

place of the conventional ratchet wheel. Two small friction roller clutches 
(see Fig. 4) of a design similar to that of the head space clutch are used. 
Any spacing from 3 to 8 lines per inch can be obtained by moving the rear end 
of the link (F) up or down in the slot of the lever (G). 

The line spacing mechanism functions to space the platen between listed 
items and to space the platen for the total when the total is printed under the 
last listed item. 

The fork arm (H) is operated by the standard spacing mechanism on the 
numerical printer and by the platen feed cam and connecting linkage on the 
Alphabet Printer. Each time that the arm (H) is operated, it oscillates the 
shaft to which it is fastened, which in turn causes the arm (G) to move back 
and forth. This causes the platen roll to revolve on the backstroke of the 
arm (G), by means of the link (F) and the platen clutch assembly (C), an 
amount depending upon the setting of the link (F) in relation to the slot (G). 

If predetermined total line is being used, the pin (L) will not be in the 
slot (M) and this pin, which is riveted to the gear, will move in a clockwise 
direction a distance equivalent to one space on the platen. This pin should be 
placed in the slot at all times except when using a predetermined total line. 

If the total is being printed directly under the last listed item, the pin (L) 
will be placed in the slot (M) and the stud (N) in the center of the gear (O). 
This causes the predetermined total mechanism to be inoperative. The total 
will then be printed the same distance below the last listed item as the dis
tance between listed figures. This space is obtained by the line space mech
anism. 

The feed rolls above the plates are rotated by a train of gears at the left 
end of the platen roll. The feed roll below the platen is turned by a gear 
train at the right end of the platen roll. 
PREDETERMINED TOTAL LINE OPERATION — Fig. 3 

When using the predetermined total features, the total will always be 
printed on the same line, regardless of the number of previously listed items, 
within of course the designed space between the first line and the predeter
mined total line. The pin (L) is removed from the slot (M) and the stud (N) 
is placed in the slot of the gear (O) at a position depending upon the loca
tion of the predetermined total line. 

Each time that the platen spaces for listing, the pin (L) will move in a 
clockwise direction. The total amount of pin travel will be determined by the 
number of listed items before the total. During a total cycle the gear (O) 
will revolve, moving the rack (K), clutch assembly (P), and the arm (J). 
The arm (J), after catching the pin (L), will space the platen to the predeter
mined line for the total on the upstroke of the type bars on a reset cycle. 

This mechanism is also used in conjunction with certain other spacing 
operations as follows: 

1. When using a long bill and listing one or several items on each bill 
and ejecting the bill, it is necessary to move the "tail end" of the bill out of 
the lower feed rolls to prevent overlapping of the bill when buckling back of 
the platen. 

2. When listing, and total printing under the last listed item on the Alpha
betic Printer. If the last printing is more than 1-9/16" above the bottom edge 
of the bill, this mechanism is used to move the bill past the feed roll under
neath the platen in order to prevent the following bill from overlapping the 
previous one. 
BILL BUCKLING — Fig. 1 

Bill feeds are designed for both platen buckling and feed roll buckling. 
The platen roll buckling is used as standard, and the feed roll buckling as 
special. The feed roll buckling is used only when a predetermined total must 
be printed higher on the bill than 1-9/16" from the lower edge. 
OVERLAP OF BILLS — Fig. 1 

The last front feed roll is equipped with rubber rolls, the purpose of which 
is to feed the bill up on the top of the roll after it leaves the last pair of rolls. 
This is necessary to clear the way for the next bill which in some cases must 
be fed up in back of the first bill. The rubber rolls can be adjusted laterally. 
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They should he divisioned so that they do not run over any printed part of 
the bill, in order lo prevent smudging. See stacker adjustments. 
AUTOMATIC STOP — Fig. 1 

A card lever contact (E) is placed between the first and second pair of 
feed rolls, or between the second and third pair, depending upon the type of 
bill feed. When the picker knives fail to feed a bill this contact will open, 
thus causing the printer to stop. 

The card lever contact is placed between the second and third pair of feed 
rolls (dotted position, Fig. 1) when the bill feed is equipped with a cam con
tact. (See paragraph on Two Revolution One Notch Clutch Disc). This card 
lever contact is used to control the printer so that a bill will be in a printing 
position in time for the first item. This contact may be used on special bill 
feeds without a cam contact, for the same purpose. 
ADJUSTMENTS 

Mounting Screws — Fig. 2. The hexagonal bolts (Z) located at the back 
of the bill feed device should be adjusted so that the platen is from the 
type face. The bolts (C) should be adjusted so that the platen roll is not 
higher on one side than the other in relation to the type unit, but is level. 

An adjusting bolt (E) is provided on each end of the bill feed supporting 
bar .to allow for raising or lowering of the front of the bill feed device to line 
up the center of the platen roll with the type. 

Picker Knives and Throat — Fig. 2. fi'he adjustment for the projection of 
the picker knives and the adjustment of the throat opening will vary, depend
ing of course, on the thickness of the bill. These adjustments will also vary 
depending upon the condition of the paper being used and should be changed 
to obtain the best feeding condition. 

The following adjustments are given, as an example, for bills .005" thick 
and should be used more or less as a standard for setting these parts: 

1. Picker knives should have .004" to .0045" even projection. 
2. The throat should be adjusted for .0065" to .007" clearance between 

the throat block and throat knife. 
3. The magazine side plates should be adjusted for .010" over the width 

of the bill. 
In addition to the adjustment for the projection, the knife assemblies must 

be adjusted as follows: 
1. The picker knife assemblies must be adjusted so that they are exactly 

in line and parallel to the first set of feed rolls. This is obtained by position
ing the individual knife operating sector (TT) on the shaft, by means of ad-
justng screw (QQ). 

2. Adjust the operating arm (KK) by means of screws (DD) on the end 
of the knife operating shaft so that the knives will be approximately 1/32" 
beyond the rear edge of the bills in the magazine, when the knives are at the 
extreme limit of travel to the rear. 

NOTE—If a bill should jam, be sure to remove all paper pieces as the 
least bit of paper left in the machine will cause the bill to tear. 

Drive Clutch — Fig. 2. The drive clutch is used to declutch the entire bill 
feed drive from the bill feed drive gears on the printer. This should be ad
justed as follows: 

1. The clutch latch stop screw (U)  should be adjusted for 3/C4" overlap 
of the latch on the pawl lever when the magnets are de-energized. 

2. The armature stop screw (V) should be adjusted so that there will be 
an unlatched clearance of 1/64" between the latch and the pawl lever when 
the magnets are energized. 

3. The magnet coils should be adjusted by loosening the screws (W) and 
shifting the magnet yoke assembly for .008" clearance between the armature 
and the cores when the armature is in its attracted position. 

4. When the clutch stop plate is against the latch there should be a clear
ance of .005" between the keeper and the clutch stop. 

Stacker — Fig. 7 
1. Loosen the screw (H) which holds the lock plate at the left end of the 

stacker shaft, and turn the stacker shaft so that the springs begin to open 
5/16" above the fingers of the stacker plate (K). 

2. Place a bill on top of the last set of feed rolls, and loosen the screw (B) 
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inside of the stacker. Turn the stacker drum so that the gripper fingers over
lap the top of the bill Move the roller (C) Inside of the stackei drum 
until it just touches the cam (D), then lock screw (B). should 

Front Bill Guide — Fig. 6. The vertical sections (A) of this guide should 
be positioned laterally so that they do not interfere with the reading of tne 
bill when It is in the scanning position. The adjustable plates (B) should ue 
positioned to guide the bill under the stacker fingers. The adjustment of tnis 
plate will depend on the width of the bill. 
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Feed Roll Tension — There are two styles of adjustments provided for ob
taining the proper feed roll tension. The exact spring tension for proper feed
ing cannot be specified in this manual as this tension will vary depending upon 
the paper stock being used, and the position that the bill is being fed through 
the platen; however, it should be set so that the bills feed properly. 

In cases where the feeding conditions would require readjusting the pres
sure for different operations 011 the same bill feed, rubber feed rolls are sup
plied and the tension should be approximately the same all along the feed roll; 
however, just enough pressure should be applied to obtain straight feeding. 

This conditions may vary, but some cases where rubber feed rolls are 
used are: Feeding short bills on right or left side of the same bill feed; feed-
in a short or long bill through the center of the same bill feed; and feeding 
folded forms and carbon copies. In the last case, rubber feed rolls are being 
used to prevent marking of carbon copies by feed rolls. 

With rubber feed rolls, oil-less bearings are being used. However, it is 
necessary to apply a small amount of oil to the shaft about every 1,000 hours 
of operation. 

Fig. 8 shows the type of adjustment which is provided on some bill feeds 
sent from the factory. This is adjusted as follows: 

C . 5 D  6 / 6  
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1. Adjust the screw (C) so that the bill will feed properly with as little 
tension as possible on the feed rolls. 

2. As the insert (A) wears, proper pressure can be maintained by adjusting 
the screw (C). When the proper pressure can no longer by obtained by the 
adjustment screw (C) a new pressure Insert, part No. 162571, should be in
stalled. 

3. Shims, part No. 162572, (B) should be inserted until the pressure lever 
insert (A) just clears the feed roll shaft when the pressure is released. This 
adjustment applies only to the pressure insert on the feed rolls above and be
low the platen, although the shims are provided in all of the assemblies. 

The pressure lever insert (A) should be covered with a thin film of oil 
every six mouths. An excess amount of oil should be avoided. 
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Head Space Adjustment—Fig. 2. To change the head spacing, proceed 
as follows: 

1. Remove the round cover at the right side of machine. 
2. Loosen the crank nut (R). 
3. Adjust the crank stud up or down by means of the knurled nut (T). 
To increase the head spacing, adjust the crank stud down and vice versa. 

Before adjusting the crank stud down, depress the lever at the upper front end 
of the right side frame which will disengage the head space clutch. Make sure 
that the crank nut is tightened securely after the adjustment has been made. 

On all bill feeds for which it is intended to print one line at a time (post
ing) the crank, (OO) Fig. 2, is calibrated. When adjusting to the various 
posting positions, it is necessary to loosen the crank stud nut (R), turn thumb 
screw (T) until pointer on crank is at proper position according to markings 
and tighten crank stud nut (R). 

It may be necessary to adjust the stud (N) Fig. 3, on gear (O) for cer
tain posting positions. This is not necessary for every position, but for certain 
groups of positions. The gear (O) is suitably marked for this adjustment (see 
paragraph on Stacker Timing). 

Line Space Adjustment — Fig. 3. To increase or decrease line space dis
tance, proceed as follows: 

1. Loosen the stud (S). 
2. Raise or lower the arm (F) as required. 
Minimum line space is eight lines to the inch. Maximum line space is 

9/16". 
NOTE — It is necessary to disengage the line space mechanism during 

posting operations on the Type 3 and 4 printers. This is accomplished by rais
ing up the bill feed and pushing the line space mechanism fork, which is under 
the feed, toward the rear of the machine (see (WW) Fig. 2). 

Predetermined Line Space Adjustment — Fig. 3. The position of the stud 
(N) in the slot (Q) will determine the location of the predetermined total line. 
The farther out from the center of the gear the stud is placed, the greater the 
distance that the predetermined total line will be printed from the first item 
on the bill. 

Predetermined Line Space Clutch Brake — Fig. 3. A brass brake (R) is 
provided on all bill feed devices to apply some friction on the line space clutch 
to hold the platen in position as the clutch moves back. No adjustment is 
required on this brake as the amount of friction is governed by a spring (V). 

Line Shaft Brake —• On numerical printers equipped with the latest style 
spacing mechanism (cam type), it is necessary to have some clearance between 
the slot in the arm (H) Fig. 3, and the pin in the spacing mechanism to pre
vent the carriage creeping ahead. A brake (U) Fig. 3, is provided on the 
shaft to hold it in position during tabulating operations. 

Collapsible Link — Fig. 2. The collapsible link (O) is adjusted to delay 
the starting of the head space operation until after printing the last item. It 
should be adjusted so that the platen starts to turn as early as possible. How
ever, not before the bill is completely buckled or not early enough so that the 
rebound of the type will cause double printing. 
TIMING ON 3-S AND 4-S PRINTERS 

The timing chart for each bill feed will be sent from the factory with the 
particular machine due to the fact that the timing will vary depending upon 
the type of work being performed. Nearly all timing charts are designed to 
provide for feeding of the bill into printing position for the first item by using 
the head space clutch and crank on the right side of the bill feed. When sev
eral listed items are being printed, the bill feed clutch will be disengaged when 
the crank is at or just past lower dead center position. When printing on a 
predeterminted line, the predetermined line space mechanism operates the 
platen before printng the total and the bill is ejected on the downstroke of the 
crank mechanism. 

General Layout of Timing Charts — Fig. 9. Printing one or several listed 
Items, total printing on a predetermined line or underneath the last listed item 
(bill feed driven from total print shaft). 

1. The bill feed runs from zero degrees to 360 degrees and therefore 
should be timed in at zero degrees when the total print shaft is latched up. 
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2. The crank starts to operate the platen for head spacing at approxi

mately 195 degrees. It will he noticed that the printing took place at 188 de
grees, but that the eject stroke, was delayed until 195 degrees. A collapsible 
link is used to provide this delayed action and should be adjusted accordingly. 

3. The bill enters the first pair of feed rolls at 252 degrees. 
4 .  The predetermined total mechanism stops operating the platen at 147 

degrees and should be timed accordingly. If the predetermined total mechan
ism is not used, the pin (L) will be in the slot (M) and the stud (N) will be 
in the center of the gear (O) Fig. 3. 

pjg 10 — Printing one or several listed items with no total and eject-
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ing on the list cycle (bill feed driven from list shaft). The following chart 

WO SiM(e"'X".'t%UoPv.r ,11 .ppTrolioos .nd 

"" Sol Ml F~r.o P°S-T"*e°ESl»E cl.rt, .p.ctty under "bill Med 
unit r^s" at what point of the printer cycle the bill feed clutch engages and W 
disengages The chart, Fig. 11, is provided to show the relationship between 
the degree timing of the bill feed and the cycle point timing on the mdex of 
[he printer. To time the bill feed to the printer, tilt the bill feed up and pro

ceed asJ^° . bill tee(j ,j0g engaged, latch up the printer at "D." 
2 With the printer in this position, turn the bill feed until the zero mark 

on the bill feed index lines up with the pointer (HH) Fig. 2 
3 Tilt the bill feed down and observe that the gears mesh properly. 
On total print shaft driven bill feeds on numerical printers, the latching 

up point for the bill feed is usually the same as the latching point for the t°tal 

print shaft which is oftentimes referred to as the "D' position of this shaft, 
and for this reason the bill feed index should show the zero degree mark oppo
site the pointer when the printer is latched up. 

On list shaft driven bill feeds, the correct timing position can easily be 
veart from the timing chart which will accompany same. _ 

Predetermined Line Space Mechanism — If no total printing is required 
and the bill feed is designed to eject on a reset cycle, the predetermined total 
line space mechanism can be used to help eject the bill by operating t e P a en 
to move the bill sufficiently forward to clear the space behind the Piatem This 
allows the following bill to buckle without overlapping the previous bill, when 
a short head space is used. . , H1, 

When using the predetermined line space mechanism to eject the Dill on 
bill feeds that are driven from the list shaft, the position of the stud in the M ) 
slot determines the time at which the platen starts to turn after printing, me w 
farther the stud is brought to the extreme outer position on the gear, the ear
lier the platen starts to turn. However, the platen should never start to turn 
so soon after printing that double printing is obtained due to a rebounding oi 
the type It is possible to place the above mentioned stud at the center ot tne 
gear if the last printing line is located 1-9/16" or less from the lower edge 
of the bill However, the nearer the last line is printed to the top of the Din 
the more the stud has to be moved to the extreme outer position on the pre
determined line space gear to take care of ejecting the bill. anarP 

Predetermined Line Space Timing — Fig. 3. The predetermined line space 
mechanism is timed for the stopping point. It should stop at the degree mark
ing given on the timing chart when the dog is engaged and the bill feea is 
operating. If the predetermined line space mechanism does not stop at tnis 
point, proceed as follows: . 

1. With the bill feed dog engaged, turn to the point on the index that u-e 
predetermined line space mechanism is supposed to stop. 

2. Loosen the screw at the end of the predetermined line space rack ana 
remove the sliding block. ,, ft 

3. Loosen the screw that holds the predetermined line space gear uen 
hand thread). . , lir> 4. Disengage this gear and turn same until the slot and the rack line 
(slot must be held all the way over to the right). 

5. Remesh the gear in this position. 
6. Replace the block and the screws and check timing. m \ 
Stacker Timing —Fig. 2. When the printing conditions are known, * 

stacker will be timed and the gear (X) marked accordingly at the a ' 
the bill feed is used for more than one type of work or if no special insu u 
tions are supplied, it may be necessary to time the stacker in the held. 

The timing of the gear (X) governs at which time in a cycle the staca 
will be in a stationary position. to„nr,p- oner-

This gear should be removed and timed to give the proper stacking: P 
a tions as this timing will vary for different sized bills. The timing of t 
stacker is effected by the position of the printing on the bill and is differe 
for short and long head spacing. For short head space and many listed item 
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or same head space and one line printing. The stacker timing is also effected 
by the stud (N) Fig. 3 on the gear of the predetermined line space mechanism 
and except when printing a predetermined line it is even possible to a certain 
extent to effect the ejection by changing the position of this stud by moving 
the same farther away from the center of the gears, which would be necessary 
only to help eject the bill. 

For certain posting positions it may be necessary to adjust gear assembly 
(X) Fig. 2. If necessary, this gear is suitably marked to indicate its adjust
ment for various groups of posting positions. If the gear has no other mark
ings, as the two standard markings 180 degrees apart, this indicates that the 
standard stacker adjustment takes care of all posting conditions and does not 
need to be changed. To change from one marking to another, loosen nut (FF) 
and bring gear assembly (YY) out of mesh. Then turn gear assembly (X) 
until the desired marking is opposite pointer (Y), bring gear assembly (YY) 
back into mesh and tighten nut (FF). The markings on this gear are in dupli
cate as this gear makes only one-half turn per cycle and either pair of mark
ings may be used. 

Knife Timing — Fig. 2. The knives should be timed so that the bill is 
gripped by the first pair of feed rolls at the time specified on the timing chart. 
This timing is obtained in the following manner: 

1. Engage the bill feed clutch dog and turn to the point on the index where 
the rolls should grip the bill. 

2. Place a bill against the first pair of feed rolls. 
3. Loosen the screws on the index gear cap (JJ) and turn the cap moving 

the crank until the knife projection just touches the rear edge of the bill, 
when the bill feed clutch is engaged and the index is at the proper point. 
TIMING ON ALPHABETIC PRINTER 

Single Revolution One Notch Clutch Disc—Fig. 12. The general sequence 
of operations on this type bill feed when installed on the alphabetic printer is 
practically the same as when installed on the 3-S machine. Fig. 12 shows the 
various timing points to be taken into consideration for timing purposes. 

1. The bill feed should be timed to the printer so that the dog will drop 
into the one tooth ratchet at a point on the index corresponding to the time 
given on the timing chart when the bill feed starts to run. Referring to Fig. 12 
the dog should drop in at 200 degrees. This timing may be secured by en
gaging the bill feed clutch dog and turning the printer to 200 degrees and 
then with the bill feed raised, turn the head space crank on the bill feed until 
the mark on the bill feed index gear is opposite its pointer. Lower the bill feed. 

2. Turn the machine until the large crank (head space) is at bottom dead 
center. This will be at 195 degrees on the index. 

3. It will be noticed that the first pair of feed rolls grip the bill at 94 de
grees for 3 V4," bill. This condition is obtained in the same manner as stated 
under 3-S timing. 

4. The predetermined line space mechanism is timed to stop at 344 de
grees, which is also obtained in the same manner, as stated under 3-S timing. 

5. The stacker should be timed so that at 200 degrees, one of the marks 
on the drive gear will coincide with the pointer. Either mark may be used as 
they are 180 degrees apart. If a correction is necessary, time in the same 
manner as set forth under 3-S stacker timing. 

Two Revolution One Notch Clutch Disc — Fig. 13 
To time the bill feed to the printer, proceed in the same manner as in the 

single revolution clutch disc type. All timings may be readily seen by refer
ring to the timing chart and are obtained for the various parts in the same 
manner as heretofore. The timing charts shown in Fig. 13 are for standard 
size bills from 3*4" to 5". 

At present, alphabet printers with two revolution one notch clutch discs 
are equipped with a cam unit. The purpose of this cam unit is to eliminate 
the necessity of depressing a key several times and manually feeding the first 
bill into the printing position in the bill feed. With this cam unit, it is pos
sible to feed the first bill into printing position and start the bill feed by de
pressing the key only once. 

It is timed so that the contact (A) Fig. 3 opens at 212 degrees when the 
cam allows the center strap to drop. This timing is only for bill feeds with 
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a two revolution clutch timed as shown in timing chart Fig. 13. 
The cam unit should be timed by turning the printer around to 212 de

grees on the printer index with the bill feed clutch engaged. Then, if the 
cam is not timed correctly, disengage gear (W) Fig. 3 and remesh so that 
the cam (I) has just released the center strap (see dotted position of cam (1) 
Pig 3)# 

NOTE The timing charts used in this manual arc given only for exam
ples, and reference should always be made to the timing chart which accom
panies the particular bill feed which is being timed as the timing charts will 
vary depending upon the particular type of work being performed. 
CIRCUITS 

No attempt will be made in this manual to cover the circuits used in con
junction with the bill feed device as these vary depending upon the work being 
performed. A circuit write-up will be sent with each bill feed. 
PROCEDURE FOR REMOVING STACKER DRUMS 

If it is necessary to remove the stacker drum, this part may be taken out 
of the bill feed without removing the side plates as follows: 

1. Remove the upper covers on both sides of the bill feed. 
2. Take out the pin in the hub of the gear on the right end of the stacker 

d'nnl3. Drive the taper pin out of the right stacker drum support casting. 
4. Unscrew the stacker drive shaft (PP) Fig. 2 (right hand thread). 
5. Remove the stacker lock plate (X) Fig. 3 at the left end of the stacker 

sIL&I. t 
6. Push the stacker shaft to the extreme right (facing the front of the 

machine) and the stacker assembly can be removed. 
PROCEDURE FOR REMOVING PLATEN 

If it should be necessary to remove the platen, the platen shaft can be 
pulled out at the left end of the bill feed, after removing the following major 
parts (Fig. 4). 

1. Right knob. 
2. Gears on the right end of the platen shaft. 
3. Both taper pins in the platen hubs and stud (T) Fig. 3 at the left end 

of the platen shaft. ^ 
The ball bearing at the left side will come with the shaft, whereas the 

bearing at the right end will remain in the housing. 
INSTRUCTIONS TO CHANGE FROM BILL FEED TO CARRIAGE ON 
ALPHABETIC PRINTER — Fig. 14 

1 Tilt the bill feed up until the support bracket latch (C) engages. 
2 The bill feed supporting link (D) attached to the left hand side frame 

of the Printer should be screwed to the upper bill feed supporting link bracket 
(E) on the left bill feed side frame by means of the hexagonal headed screw (F) 
auDDlied with the machine. 

3 Disconnect the upper end of the platen feed connecting link from the 
line space bell crank and remove the line space bell crank bracket with the 
bell crank attached. 

4. Remove the bill feed support bar, front support bracket right and front 
RiiDDort bracket left (G). , 

5 Install carriage and fasten it to the left and right side frames. Use 
ion? dowel screws (H). Holes are provided in the cover casting to make it 
nnRRible to fasten the carriage casting to the left side frame without removing 
tho cover On the right side, insert the long dowel screw through the clear-

nce nrovided for same in the clutch latch magnet plate assembly. The car
riage is ready for use after the platen feed connecting link is slipped on the 

StUd l°n orde^to^hang^'to the bill feed follow the above instructions in the 
reverse 
FANU°onlered special, some bill feeds are equipped with fanfold guides, which 
eliminates, to a certain extent, the necessity of using a carriage in conjunction 

WitbTo^nstall fanfold guides remove the following parts: 
1. Adjustable front guide assembly (G) Fig. 1." 
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2. Pressure plate (A) Fig. 1. 
3. Stacker plate (F) Fig. 1. 
Insert lower paper guide assembly (A) Fig. 15. The location of the front 

lower paper guide supporting rod (B) is the same as that of the stacker plate 
support bar of the stacker plate which was previously removed. The other 
supporting rod (C) slides in the slot which is provided in the left and right 
side frame. The spring clips (F) hold the lower paper guide assembly to the 
same support rod that the magazine side frames are fastened to. Attach upper 
paper guide assembly (D) to bill feed using the two thumb screws (E) on top 
of the bill feed side frame to fasten this guide to. the machine. 

When using fanfold forms, feed them from the paper box located behind 
the machine, over the lower paper guide (A), sliding along the guide strip on 
the left lower paper guide to obtain straight feeding, until the paper touches 
the platen. Then turn the platen and feed the forms through the rollers on 
top of the platen allowing them to slide back over the upper paper guide into 
another compartment of the paper box. It is very important that the edge of 
the paper which is caught by the platen is cut straight and at right angles to 
the sides. 
Bill Feed Chute 

If the bill feed specifies manual feed a chute assembly (G) Fig. 16 is 
shipped with the machine. This makes it possible to feed single sheets which 
are too large to be fed through the bill feed automatically from the hopper. 

To install the bill feed chute, remove the pressure plate and stacker plate. 
Insert lower paper giude assembly (A). The location of the bill feed chute 
supporting rod (B) is the same as that of the stacker plate support bar of the 
stacker plate previously removed. The other supporting rod (H) slides in the 
slot which is provided in the left and right side frame. 
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Automatic Carriage, Type 921 

REMOVAL PROCEDURE -
EJECT MECHANISM 

IN ORDER that adjustments may be 
made on the line spacing mechanism, 
it is best to remove the center cast
ing and ejecting mechanism as an as
sembly. Refer to Figures 1 and 2 for 
the following removal procedure: 

1. Remove covers. 
2. Remove wires from the fol

lowing: 
a. Short speed contact 
b. Sector contact 
c. Cable clamp 
d. Two-line contact 
e. Eject magnet 

3. Remove the two-line contact 
support bracket. 

4. Remove the dowel screw and 
support bracket for the two-line 
c o n t a c t  p a w l .  R e m o v e  t h e  
bracket carefully, as it is posi
tioned with a dowel. 

5. Remove the pinion block by 
loosening setscrews. 

6. Remove the screw from the 
pinion gear shifter assembly on 
the right side of the carriage. 

7. Remove the screw from con
tacts 1 and 2 operating arm to 

release the contact bracket sup
port link. 

8. Push the sector to a forward 
position manually, leaving the 
take-up mechanism in the nor
mal restored position. 

9. Remove screw from the feed 
clutch drive disc . 

10. Remove the taper pin from the 
platen clytch lock cam lever 
assembly on the right side of 
carriage housing. 

11. Remove the adjusting screw 
from the detent lift cam as
sembly on the right side of the 
carriage housing and turn the 
cam out. 

12. Remove the three remaining 
dowel screws and the eject 
mechanism as a unit. 

13. Reverse the above procedure to 
reinstall the eject mechanism. 

LINE SPACING MECHANISM 
ADJUSTMENTS 

FIGURE 3 illustrates the line spacing 
mechanism. 
Note: The following line space ad
justments are made with the eject 
mechanism removed from the unit. 

Figure 1 

Control Contacts 

fd Clutch 
Disc \ 

V*_— 
8 Feed 5 

Shaft 
2c. Behind Contact 

Assembly 
Stroke Arm Assembly 
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Short 
Speed 
Knob Eject-Space Manual 

Trip Lever 

Line Space Control Pointer 
Long 
Sheet 
Contact 

Starting Line 
Dial 

Ctytch 
pock Linkage 

Detent 
Lift Arr 

Figure 3 
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Positioning Line Space Magnet 
Position the line space magnet 

by shifting the magnet assembly for 
.003" clearance between the arma
ture and the core nearest the pivot 
point when the armature is attracted 
and touching the lower core squarely. 

Check the condition of the re
sidual pins at this time. They should 
have from .005" to .007" projection 
(Figure 4). 

.003" Air gap 
at upper core Line Space 

Armature 

Residual Pins 
.005" to .007" projection 

Armature Touching 
Lower Core 

Eccentric Armature Stop Screw 
Adjust the eccentric armature stop 

screw for .053" clearance between 
the magnet and the core farthest 
from the pivot point when the mag
net is de-energized (Figure 5). If 
this condition is not readily ob
tained, it may be necessary to re
adjust the magnet cores slightly, 
pivoting the yoke on the upper screw. 
Recheck adjustment shown in Fig
ure 4. 

Armature return spring should 
have sufficient tension to restore the 
armature to its stop and to hold it 
there when coil is de-energized. 

Line Space Clutch Pawl 
Unlatching Clearance 

With the armature held attractec 
and the latch held to the limit of its 
upward position, there should be 
.005" to .010" clearance between the 
line space latch and the line space 
clutch pawl; check at the release 
point. Bend the armature carefully 
at A to adjust for proper clearance 
(Figure 6). 

Forming Line Space Armature 
The tip of the armature should not 

be allowed to bottom in the notch of 
the latch. If there is insufficient 
clearance, re-form the latch operat
ing tongue until corrected. Recheck 
adjustment in Figure 6 after bending 
armature for above clearance (Fig
ure 7). 

Line Space Clutch Pawl and 
Stop Stud Clearance 

With the line space cam follower 
in the low dwell of the cam, see that 
there is .010" clearance between the 
line space clutch pawl and its stop 
stud when in the latched position. If 
there is insufficient clearance at this 
point, it should be corrected by 
grinding the back of the line space 
clutch pawl. When the armature is 
attracted and the line space clutch Figure 7 

A "V •* 

.053" clearance 

Eccentric Armature Stop Screw Adjustment 

Figure 5 

Unlatching 
Cleorance .005" 

Positioning Line Space Magnet 

Figure 4 

Eccentric Armature 

111. c. Locking 
Nuts 

Spring 

Line Space 
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pawl is released, there should be no 
appreciable movement of the line 
space cam (Figure 8). 

Line Space Clutch Pawl Spring 
The line space clutch pawl spring 

should have sufficient tension to hold 
the pawl bottomed in the ratchet 
tooth, when the pawl is unlatched 
(Figure 8). 

Line Space Latch Manual Trip Rod 
When the trip rod which connects 

the manual space-eject lever to the 
line space armature is replaced, it 
should be formed at the bend so that 
it will not be necessary to move the 
lever to the end of the slot before 
the armature will release the line 
space clutch pawl (Figure 9). 

Line Space Detent Clearance 
The line space detent must not 

rub against the teeth of the line 
space ratchet wheel when engaged 
in the teeth of the line space detent 
wheel (Figure 10 below, left). 

Stop Screw — Line Space Pawl 
With the line space pawl in the 

normal position, adjust the eccentric 
stop screw so that there is approxi
mately .005" clearance between the 
line space pawl and all the teeth of 
the line space ratchet wheel (Fig
ure 11 below, right). This adjust
ment must be checked again after 
the eject mechanism is installed. 

Line Space Pawl Plate 
With the line space control pointer 

set for single spacing, turn the line 

Lin^Space Lever 

Line Space Pawl 

Cut away so that 
detent will not be 

J operated by Line 
Space Ratchet Teeth 

Line Space Detent Clearance Adjustment 

Line Space Pawl and Stop Stud Clearance 

Figure 8 

Line Space Manual Trip Rod Adjustment 

Figure 9 

Line Space Pawl Eccentric Stop Screw 

Line Space 
Cam Follower 

Line Space Cam 
Follower Spring 

Follower 
In Low Dwell 
of Cam 

Line Space Clutch 
Spring 

Line Space 
Clutch 

At This Point for 
Clearance 

.005" 

Space Pawl 

Eccentric Stop Screw 

Line Space Ratchet Wheel 

Figure 10 Figure 11 
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space mechanism until the cam fol
lower is on the high lobe of the line 
space cam. At this point the ratchet 
and detent wheels should advance 
counterclockwise one detent position 
with an overthrow of .005" to .010 
between detent and detent wheel 
tooth. 

Adjust by changing the relation 
between line space pawl plate and 
the line space lever assembly. Start 
with adjusting screw at bottom of 
the slot and move as required. The 
above adjustment is temporary and 
will be further checked and adjusted 
with eject mechanism installed (Fig
ure 12). 

Line Space Pawl Spring 
When replacing the line space 

pawl spring, form the end which 
rests behind the line space plate ad
justing screw the same as the origi
nal. Be sure that the end of the 
spring is not allowed to move behind 
the lock washer when adjusting the 
screw on the line space pawl plate 
(Figure 13). 

Line Space Control 
The line space control pointer is 

made with a rectangular hole which 
fits over a correspondingly shaped 
shoulder on the right end of the line 
space control arm shaft. This fit 
must be snug to prevent any lost mo
tion between these two parts. In ad
dition, be sure that the line space 
control arm is rigidly pinned to its 
shaft. This also prevents lost motion. 
See Figures 3 and 14. 
Note: Install the eject mechanism 
upon the machine by following the 
reverse of the removal procedure. 
Exception—Do not install the feed 
pinion gear and block on the feed 
shaft until later in the adjustment 
sequence (see Feed Pinion Block and 
Zero, Block Adjustments). 

MISCELLANEOUS 
ADJUSTMENTS 

(Eject Mechanism Reinstalled) 

Zero Block — Purpose 
The setting of arm 3 on the scale 

is determined by the length of the 
paper form. It controls the full 
amount of the paper movement by 
positioning the starting point of the 

sector in its forward travel. The zero 
block (mounted on arm 3) serves as 
a stop for the sector in its. restored 
position. It is adjustable and it aug
ments the setting of arm 3 on the 
scale in determining the precise 
starting point of the movement of 
the sector. 

Adjust here to 
obtain clearance Line Space 

Pawl Plate 

Line Space 
Pawl 

.005' to .010' 

Line Space Pawl Plate Adjustment 

Figure 12 

Form hen 

Line Space 
Detent Wheel 

n 

Line Space Pawl Spring 

Figure 13 

Control Arm $ee pQjnfer hole 
must be rigidly pinned p|fs shaft -

Line Space 
Control Arm^W «\Une Spoce 

Control Pointer 

Line Space Control Pointer 

Figure 14 

> 

0 
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The zero block adjustment is used 
to obtain the following conditions: 

1. Assuming the end position of 
the forward movement of the sector 
or travel to be fixed, any variations 
in this travel must, therefore, be 
compensated for at the starting posi
tion of the sector. The zero block 
may be adjusted to correct for varia
tions of one line (Vfc" increase or de
crease) in the overall forward travel 
of the sector. Thus, the zero block 
must position the sector so that when 
it is moved from the fully restored 
position (against the zero block) to 
the extreme forward position by 
means of the line space and/or the 
eject mechanisms, the overall sector 
movement will coincide in length 
with the setting of arm 3, i.e., the 
total sector movement expressed in 
y6" multiples must be equal to the 
i/6" multiples contained in the sheet 
length setting of arm 3 on the scale. 

2. The zero block is further ad
justed so that the line space detent 
in its fully seated position shares the 
load of the restored sector with the 
zero block. This insures that the 
sector forward movement always 
starts from a fully detented feed 
shaft and platen position. 

3. A correctly adjusted zero block 
provides for 

a. Correct length of ejections (in 
conjunction with pinion gear 
and block adjustments). 

b. (With the sector against the 
zero block) 
1. Fully seated line space and 

platen detents. 
2. Platen clutch tooth clearance 

of .005". 
3. Free meshing of the pinion 

and the pinion block. 

Zero Block — Initial Setting 
1. Position arm 3 to the 0 grad

uation of the scale. 
2. Trip the eject clutch and manu

ally turn the eject mechanism 
to the upper dead center posi
tion. 

3. Loosen the zero block holding 
screw and position the zero 
block so that its camming sur
face just touches the stop stud 
of the sector. Tighten the hold
ing screw. 

4. With arm 3 retaining the above 
position, check this initial zero 
block setting by operating the 
eject mechanism under power. 
Observe the sector; it should 
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Zero Block Adjustment — Initial Setting 

Figure 15 

not move, since the setting is 
for a 0" sheet length. Refer to 
Figure 15. 

Note: A correctly adjusted zero block 
on most carriages is positioned in 
approximately a central location rel
ative to its holding screw. Because 
of variations in the dimensions of 
arm 3 pointers, however, it is possi
ble that the setting of arm 3 may 
vary one scale graduation in either 
direction; the zero block setting 
(above procedure) must compensate 
for this pointer variation and thus, 
on some machines, the zero block 
will necessarily be offset from the 
central location. 

A final zero block check and ad
justment is to be made later in the 
procedure after the pinion block and 
gear have been properly inserted on 
the feed shaft. See Figure 25 under 
Eject Mechanism Adjustments. 

Platen Clutch Detent 
Adjust the platen clutch detent 

lift arm fpr a minimum clearance be
tween the platen clutch detent roller 
and the spacing clutch detent teeth, 
when the lift arm operating pawl 
moves the detent lift cam to its ex
treme left position (Figure 16). 

Line Space Detent Pawl Clearance 
Engage the eject clutch mecha

nism and rotate the motor knob 
manually until the feed clutch disc 
lock lever is raised by the third level 
of the clutch disc cam assembly, at a 
point in the cycle where the con
necting rod is just past upper dead 
center. 
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Minimum Clearance-

Platen Clutch Detent Adjustment 

Figure 16 

At this time adjust the start con
tact operating arm to obtain .005" 
clearance between the line space de
tent and line space detent wheel 
(Figures 17 and 34). 

Platen Clutch Tooth Clearance 
With the line space and platen 

detents fully seated the platen clutch 
teeth should have .005" clearance. 

To adjust for this clearance loosen 
the three holding screws in the pin
ion feed shaft gear and shift the gear 
relative to the flange to obtain the 
.005" clearance. Check for a uniform 
clearance at various detent positions 
(Figure 18). 

Line Space Pawl Eccentric 
Stop Screw 

Recheck the .005" clearance be
tween the line space pawl and 
ratchet wheel teeth. If necessary, 
adjust the line space pawl eccentric 
stop screw to obtain this clearance. 
Refer to Figure 11. 
Note: Remove the two-line contact 
and its operating bracket assembly 
to observe and make this adjust
ment; also, check the following ad
justment while these assemblies are 
removed. 

Line Space Pawl Plate 
With the carriage completely re

assembled, check the line space link
age for full line spacing movement 
on single, double and triple line 
space operations. Hold the platen 
clutch detent roller clear of the 
spacing clutch detent teeth and op
erate the manual trip lever for line 
spacing so that the platen moves 
ahead several lines. Then lower the 
detent roller into the detent teeth and 

Fsad Position Din lock 
dutch \ o? 3rd I***1 

of Dm 

Chonga relohva position 
of thai* two ports, 
to od|os> for -

lino Spoca 
Detent .005" 

Minimum dearanc* 

kin* Sooc* Detent Pawl 

Figure 17 

Platen dutch Gear 

Platen dutch Tooth 

Figure 18 
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watch for any forward or backward 
movement of the platen. 

To correct any movement that may 
be present, repeat line space pawl 
plate adjustment until the platen is 
carried to a fully detented position 
(Figure 12, page 6). 

EJECT MECHANISM 
ADJUSTMENTS 

Eject Magnet Armature 
The eject magnet armature tip is 

ground back at an angle of approxi
mately 20°. When the armature rests 
against its eccentric stop screw, there 
should be V2 to % overlap of the 
armature thickness on the latching 
surface of the feed clutch pawl. Ad
just the eccentric stop screw to se
cure this condition (Figure 19). 

Eject Magnet Yoke Assembly 
1. Position the eject magnet yoke 

assembly for .008" to .010" un
latching clearance between the 
feed pawl and the tip of arma
ture, with armature held in the 
attracted position against core 
farthest from armature pivot. 

2. At the same time, position 
the magnet yoke assembly for 
.005" clearance between arma
ture and core nearest the pivot 
point of armature. 

3. Check armature return spring 
for sufficient tension to return 
and hold the armature in the 
de-energized position (Figure 
2 0 ) .  

Take-Up Mechanism — 
Platen Clutch Lock 

At this point in the adjustment 
procedure it is advisable to check 
the operation of the stroke arm 01 
take-up mechanism and the platen 
clutch lock assembly. 
Checking Procedure 

1. Trip the feed clutch and turn 
the motor knob counterclock
wise until the clutch lock cam 
lever drops off the clutch lock 
cam. 

2. At this time check for sufficient 
unlatching clearance between 
the take-up cam and the take-up 
cam lock to insure a positive 
release of the take-up cam. 

3. With the take-up cam released 
check to determine that the 
take-up rack has been cammed 

Feed Clutch Pawl 

^ Eject Magnet\^ ^gnet 

Armature 

Eject Magnet Armature Stop Screw 

Figure 19 

Armature Retun 
Spring 

Unlatching Clearance 
of .008" .010" 

.005" Clearance between 
armature and core 
nearest the pivot point 

Eject Magnet Armature Unlatching Clearance 

Figure 20 
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Dutch Lock Arm Bail Shaft 

Pivot Point of 
Com Lever 

Unlatching 
Clearance between 
take-up cam ond 
take-up cam lock. 

Dutch Lock 

Take-up Mechanism and Platen Dutch Lock 
Ploten Clutch 
locked by Dutch Lock Arm 
during ejection. 

Dutch Lock Cam Lever 

Take-Up Mechanism 
Rack 

Arm Shoe 
Cam 

Figure 21 

toward the front of the ma
chine to a point where one of 
itsN teeth is fully and positively 
meshed with the stroke arm ad
justing dog. Should this condi
tion not exist, examine the 
take-up mechanism for binds 
and loose studs; also, check the 
tension of the take-up cam 
spring for sufficient tension. 

4. Check to see that the platen 
clutch is positively locked at 
this time. This locking action is 
designed to prevent the platen 
clutch from slipping during 
ejection (Figure 21). 

Eccentric Bushing — 
Connecting Rod 

Theoretically, a long, medium, or 
short sector movement during an 
ejection cycle should always end at 
the same point. Due to variations in 
the length of the linkage connecting 
the take-up mechanism to the feed 
clutch disc, it is possible for the sec
tor movement end position to vary 
when the ejection stroke is started 
from different points along the arc 
of the take-up mechanism. 

The eccentric bushing is provided 
to alter the length of the connecting 
rod, which will permit a correcting 
adjustment to be made in this rod. 
Thus, this eccentric bushing, when 
correctly adjusted, will cause the sec
tor to be driven to the same corre
sponding point at the sector stroke 
end for both long or short sheet ejec
tions or sector movements. 

Adjustment Procedure 

1. Set arm 3 to the 1" position on 
the scale. This is suggested to 
facilitate checking and adjust
ing; also, position skip arm 2 to 
the 1" position on the scale. 

2. Unlatch the eject feed clutch 
and turn the mechanism to the 
point where the connecting rod 
is positioned at upper dead 
center. (Feed pinion gear and 
block not on feed shaft at this 
time.) 

3. The adjustment of the eccentric 
bushing in the connecting rod 
may be checked by moving the 
stroke arm shoe up and down 
with a screwdriver along the 
entire arc of the stroke arm as
sembly. Observe the pointer of 
arm 2 in relation to the scale 
to detect sector movement. 
The ideal condition provides 
no movement at this time. A 
movement of GV' is permissible 
and should cause no trouble. 
Movement in excess of re
quires that the eccentric bush
ing be adjusted. The end posi
tion of the ejection stroke will 
vary between short and long 
ejections if this condition is 
present and is not corrected. 

4. Release the retaining spring 
and turn the eccentric bushing 
until a minimum movement of 
the sector is obtained when 
checking as outlined above. If 
this adjustment is correctly 
made, the check should result 
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Eccentric Bushing 

Connecting Rod 
Feed Clutch 

Eccentric Bushing 
d) Lock 
Turn Eject Mechanism 
to upper dead center 
position. 

fO 

Stroke Arm Shoe 

Stroke Arm Assembly 

(3) Manually move the Stroke 
Arm Shoe up and down 
along the arc of the Stroke 
Arm Assembly. 

Arm 3 Pointer 
(T) Set Arms 2 and 

3 to the 1" scale 
graduation. 

Arm 2 Pointer 

Observe Arm 2 pointers 
relation to the "O" gradu
ation of scale. No move
ment is ideal. 1 /64* 
Permissi ble 

Adjust Eccentric Bushing 
to obtain this condition. 

Connecting Rod Eccentric Bushing Adjustment 

Figure 22 

in a relatively smooth and easy 
movement of the stroke arm 
shoe along the stroke arm as
sembly, with little or no move
ment of the sector (Figure 22). 

Note: In case it is impossible to se
cure a sector movement of ttj" or less 
by adjusting the eccentric bushing, 
the following is suggested: 

Remove the stroke arm assembly 
from the machine and carefully ex
amine the surface over which the 
stroke arm shoe slides. This surface 
should be smooth and there should 
not be any high or low sections in 
this arc. If these conditions are not 
met, it may be necessary to replace 
the stroke arm assembly in order to 
achieve correct sector movements for 
both long and short ejections. 

Feed Pinion Block and 
Zero Block Adjustments 

In order that the exact movement 
of the sector may be reflected in a 
corresponding platen movement, it 
is necessary to insert the pinion 
block and gear accurately between 
the feed sector and the octagonal 
feed shaft. When the sector reaches 
its maximum point of movement at 
ejection end, the platen should also 
be at its extreme limit of movement. 
This latter limit is a fully detented 
platen position. This relation is de
termined by the correct positioning 
of the pinion gear and block on the 
feed shaft. 

Adjustment 
1. Trip the eject feed clutch and 

turn the mechanism to the 
upper dead center position. 

2. The feed pinion gear and block 
and pinion gear shifter assem
bly are to be inserted into posi
tion at this time (Figure 23). 

3. Before continuing, be sure the 
platen detent is fully seated. 
Hold the platen clutch gear 
train so the platen clutch teeth 
are fully meshed. Assemble the 
pinion block and gear and slide 
them on the octagonal feed, 
shaft together until a position 
is found where the pinion gear 
will mesh freely with the sec
tor teeth. A meshing position 
should be found which will pro
vide a minimum or no clear-

Feed 

Block 

Feed Pinion and Pinion Block Adjustment 

Figure 23 
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ance between the sector and 
pinion teeth in the driven direc
tion. Tighten the setscrews of 
the pinion block. 

4. Restore the sector to its normal 
position against the zero block. 
Check to see if the pinion gear 
will slide in and out of pinion 
block freely and that there is 
.005" clearance between platen 
clutch teeth. If the above con
ditions are not met, it will be 
necessary to adjust the position 
of the zero block. This block is 
moved right or left, as the con
dition requires, until zero block 
shares the load of the restored 
sector with the line space de
tent and detent wheel. This 
should permit free disengage
ment and engagement of the 
pinion block and the gear and 
restore the platen clutch tooth 
clearance to its .005" dimen
sion. This is important because 
when an ejection operation 
ends (sector is against the zero 
block), these platen clutch 
teeth must mesh accurately to 
insure proper line spacing or 
ejection on the succeeding oper
ation (Figure 24). 

5. After the zero block adjust
ment has been made, turn the 
eject mechanism manually to 
upper dead center. Check to 
see that the platen is driven to 
the fully detented position; at 
this time the pinion block and 
gear should disengage and en
gage freely, if the adjustments 
have been properly made. 

6. To check the adjustment of the 
zero block further for correct 
operation it is suggested that 
tests 1 and 2 of the Carriage 
Testing Procedures be applied 
at this time. These procedures 
may be found later in this text. 

Note: The above adjustments of the 
pinion gear and block, along with the 
zero block, should provide correct 
ejection lengths under ideal or aver
age paper load conditions. 

Line Space Pawl Latch Interlock 
With the eject clutch button en

gaged and arm 3 set for three line 
spaces, check to see that only three 
line spaces may be obtained when 
operating the line space-eject lever 
manually. If more than three line 
spaces are obtained, form the ear on 
the line space pawl latch so that the 

© 

With Sector in the 
stored position, ef 
conditions shown ot 1, 2, 
3. To adjust, move Zero 
Block slightly as required 

in disengage
ment ond engagement of 
Pinion Gear and Block. . 

Line Space Detent 
fully seoted. 

Zero Block — final Adjustment 

Figure 24 

ft 

Figure 25 

Line Space Clutch Pawl 
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sector pin locks the latch in an in
operative position after 3 line spaces 
(Figure 25). Care should be exer
cised so as not to destroy the line 
space armature adjustment, when 
forming ear. 

Variations in Pinion Block and 
Zero Block Adjustments 

A setting obtained by the above 
method should be correct for a 
new carriage using forms of average 
length and number of copies. 

If multiple carbon copy forms are 
being used or if the carriage is 
equipped with a form feeding device, 
it may be necessary to change th 
position of the pinion block and pin
ion gear on the feed shaft so that 
the torque due to load may be co -
pensated for and the platen carried 
to a fully detented position. 

During any ejecting operation the 
sector should always move to the 
identical end position. By changing 
the position of the Pmion gear aud 
block on the octagonal feed shaft, it 
is possible to cause the platen detent 
to underthrow or overthrow the fully 
detented end position slightly. This 
is desirable as stated above so that 
load variations may be compensated 
for and thus make it possible to end 
the ejection in the proper platen de
tent position. Adjusting for the 
above conditions is possible because 
the feed shaft which holds the pin
ion block is octagonal and thepimon 
gear has 15 teeth (model 18) or 22 
teeth (model 12). Since the number 
of teeth is not equally divisible by 8, 
there is a slight advancement or re
tardment in the relation of the teeth 
on the pinion gear to the teeth on 
the sector. The positioning of the 
pinion block and gear on the octa
gonal feed shaft to °btajY fti™ 
advanced or the retarded relation
ship of these gear teeth will Pro^e 

for either an overthrow or an under
throw of the platen detent, respec

tively. 

Adjustment  Variations — 
Heavy Form Ejecting 

In order to compensate for heavy 
oaper loads during ejection it is 
often necessary to adjust to obtain 
a slight overthrow of the platen 
detent. The following adjustments 
apply to this condition: 

1 With the eject button engaged, 
trip the eject clutch and manually 
advance the sector to its extreme for-

Insertion position provides for desired 
amount of tooth interference to o per. 

feet mesh. 

Feed Shaft must be turned 
to mesh teeth. Platen over
throws at ejection end. 

Pinion Geor and Block Adjustment - Heavy Load 

Figure 26 

ward position (upper dead center). 
If the pinion block and gear mesh 
freely at this time, it indicates that 
the end position of the sector lines 
up with the fully detented platen 
position. The amount of interference 
to a perfect mesh of block and pi 
ion indicates the amount ahead or 
behind a fully detented position. 

2. Continue the procedure by re
moving the feed pinion block and 
gear from the feed shaft. The feed 
pinion shifter assembly must be re
moved with the above parts. 

3 Mesh the pinion gear and pin
ion block and slide them on the oc
tagonal feed shaft together in such a 
position so as to provide for a slightly 
advanced relationship of the pinion 
gear teeth to the sector teeth (see 
Figure 26). This can readily be ob
served as the pinion gear is moved 
in on the feed shaft against the sec
tor. Since the sector has been driven 
to its extreme forward position in 
order to mesh these two gears, it is 
necessary to turn the feed shaft 
counterclockwise, thus producing an 
overthrow of the platen detent. The 
amount of this overthrow may be 
varied within limitations by increas
ing the above advanced relationship 
(see Figure 27). 

4. Replace the pinion gear shifter 
assembly along with the insertion of 
the pinion gear and block. Tighten 
the setscrews of the pinion block. 

5. Restore the sector to the nor
mal position against the zero block. 

6 Note that the above change in 
the adjustment of the pinion block 
and gear altered the position of the 
feed shaft relative to the home posi
tion of the sector. This changes the 
.005" platen clutch tooth clearance 
and the seating of the line space de
tent. With the sector against the zero 
block the line space and platen de
tents must be fully seated and the 
.005" platen clutch tooth clearance 
must be maintained. 
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Therefore, the zero block in this 
case must be moved so as to permit 
the sector to move slightly further 
to the left until the line space detent 
pawl shares the load of the restored 
sector. Check this adjustment by de
termining that the pinion and pinion 
block are free to disengage and en
gage freely, thus insuring that the 
line space detent is fully seated; also 
check for the .005" platen clutch 
tooth clearance. Note that any 
change made in the position of the 
pinion block and gear will require 
that the zero block be readjusted 
(see Figures 24 and 27). 

7. When the sector is turned to 
its extreme forward position and the 
pinion block and gear are disen
gaged, it will be found that they will 
not mesh freely after the above ad
justments have been completed. The 
amount of interference to a perfect 
mesh indicates the amount of over
throw for which the mechanism is 
adjusted. 

8. With arm 3 set for three lines, 
test the carriage by line spacing one 
line and ejecting two lines. If the 
platen is not advanced two lines on 
ejection, it means that the zero 
block is set too far to the left and 
should be repositioned. After read
justing the zero block, return the 
sector to normal. 

9. A second test may be made by 
taking two line spaces and then an 
ejection. If the platen moves ahead 
two lines on ejection, the zero block 
is set too far to the right. 

The zero block is used to correct 
for variations of one full line. The 
pinion block is used to correct for 
fractions of one line. 

10. At this time the line space 
mechanism mechanical interlock ad
justment should be rechecked (Fig
ure 25). 

Adjustment Variations-Momentum 

If there is momentum from the 
weight of the form device which is 
being moved, it may be necessary to 
change the pinion block and gear so 
that the platen may not be quite 
carried to a fully detented position 
when operated by hand. This is done 
by repositioning the pinion block 
from the standard position on the 
feed shaft, as required. 

1. In order to provide for an un-
derthrow in regard to the platen de
tent at the ejection end, the same 

Insert Block and Pinion to 
obtain this tooth relationship. 

This insertion provides for 
an underthrow of Platen at 

ejection end. 

Pinion Gear and Block Adjustment — Momentum 

Figure 28 

general procedure is to be followed 
as in the adjustment for an over
throw condition. In this case it is 
necessary to insert the pinion block 
and gear on the feed shaft in such a 
position that the relation between 
pinion gear teeth and sector teeth 
will provide a retardment or unfler-
throw of the platen detent (Figure 
28, above). 

2. The zero block must be ad
justed in this case also. With the 
sector against the zero block, adjust 
so that the same conditions in regard 
to the line space detent and the 
platen clutch tooth clearance are 
obtained. 

3. Apply the same tests as given 
above to check for correct operation. 

Sector Scale. 
Position of the sector scale will 

affect the length of ejection from 
different sheet length settings. This 
should be checked by setting sheet 
length arm at zero, at the middle of 
the scale and at the end, checking 
that the platen clutch clearance does 
not change from the required .005" 
dimension. Correction is made by 
raising or lowering the left end of 
the scale. 

Figure 29 demonstrates the vari
ations in the position of arm 3 ob
tained by moving the scale. 
Note: A new sector scale is now 
being used which incorporates an ad
justable stroke arm take-up mecha
nism unlatching cam. This cam can
not be installed on the old style 
scale ( cam riveted). Refer to CEIM 
#988. 

This adjustable cam may be posi
tioned to allow for variations in 
position of the take-up mechanism 
due to manufacturing tolerances. It 
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Figure 29 

should be adjusted to unlatch the 
take-up mechanism just before this 
mechanism reaches the limit of its 
upward movement during an ejection 
cycle. 

Dog Release Latch Lever 
Eccentric Stud 

When the sector is in the home 
position, adjust the eccentric stud so 
that the take-up mechanism will be 
raised to its latched position. 

Adjust the stud to obtain a slight 
relatching clearance between the dog 
release latch and the dog release re
storer (see Figure 30). 

Warning: Be sure the eccentric stud 
is not adjusted too high as breakage 
of the casting may result. Refer to 
Suggested Checks (d), page 19. 

Sector Contact 
Set arm 3 to 1" on the scale and 

adjust the sector contact operating 
arm to close the sector contact as the 
sixth line space is taken (Figure 31). 

Short and Long Sheet Contacts 
Short sheet contact should be 

made when arm 3 is positioned for 
sheet lengths of Ve' to 3%". With 
arm 3 setting of 35/g" this contact 
should be open. On medium-long 
speed carriages the short sheet con
tact is made for settings of J/£" to Figure 31 

.005" 
Platen Clutch Tooth 
clearance must be 
maintained for any 
sheet length setting 
of Arm 3. 
The scale adjustment 
is normally used to 
adjust for this clear
ance when Arm 3 is 
set for long sheet 
lengths. 

Holding Screw 
clearance hole. 

To adjust, position Scale 
end vertically. Redowel 

Effect on position of Arm 3 
due to variations in scale 
adjustment (enlarged). 

Sector Scale Adjustment 

These lines represent 
the position of Arm 3. 

Adjustable / R®'®a*® 
Eccentric Stud • - Restorer 

Take-Up Mechanism Eccentric Relatch Stud 

Figure 30 

Slight 
Clearance Here 
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SV2"; it should be open when arm 3 
is set to 8%" (Figure 31). 

The long sheet contact is closed 
when the feed interlock disc is prop
erly positioned for long feed speed. 
On carriages equipped with short 
and medium feed speeds, the long 
sheet contact is closed when the ma
chine is set for medium speed (Fig
ure 2, page 3). 

Adjust the short and long sheet 
contacts for .010" rise off the support 
when made, and at least ^2" air gap 
when open. 

Control Contacts 5 and 6 
Contacts 5 and 6 are under the 

control of the eject mechanism. Con
tact 6 is normally made and breaks 
at the beginning of the ejection 
cycle. Contact 5 is normally open; it 
makes on the last or fourth level of 
the clutch drive disc cam and im
mediately breaks at the completion 
of the eject operation. At that time 
contact 6 makes. On the second and 
third level stage of the clutch disc 
both contacts 5 and 6 must be open 
(Figures 33 and 34). 

Two-Line 
Space Pawl 

Upper strap ^ 
must follow J 
pawl at all / 
times. ( J> 

Two-Line Contact 
Adjust the contact assembly and 

straps so that the contact opens at 
the end of two line spaces. Adjust 
the two-line space pawl so that it 
does not bottom in the line space de
tent ratchet. The upper contact strap 
must follow the pawl at all times; 
adjust the tension for the correct 
operation. This is important (Figure 
32). 

Control Contacts 1 and 2 — 
3 and 4 

Adjust N/C contacts 1-3 for proper 
make and rise of contact strap off 
support. Loosen holding screws of 
individual contact bracket assemblies 
and position assemblies to adjust. 

Operate carriage manually and 
cause N/O contacts 2-4 to be closed. 
Adjust support strap for proper 
make and (tj" rise off the support. 
At the same time check the N/C 
points 1-2 to insure they are open 
(Figure 33). 

Feed Disc 

Two-Line 
Contact Assembly 

Space Pawl must not bottom. 
Position Bracket to adjust. 

Line Space 
Detent Wheel 

Two-Line Contact Assembly Adjustments 

Contact Bracket Assembly 

Clutch Disc Assembly 

Carriage Control Contacts 

Direction of 
Disc Rotation 

Control 
Contact 5 

Contact 6 

Line Space 
Detent -

Direction of Disc Rotation and sequence of 
action are shown here as they would appear 
under actuaj observation on the machine. 

Relatching of Control 
Contacts 1 and 2 — 

Functions of Feed Disc and Disc Lock 

Figure 34 
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Skip Arms 1 and 2 
These arms must be properly-

located and adjusted to cause the 
control contacts 1-2 and 3-4 to be 
unlatched and transferred at the 
proper time. As either of these arms 
move from %" scale graduation to 
the 0 graduation, unlatching of their 
respective contacts takes place. 

Adjustment 
1. Set arm 3 to 2" on the scale. 

Restore the sector. 
2. Set pointer of arm 1 to 1 on 

the scale. 
3. With power on, manually trip 

the line space mechanism to 
take five line space operations. 
At the end of the fifth opera
tion the skip arm 1 should just 
move its respective skip lever 
latch without unlatching con
tacts. If this condition is not 
present, move arm 1 to obtain 
it (Figure 35). 

4. With power off, trip the line 
spacing mechanism and manu
ally rotate the motor knob to 
turn the machine through the 
sixth cycle of operation. The 
contacts should be unlatched 
approximately in the middle of 
this sixth line space operation, 
as the individual arm pointer 
moves toward the zero "Scale 
graduation. 

5. Restore the sector to normal, 
and, if arm 1 has been moved 
from its original setting of 1 
to obtain proper contact un
latching, it will be necessary to 
form the skip arm index pointer 
to coincide with the 1" gradu
ation. 

6. Adjust the tension of the small 
flat spring under the cam of 
the skip lever latch for con

High Lobe 
Feed Drive Clutch Disc 

Arm 1 should just move the Latch at the 
- end of the 5th line space operation. Con

tacts unlatch during the 6th operation. 

Skip Lever Latch 
for Contacts 3 and 4. 

Skip Arm 1 Adjustment. 

Figure 35 

tacts 3 and 4, to hold the cam 
in operating position. This cam 
should snap above the skip arm 
after contacts have been un
latched, to prevent a second 
unlatching of the 3-4- contacts. 
Check the relatching of con
tacts 3 and 4, after the line 
space operation (Figure 35). 

7. The checking and adjusting of 
arm 2 in regard to its unlatch
ing of control points 1 and 2 is 
to be made in a similar manner 
to that outlined above for arm 
1 and contacts 3 and 4. 

Relatching Control Contacts 1-2 
Turn the eject drive disc up to 

within W of relatching, and with 
the eject clutch drive disc lock on 
the high point, the contact latch for 
contacts 1 and 2 should be relatched 
with a slight clearance of .005" (Fig
ure 36). 

Grind or bond tip 
of Latch Arm. 

Control 
SVContacts 
[•>*1 

Start Contact 
Link 

Relatching of Control Contacts 1 and 2 

Figure 36 
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SUMMARY OF 
ADJUSTMENT SEQUENCES 

THIS summary of adjustment se
quences is provided as a guide to 
facilitate the checking and adjust
ment of this machine. Refer to the 
text for a detailed discussion of the 
listed items. 

Line Spacing Adjustments 
(Eject Mechanism Removed) 

1. Positioning Line Space Magnet 
(Figure 4). 

2. Eccentric Armature Stop Screw 
(Figure 5). 

3. Line Space Clutch Pawl Un
latching Clearance (Figure 6). 

4. Forming Line Space Armature 
(Figure 7). 

5. Line Space Clutch Pawl and 
Stop Stud Clearance (Figure 
8 ) .  

6. Line Space Detent Clearance 
(Figure 10). 

7. Stop Screw—Line Space Pawl 
(Figure 11). 

8. Line Space Pawl Plate (Figure 
1 2 ) .  

9. Line Space Control (Figure 
14). 

Miscellaneous Adjustments 
(Eject Mechanism Reinstalled) 

1. Zero Block — Initial Setting 
(Figure 15). 

2. Platen Clutch Detent (Figure 
16). 

3. Line Space Detent Pawl Clear
ance (Figure 17). 

4. Platen Clutch Tooth Clearance 
(Figure 18). 

5. Stop Screw—Line Space Pawl 
Recheck (Figure 11). 

6. Line space Pawl Plate—Re-
check (Figure 12). 

Eject Mechanism Adjustments 
1. Eject Magnet Armature (Fig

ure 19). 
2. Eject Magnet Yoke Assembly 

(Figure 20). 
3. Take-up Mechanism -— Platen 

Clutch Lock (Figure 21). 
4. Eccentric Bushing—Connecting 

Rod (Figure 22). 
5. Feed Pinion Gear and Block 

(Figure 23). 

6. Zero Block (Figure 24). 
7. Line Space Pawl Latch Inter

lock (Figure 25). 
8. Sector Scale (Figure 29). 
9. Dog Release Latch Eccentric 

Stud (Figure 30). 
10. Sector Contact (Figure 31). 
11. Short Sheet Contact (Figure 

31). 
12. Long Sheet Contact (Figure 

2 ) .  
13. Two-Line Contact (Figure 32). 
14. Control Contacts 1, 2, 3, and 4 

(Figure 33). 
15. Control Contacts 5 and 6 (Fig

ure 34). 
16. Skip Arms 1 and 2 (Figure 

35). 
17. Relatching Control Contacts 1 

and 2 (Figure 36). 

CARRIAGE TESTING 
PROCEDURES 

IT i s  suggested that the following 
tests be used as an aid in determin
ing correct machine operation: 

1. With arm 3 set for V2", test the 
carriage by line spacing one line and 
ejecting two lines. If the platen is 
advanced one line on ejection, it 
means that the zero block is set too 
far to the left and should be re
positioned. 

2. A second test may be made by 
taking two line spaces and then an 
ejection. If the platen moves ahead 
two lines on ejection, the zero block 
is set too far to the right. 

3. Set arm 3 to Vi". When the 
manual line space lever is operated, 
the platen should move three lines. 
If the platen moves more or less than 
three lines, bend the ear on the line 
space pawl so that the latch is 
locked at the point where the sector 
pin will stop it after three line 
spaces. 

4. Set arm 3 at 1%" or 11 spaces. 
Draw a line on the platen and ex
tend it to the base. Operate the 
manual eject lever three times; the 
platen will make one revolution, and 
the line on the platen should be back 
to its starting point. 

5. Set arm 3 at 5%" or 33 spaces. 
One operation of the manual eject 
lever should cause the platen to turn 
one complete revolution and bring 
the line back to its starting point. 



R E F E R E N C E  M A N U A L  T Y P E  9 2 1  1 9  

6. Set arm 3 at 11" or 66 spaces. 
On one operation of the manual eject 
lever the platen should make two 
revolutions and bring the line back 
to its starting point. 

7. Set arm 3 at 16%" or 99 spaces. 
One operation of the manual eject 
lever the platen should make three 
revolutions and bring the line back 
to its starting point. Test after each 
ejection for free movement of the 
pinion gear when engaged and disen
gaged with the pinion block. 

SUGGESTED CHECKS ON 
CARRIAGE OPERATION 

A. Suggested Checks on Failure 
of Sector to Restore 

1. Operating linkage binding at 
pivot points. 

2. Sluggish governor action. 
3. Bent line space feed shaft. 
4. Take-up mechanism rack worn, 

causing sluggish return. 
5. Mechanism in need of lubrica

tion. 
6. Two-line contact operating pawl 

positioned too deeply in detent 
wheel. 

7. Start contact link binding. 
8. Platen clutch ratchet not slid

ing freely during sector return. 
9. Failure of start link to release 

line space detent pawl. 

B. Suggested Checks for Take-Up 
Mechanism Binds 

1. Set arm 3 to l" on the scale. 
2. Turn the eject mechanism to 

upper dead center. 
3. With a screwdriver, raise and 

lower the feed sector stroke arm 
and check for a smooth sliding 
action of the stroke arm shoe 
along the take-up mechanism 
surface. 

4. In case of a rough, jumping ac
tion, check sliding surface of 
take-up mechanism and the 
stroke adjusting dog for a rough 
or burred condition. 

5. Trip the eject clutch and manu
ally turn the eject mechanism 
until the platen clutch lock 
cam lever drops off the clutch 
lock cam. At this time check 
for adequate unlatching clear
ance between the take-up cam 
lock and the take-up cam. Also, 
check for the proper locking of 

the platen clutch by this same 
action. A malformed spacing 
clutch arm often provides 
enough interference to the cor
rect movement of this locking 
mechanism to prevent the take-
up cam unlatching. 

C. Suggested Checks for the 
Space Feed Shaft Binds 

1. Set arm 3 to maximum sheet 
length. 

2. Turn eject mechanism through 
its cycle to a point just before 
take-up mechanism release is 
relatched to normal. 

3. Disengage eject clutch button. 
4. Move the sector forward and 

permit it to return slowly sev
eral times while checking for 
sector binds. Action should be 
smooth and positive. 

5. With machine in this same set
ting, hold the platen clutch dis
engaged. Rotate the pinion gear 
feed shaft which should now be 
free to check for freedom of 
movement. 

D. Suggested Checks on Eject 
Clutch Drive Disc Restoration 

1. Turn eject mechanism manu
ally through its cycle until eject 
clutch pawl is latched on the 
feed magnet armature. 

2. Check to see that the clutch 
disc lock falls into the V cut of 
the clutch disc assembly. 

3. In case the above does not 
occur, check the take-up mecha
nism, dog release latch eccentric 
screw adjustment. This screw 
should not be so positioned as 
to prevent the clutch drive disc 
turning to its locked position. 

LUBRICATION 
THE NEW governors now being used 
on the carriage are extremely sensi
tive to oil on the shoes. Any oil on 
these surfaces increases the govern
ing action and can cause the sector 
to fail to restore. To insure this gov
ernor's correct operation the shoes 
must be kept free from oil. 

IBM 6 
(1) Bearings of drive motor. 

IBM 9 
(1) Oil lines under drive gear 

cover. These lubricate the 
drive gear bearings. 
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(2) Drive gear teeth. 
(3) Contact assembly pivots. 
(4) Eject cam pivots. 
(5) Sector pivot. 
(6) Feed pinion gear. 
(7) Clutch disc lock pivot. 
(8) Clutch lock cam lever 

pivot. 
(9) Connecting rod pivots. 

( 10) Take-up mechanism pivots. 
Take care not to get oil 
on stroke arm shoe sliding 
surface. 

(11) Stroke arm shoe pivot. 
(12) Platen drive gear bearings. 
(13) Platen bearings. 
(14) Platen pressure roll bear

ings. 
(15) Platen detent roller. 
(16) Any time center casting is 

removed all of the line 
space pivot points should 
be lubricated with IBM 9. 

BM 27 
( 1 )  P i n i o n  f e e d  s h a f t  b a l l  b e a r 

ing race. 

STANDARD SWITCHES 
AND THEIR PURPOSE 

THE switches illustrated in Figure 37 
supplement the control panel wiring 
in controlling operation of the auto
matic carriage. They have the follow
ing functions: 

Carriage Ejection Interlock Switch 
This switch is effective only when 

the carriage is set for short-sheet 
ejection. Otherwise the interlock is 
automatic, and the switch may be 
disregarded. 

CARRIAGE 
EJECTION 
INTERLOCK 

Automatic Carriage Switches 

Figure 37 

With the switch ON, the interlock 
provides an idling cycle and suffi
cient time for successive ejection 
when one group of heading cards is 
followed directly by a second group 
of heading cards punched with a dif
ferent control number. This also is 
true when one set of detail cards is 

followed directly by a second set of 
detail cards punched with a different 
control number. 

The switch also provides an inter
lock to prevent a total cycle from 
taking place when used with a be
fore-total ejection operation. 

When there is wiring for a before-
total ejection with the successive 
ejection switch (rear) ON, R23 will 
be prevented from picking up by 
R41BL points opening. Failing to 
close the R23B points under L9 will 
hold up the total print operation 
until the before-total ejection is com
pleted, thus causing an idling cycle. 

Carriage Overflow Switch 
This switch should be set to EJECT-

SPACE when heading cards are being 
used. When heading cards are not 
being used, it should be set to SKIP-
RESTORE if it is important that print
ing on the overflow sheet begin on 
the first printing line. If ejecting 
speed is the more important factor, 
the switch should be set to EJECT-
SPACE. When the switch is set to 
EJECT-SPACE and an overflow occurs, 
the ejection is followed by two line 
spaces. The two extra spaces are ob
tained only on overflow ejection 
when the switch is set to EJECT-
SPACE. 

In most overflow applications there 
will be additional wiring in the con
trol panel to cause an ejection as a 
result of a control change. If the 
change takes place before the over
flow arm has reached 0, relay 20 will 
not be picked up; therefore, the ejec
tion will not be followed by two line 
spaces. 

When the switch is set to SKIP-
RESTORE and an overflow occurs, the 
operation is overflow skipping (high 
speed line spacing) from the last 
printing line on one form to the first 
printing line on the succeeding form, 
followed by restoration of the mecha
nism. 

Single Sheet Stop Switch 
This switch is provided to facili

tate manual insertion of single sheets. 
When ON, it stops the accounting 
machine as the sheet is ejected. 

This switch shunts around R42AU 
point, which opens on an after-total 
ejection, and R33BU points, which 
open at the end of ejection, regard
less of whether the before or after-
total eject relays are energized. 
When in the ON position, the hold 
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circuit or R12 will be broken every 
ejection operation. 

RELAYS AND THEIR 
PURPOSE 

(Print Number 128450T) 
R17 digit successive ejection control 

pickup is in parallel to the eject 
after-total relay pickup coil and 
is used to control short sheet ejec
tion when used in applications 
such as single item ejection. This 
is important on print 128450F and 
earlier prints, since R43 has no 
R43AU hold point. 

R17AL holds R17 through CB29 
and 30. 

R17BL N/C point is used to keep 
R43 energized after R17 hold be
comes de-energized. 

R17BL N/O point permits R43 to 
be energized to cause short speed 
single item ejection after R42 has 
become de-energized at the end of 
the first ejection. R42H is again 
energized through R43AU point. 

R19 head control X and NX is en
ergized whenever the head control 
relay R29 is energized and used 
to control the circuits necessary to 
indicate that a heading card has 
passed the lower brushes. The 
contacts of R19 operate in con
junction with R27 to control the 
circuits which indicate that head
ing cards are followed by heading 
cards after ejection, or that de
tail cards follow detail cards after 
ejection. 

R19ATJ is the hold point for the hold 
coil of R19. 

R19AL N/C is connected to the head 
control exit X, the control panel 
hub and it operates in conjunction 
with CF28 and R27AL in order to 
prevent the re-establishment of a 
skipping circuit which was initi
ated to control skipping before the 
first heading card enters the lower 
brushes. 

R19BU transfer contact operates in 
conjunction with the head con
trol relay contact points R27BU 
and controls the impulse to the 
UEJ (unchanged ejection) control 
panel hub whenever R19BU and 
R27BU are transferred following 
an ejection. This indicates that 
detail cards are following detail 
cards after the ejection, or that 
heading cards are following head

ing cards after the ejection, such 
as would be the case in a voucher 
check application where the detail 
cards are missing (see R27BU). 

R19BL transfer contact operates in 
conjunction with the head control 
relay contact points R27BL when
ever the interlock successive ejec
tion switch 22 is set to ON (open). 
This controls interlocking the card 
feed and causes a machine idling 
cycle whenever successive ejec
tions are to occur, either because 
of an overflow, in cases where the 
heading cards of one group are fol
lowed by heading cards of another 
independent group, or where de
tail cards of one group are fol
lowed by detail cards of another 
independent group. See R27BL. 

R20PU sheet overflow control is 
connected to the exit 2 control 
panel hub, which when wired to 
any other control panel hub such 
as the L-OF (list overflow) or eject 
D hub, will become energized 
when arm 2 passes 0 on the scale 
and closes the eject contact 2. 

R20PL sheet overflow control is 
connected to the exit 1 control 
panel hub, which when wired to 
any other control point hub such 
as the L-OF (list overflow) or eject 
D hub, will become energized 
when arm 1 passes 0 on the scale 
and closes the skip auto start con
tact 4. 

R20A is used to maintain the hold
ing circuit for the sheet overflow 
control R20 holding coil and also 
for the pickup of R21; it main
tains this holding circuit until it 
is interrupted by CF36 or R33BL 
opening. 

R20B N/C points operate in con
junction with the skip-restore sec
tion of S21 (rear) and are used 
to control normal sheet ejection 
through the normally closed con
tacts of R20B when the switch 
is in the skip-restore position and 
R20 is not energized. The N/O 
contacts of R20B when closed 
(because of an overflow) control 
the circuit to the sheet overflow 
relay pickup coil of R46. This con
trols the circuits necessary to ad
vance the carriage sector to the 
limit of travel, so that the first 
printing line of the succeeding 
form will have been reached by 
line spacing before the carriage 
sector is restored to normal. 
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R21A is used to interlock the card 
feed and print clutches whenever 
a sheet overflow occurs with the 
carriage sector set to short sheet. 
This prevents the card feed from 
running until after the paper is 
positioned. 

R21B, when closed and operating 
in conjunction with the normally 
opened contact of R31AL, controls 
the energization of the sheet over
flow relay R46 pickup coil and 
thereby controls the circuits to 
cause two line spaces following 
the sheet overflow ejection. 

R22 two-ejection relay is normally 
energized under control of an im
pulse which is emitted from the 
UEJ control panel hub. 

Billing applications often use 
the multi-heading, high-speed in
voice setup, which requires that a 
form be equally divided into three 
sections: heading, body, and from 
the last body line to the first head
ing line. An invoice 8V2 inches 
long set up in this way would re
quire that arm 3 be set to 2s/fc 
inches. When an ejection or res
toration occurs without a change 
from detail (NX) card to head 
(X) card as determined by the 
upper brushes, an impulse is re
ceived from the UEJ control panel 
hub at the end of ejection. 

In this case, with UEJ wired to 
the 2-eject hub, the carriage is 
caused to eject twice, thereby ad
vancing the paper from the last 
listed line of one form to the first 
body line of the succeeding form. 

R22AU is used to maintain the hold
ing circuit for R22 hold coil and 
maintains this circuit under the 
control of R31AL and R44BL. 

R22BU contact closes to energize 
the pickup coil of R42PL and 
R17PU, in order to control the 
circuits necessary to cause two 
ejections under control of the UEJ 
hub, as used with short sheet ap
plications. 

R22BL N/C contact opens to pre
vent restarting the card feed- un
til the two ejections initiated by 
R22BU have been completed. The 
contact, therefore, prevents listing 
during the two-eject operation by 
interlocking the card feed. 

R23 auto total interlock is energized 
under the control of the timed im
pulse through CB31. This relay in
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terlocks the circuits through CB21 
so that on successive ejection and 
a before-total operation, the total 
will be held up until after the 
paper has been positioned. 

R23A is the hold point for the hold 
coil of R23; it maintains this hold
ing circuit under control of CB32. 

R23B N/O contact point closes to 
complete the circuit through CB21 
whenever the pickup coil of R23 
has been properly energized by 
CB31 and 32. 

R24 long sheet control relay is picked 
by the long sheet contact when the 
machine is set for long sheet oper
ation. Primarily, it is used to inter
lock the carriage motor circuits. 

R24AU N/C points control the re
sistance for the field when arm 3 
is set for short speed operation. 
The N/O points control the resist
ance for the field when the long 
sheet contact is closed and R24 is 
energized. 

R24AL completes the circuit to the 
motor when the long sheet contact 
is held closed by the interlock disc. 

R24BL N/C contact opens whenever 
the carriage sector is set to eject 
long sheets. The opening of this 
point places the automatic total 
interlock relay pickup coil R23, 
and the auto start pickup coil R11, 
directly under the control of the 
eject before-total point R40B, or 
the eject after-total contact points 
R42B, thereby suppressing the 
card feed or total print operations 
until ejection has been completed. 

R25PU coil is connected to the BT 
control panel hub (before total) 
and will accept any kind of im
pulse. It is energized to cause an 
ejection without interfering with 
the normal controls. This relay is 
used in applications where it is 
desired to eject before totals after 
one ejection has been completed; 
therefore, R25PU controls its 
R25B contact points to shunt 
R32BL. 

R25PL heading card eject coil is 
connected to the heading card 
eject control panel hub (HC). 
This control panel hub may then 
be wired to the shunt row of the 
group control (unequal impulses). 
This method of wiring provides an 
independent class of control which 
does not necessarily have to be 
associated with the normal class of 
sheet ejection. 
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The pickup coil of this relay is 
energized whenever an eject class 
of control change occurs during 
cycles in which heading cards are 
passing the lower brushes. The 
energization of this relay estab
lishes the circuits necessary for 
automatic ejection whenever a dis
agreement between heading cards 
occurs. 

R25A, when closed, establishes the 
holding circuit for the heading 
card eject holding coil R25, under 
the control of CB29 and 30. 

R25B N/O contact point controls 
the energization of the eject be
fore-total relay R40PU, in order 
to establish the circuit necessary 
for automatic sheet ejection. 

If a heading card of one con
trol group is passing the lower 
brushes and is followed at the 
upper brushes by a heading card 
of a different control number, an 
eject from this class of control 
change will occur. 

R26 heading control relay, when 
wired to the upper brushes, is 
used to establish the circuits nec
essary to control listing of the 
heading cards as well as inter
locking the card feed after the 
last heading card passes the lower 
brushes. 

R26AU N / O  contact provides pickup 
circuit for R27. 

R26AL N / O  is the hold point for the 
hold coil of R26 in conjunction 
with CB29 and 30. 

R26B N / O  contact shunts R29BL 
points in order to control the en
ergization of the auto start relay 
Rll as long as heading cards are 
feeding past the upper brushes. 

After the last heading card has 
passed through the upper brushes, 
the N/C points of R26B operate 
in conjunction with the normally 
opened points of R29BL and 
R29AL to control the energization 
of the minor GI relay pickup coil 
R56, to establish the circuits nec
essary for group indication control 
during the first card feed cycle fol
lowing the last heading card. At 
the same time it allows the head
ing control NX hub to emit an 
impulse to cause skipping if con
nected by wire to skip to 1. 

R27AU is the holding point for the 
hold coil of R27 in conjunction 
with CF15 and 16. 

R27AL N / O  contact point is con
nected to the head control exit X 

hub and operates in conjunction 
with CF28 and R19AL to com
plete a circuit to cause skipping 
before the first heading card en
ters the lower brushes. This is 
used in voucher-check printing ap
plications where the head control 
exit X hub is wired to the carriage 
skip to 1 or skip to 2, X or D hub. 

R27AL is also used in conjunction 
with R45BU and CB4S to cause 
the skipping circuit impulse to be 
emitted from the head control exit 
X at the beginning of an ejection. 
I n  c o n j u n c t i o n  w i t h  R 3 1 B L  N / O ,  
R27AL will cause the skipping 
circuit impulse to be emitted from 
the head control exit X at the end 
of an ejection. 

R27BU contact operates in conjunc
tion with the head control X-NX 
R19BU and controls an impulse 
to the UEJ (unchanged eject) hub, 
wherever R27BU operates inde
pendently of R19BU, thereby in
dicating that detail cards follow 
detail cards after an ejection (such 
as in sheet overflow condition), or 
that heading cards follow heading 
cards as in a three eject form 
where the heading cards are miss
ing. This is a signal that the form 
should be advanced over the space 
between forms and also over the 
succeeding heading section. 

R27BL transfer contact operates in 
conjunction with the head control 
X-NX R19BL point whenever the 
interlock successive ejection switch 
is set ON (open circuit), and con
trols interlocking the card feed 
whenever successive ejections are 
to occur as a result of either an 
overflow or the heading cards of 
one group being followed by the 
heading cards of another inde
pendent heading group. Whenever 
detail cards are followed by head
ing cards, the card feed is not in
terlocked by R27BL. 

R28AU is the hold point for the hold 
coil R28; it operates in conjunc
tion with CF15 and 16. 

R28AL N / C  contact opens to pre
vent the energization of the minor 
group indicate relay R56 when
ever a heading card is advanced 
toward the lower brushes. This 
contact remains open during the 
total cycle which precedes heading 
cards, thereby preventing the es
tablishment of the group indica
tion circuits until after the head
ing cards have passed the lower 
brushes. 
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R28BU closes to control energiza
tion of the print clutch relay R16, 
to control listing all the heading 
cards when the list switch 1 is in 
the non-list position. 

R28BL N/C contact opens to prevent 
the energization of the carriage 
skip relays by a wire to head con
trol exit NX whenever a heading 
card is in a position to enter the 
lower brushes. This contact insures 
that the heading will be listed in 
the heading portion of the invoice. 

R29AU is the hold point for the hold 
coil of R29 and is used in conjunc
tion with CB29 and 30. 

R29AL operates in conjunction with 
R29BL N/O and, when closed, con
trols the energization of the minor 
group indicate relay R56, when
ever the last heading card is pass
ing the lower brushes. 

R29BU N/O contact closes to con
trol the energization of the head
ing card eject relay R25 pickup 
coil whenever a change in eject 
class of control occurs during 
cycles in which heading cards are 
passing the lower brushes. This 
may be an unequal condition be
tween heading cards or the last 
heading card and the first detail 
card. 

R29BL N/O point is connected to 
the head control exit NX which, in 
turn, may be wired to the carriage 
skip to ID hub of the carriage 
skip relay R34. 

The energization of R34, when 
controlled through R29BL N/O, 
suppresses the card feed cycles and 
causes automatic skipping into the 
body of the bill. Head control exit 
may also be wired to the carriage 
skip to 2D hub if desired. The 
normally closed points operate in 
conjunction with R26B and com
plete a circuit from CB31 to the 
auto start Rll pickup coil during 
all card feed cycles in which head
ing cards are not passing the lower 
brushes. 

R30 head control suppression is en
ergized with an impulse read from 
the lower brush in the same col
umn used to pick up R26PU, 
which is wired to the head control 
upper hub. 

R30A closes to provide a hold circuit 
for R30 through CB29 and 30. 

R30B is used to prevent normal 
group control whenever a heading 
card passing the lower brushes is 

followed by a detail card with a 
sub-control number which is not 
punched in the heading card. It 
prevents a total cycle from taking 
place when heading cards of one 
group are followed by detail cards 
of the same group with an addi
tional control number punched in 
them, such as head card 123 fol
lowed by detail card 123-01. This 
feature can also be used in ap
plications not involving heading 
cards. 

R31 contact points control the cir
cuits necessary for automatically 
restarting the accounting machine 
following ejection, by allowing the 
interlock circuits to return to their 
normal position. It is also used in 
conjunction with the heading con
trol exits NX card and X control 
panel hubs to cause skipping fol
lowing ejection. It also controls the 
circuits necessary to cause skip
ping after ejection. 

R31AU N/O contact operates in con
junction with the head control 
relay point R28BL and closes at 
the end of the ejection cycle. If 
head control exit NX is wired to 
skip either to 1 or skip to 2D con
trol panel hubs, the circuit will 
cause skipping when detail cards 
are followed by more detail cards 
of the same group. It will also 
cause skipping if a group of detail 
cards is followed by detail cards of 
another control number, by which 
the absence of heading cards for 
the second group of detail cards 
would be recognized. 

R31AL N/C transfer contact oper
ates in conjunction with R44BL 
in order to de-energize the two-
ejection control relay R22 hold 
coil. When the UEJ eject exit is 
wired to eject 2, successive ejec
tions will start. R44BL will hold 
R22 energized at the end of the 
first ejection, and at the end of the 
second ejection both R31AL N/C 
S-?4®* ^ °Pen, allowing 
R22 hold to drop. 

The N/o side of this transfer 
contact operates in conjunction 
S'oir. • SheCt overflow control 
K21B point in order to control the 
energization of the pickup coil of 
the sheet overflow relay R46. 
Whenever a sheet overflow occurs 
and the skip restore and eject 
space switch 21 (rear) is set to 
EJECT-SPACE, R46 will be picked 
up to give two line spaces. 



R E F E R E N C E  M A N  U A  L  
T Y P E  9 2 1  2 5  

R31BU N/C contact opens in con
junction with R31BL and controls 
the time that R43P and R44P 
may be energized whenever ejec
tion is completed. 

R31BL N/C point is used as a hold 
point for the after-total relay R42 
and R43 and the eject before-total 
relays R40 and R41. These cir
cuits are de-energized under con
trol of R31 contact point when
ever the eject auto start contact 5 
of the carriage closes to energize 
B31 coil. 

R31BL N/O points, in conjunction 
with R27AL head control NX-X 
relay, will cause an impulse from 
the head control exit X. This con
trol panel hub is normally wired 
to a skip 1 or skip 2 relay, and 
this will cause skipping before 
heading cards may be listed. 

R32 energizes the control circuits re
quired to cause an ejection on an 
overflow, when it is wired from 
the UEJ hub, as in the case of a 
two-part statement and remittance 
stub form. 

R32AU closes to complete the hold
ing circuit for the R32 holding 
coil, and maintains this circuit 
through CF15 and 16. 

R32AL N/O contact closes in con
junction with R31AL N/o to com
plete a circuit to the UEJ control 
panel hub upon completion of an 
eject cycle. It prevents an impulse 
to the UEJ hub when R20 and 
R21 alone are picked up to ener
gize R46 on an overflow operation. 

R32BL prevents the before-total 
eject hub from accepting an im
pulse following one ejection oper
ation, until after the next card 
feed cycle has allowed R32H to 
become de-energized. 

R33AU N/O points close after every 
sheet ejection to control the cir
cuit from CF10 and CFU to the 
carriage exit EJ hub in order to 
control certain carriage group in
dication applications. It may be 
used to impulse the counter plus 
or minus relays for one cycle fol
lowing an ejection. The N/C points 
control the de-energizing time of 
the R45 holding coil. 

R33AL contact closes after every 
ejection, and controls the ener
gization of the eject after-total 
relay R44 whenever a second ejec
tion is required; in turn, it is con

trolled by the eject after-total re
lay R42AL point. 

R33BU operates in conjunction with 
the single sheet stop switch 20 and 
the eject after-total relay points 
R42AU. With the single sheet 
switch turned on, it prevents auto
matically restarting the card feed 
after any feed ejection. 

R33BL N/C contact opens to de-
energize the sheet overflow control 
relay R20 holding coil and R21 
whenever sheet ejection is com
pleted following an overflow. 

Whenever the skip-restore switch 
21 (front) is set to skip-restore, 
R33BL controls the de-energiza
tion of the sheet overflow relay 
holding coil of R46. 

R34PU coil of this relay will control 
the circuits to cause skipping, 
similar to that caused by R34PL. 
However, this coil will accept only 
11 and 12 impulses, usually from 
the card, to initiate skipping. 

R34PL coil of this relay is used to 
control the circuits necessary to 
cause skipping until the automatic 
carriage arm 1 passes 0 on the 
scale. It also controls the circuits 
necessary to suppress the card feed 
cycle operations on total cycle of 
operations until such time as all 
skipping has been completed. 

The carriage skip D pickup con
trol panel hub, when wired to the 
head control exit NX control panel 
hub, energizes R34PL to cause 
skipping from the last listed head
ing card to the first line reserved 
for the first detail card in the bodv 
of a bill. 

On an ejection from the body 
of one bill to the heading portion 
of the succeeding bill, if heading 
cards are missing or if there are 
more detail cards following, an 
impulse is emitted from the head 
control exit NX hub to energize 
carriage skip 1 relay R34PL. This 
is necessary to skip over the head 
portion of the bill to the first body 
line so that the detail card will be 
listed in the body of the bill. 

R34A closes to complete the holding 
circuit for the carriage skip relay 

34 holding coil; it also controls 
the pickup of R3S. These two re
lays will remain up until arm 1 
crosses 0 on the scale and opens 
the skip stop contact 3. 

R34B contact point opens the total 
control circuit from L9 through 
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CB21 to prevent a total from 
being printed whenever the car
riage is ready for a skipping oper
ation. 

R35AL N/C contact opens to prevent 
the energization of the auto start 
relay Rll pickup, or the auto 
total interlock relay R23 pickup 
coil, whenever the carriage skip 
circuits have been set up to cause 
automatic skipping through the 
energization of the line space mag
nets. With R35AL points open, the 
card feed clutch and the print 
clutch will not operate. 

R35BL N/C point of this transfer 
contact is used to control the hold
ing circuit for the carriage first 
card in R8. This contact opens to 
de-energize R8, so that after skip
ping, the upstroke space control
ling cam PM11 will not be effec
tive during the first list cycle fol
lowing the skipping operation. 
This causes the first item after 
skipping to be listed on the line 
for which the arm was set. 

The N/O point of R35BL com
pletes the circuit to the line space 
magnet through interlock contact 
6 and R46AL in order to cause 
skipping until arm 1 is brought to 
coincide with 0. 

R36. This carriage skip relay R36 
normally may be wired to the 
minor, intermediate or major be
fore-total hub in order to control 
skipping to a predetermined total 
line. It also may be impulsed by 
a digit or an X. 

R36A closes to complete the holding 
circuit for the carriage skip to 2 
relay coil R36 and also completes 
the circuit for R37. This circuit is 
maintained under the control of 
sheet stop contact 1 which is oper
ated by arm 2. 

R36B N/C point opens to prevent 
the energization of the auto start 
relay Rll, pickup coil, and the 
auto total interlock relay R23 
pickup coil, in order to prevent 
either the card feed clutch or print 
clutch from operating during a 
skipping operation. 

R37AL N/C contact opens the circuit 
from L9 through CB21 to the 
print clutch magnets and the total 
switch plate magnets, in order to 
suppress the total printing opera
tions whenever the line space 
magnet is energized under the con-
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trol of the carriage skip to 2, 
R37BL N/O contact point. Car
riage skip contact R37AL is used 
in operations such as a predeter
mined total control. 

R37BU closes to control the energi
zation of the skip overflow inter
lock relay R39PL whenever skip
ping is controlled by the carriage 
skip R36 and R37. 

R37BL N/O side of this contact 
closes to control the energization 
of the line space magnet in order 
to control skipping to a predeter
mined point under the control of 
the sheet stop contact 1 and arm 2. 

The N/C point of this transfer 
contact is used to control the car
riage circuit for the first card in 
relay R8. This contact opens to 
de-energize R8 so that after skip
ping, if listing is to continue, the 
next listed item will be listed on 
the same line for which the car
riage arm 2 is set. 

R38 skip overflow interlock pickup 
coil becomes energized whenever 
the carriage skip to 1 or skip to 2 
relays (R35BL or R37BL points) 
operate in order to control skip
ping. 

R38AU N/O point closes to complete 
the circuits required in order to 
control listing the first card follow
ing a skipping operation; it paral
lels R56BL or R28BU whenever 
list switch 1 is set to NON-LIST 
(TAB). This contact becomes ef
fective whenever the skip to R34 
or skip to 2 R36 have been ener
gized. 

R38AL closes for a hold circuit for 
the skip overflow R38 and main
tains this circuit under control of 
CF15 and 16. 

R38B N/C point opens to prevent the 
energization of the sheet overflow 
control R20 pickup coils whenever 
the carriage eject contact 2 or skip 
auto start contact 4 are closed 
when arm 1 or 2 crosses 0 on the 
scale through a skipping opera
tion. It is assumed that if skipping 
is the means of advancing arm 1 
or 2 to 0, ejection will occur under 
the control of a class of ejection 
control change and not from an 
eject exit hub. 

R39PU coil is energized whenever 
the eject contact 2 closes at the 
time that arm 2 crosses 0 on the 
scale and, through its R39B con
tact point, prevents the setting up 
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of the skip to arm 2 skipping cir
cuit. The energization of R39PU, 
therefore, prevents the predeter
mined total circuits from being 
established after the eject contact 
2 has been closed. 

R39 skip overflow interlock PL coil 
is energized whenever the carriage 
skip relay R37BU contacts close 
for skipping to arm 2. 

R39A closes to establish the holding 
circuit for the skip overflow inter
lock relay R39. The holding cir
cuit is maintained under control 
of the carriage interlock contact 
6 which opens during an ejection. 

R39B N/C opens to prevent ener
gization of the skip to arm 2 
relay R36PL if arm 2 has already 
reached 0 and closed eject con
tact 2. 

R40PU eject before total coil is en
ergized to control the circuits re
quired for causing sheet ejection 
before printing the eject class of 
total. When used in conjunction 
with the heading card eject relay 
R25B, this relay is energized to 
control sheet ejection upon com
pletion of a card feed cycle in 
which heading cards are followed 
by detail cards of a different con
trol number. 

R40PL eject before total coil is en
ergized under the control of the 
carriage sector contact to control 
the energization of the sheet eject 
magnet through the associate R41 
relay contact point R41AL. This 
circuit is effective only when a 
sheet overflow occurs and the skip-
restore and eject-space switch 21 
rear is set to SKIP-RESTORE. 

R40A closes to complete the holding 
circuit for R40 through R31BL 
N/C until the end of an ejection, 
at which time eject auto contact 
5 closes and picks up R31-32. 

R40B N/C point opens to prevent 
energization of the auto start relay 
Rll, or the pickup coil of R23 
auto total interlock relay, in order 
to interlock both the card feed 
clutch and the print clutch until 
the before-total ejection is com
pleted. This point may be shunted 
by the successive ejection switch 
in the off position on short sheet 
operation. There will not be a 
shunt circuit when arm 3 is set for 
a length greater than 3% inches 
and R24B points are open. 
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R41AU N/O contact closes to control 
the energization of the sheet eject 
magnet through CB33, during the 
same cycle in which the eject 
before-total relay pickup coil of 
R40 is energized. This contact 
controls sheet ejection before 
printing any class of total, and 
also causes sheet ejection when
ever the eject before-total relay 
R40PU is energized under control 
of the heading card eject relay 
contact point R25B. 

R41AL, operating in conjunction with 
the sheet overflow relay contact 
R46BL N/O and the sector con
tact, closes to control the energiza
tion of the sheet ejection magnet 
through CB33, whenever an over
flow occurs and the skip-restore 
and eject-space switch 21 rear is 
set to SKIP-RESTORE. R41AL closes 
whenever the carriage sector con
tact closes after the carriage sector 
has reached the limit of its travel. 

R41BU is used to complete the skip 
circuit to the line space magnet 
through R46AL N/O whenever an 
overflow condition and a control 
change occur in the same cycle in 
which the eject before-total relays 
R40 and R41 coils are energized. 
R41BU is used principally in con
junction with the skip-restore and 
eject-space switch 21 set to SKIP-
RESTORE. 

R41BL operates in conjunction with 
the ON position of the inter
lock successive ejection switch 22 
(rear) and opens to interlock the 
print clutch circuit under control 
of the auto total interlock relay 
R23 pickup coil whenever short 
sheet ejections before and after a 
specific class of total are required. 
If it is desired to eject before and 
after a minor class of total, the 
sheet ejection before total would 
occur first and would be completed 
before the minor total printing 
cycle started. The ejection after 
the total would be normal. 

This interlocking before-and -
after totals is necessary because 
the before-and-after total ejection 
relays would otherwise be ener
gized at the same time. At the end 
of the first ejection, when the eject 
auto start contact 5 closes, both 
the before-and-after total hold re
lays would be dropped; therefore, 
R23B delays the total cycle until 
after the before-total ejection is 
completed. Then, when PM2 N/O 
points close, the after total ejec-
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tion relays may be energized and 
cause the ejection following the 
total. Successive ejection switch 
22 is set to the ON position. 

R65AL and R70BL shunt R42B 
in order to allow the auto total 
interlock relay R23 to pick up 
during the minor or intermediate 
total print cycles, respectively. 

R42PU eject after total -#2 is nor
mally impulsed from the Class of 
Total hubs, through the AT eject 
hub of the control panel. Its point, 
in conjunction with those of R43, 
serve to initiate the eject after-
total circuits. 

R42PL eject after total #2 may be 
impulsed on either a card feed or 
a total cycle and, in conjunction 
with R43, will cause an eject oper
ation at the end of the cycle. It is 
connected to the D eject hub of 
the control panel and, therefore, 
may be energized at any time dur
ing the cycle. 

R42AU N/C point is used in the hold 
circuit of the start interlock relay 
R12. When the single sheet stop 
switch is set to its ON position 
and an after-total eject operation 
takes place, R42AU points open 
to de-energize R12, thus suppress
ing an automatic start of the card 
feed mechanism. 

R42AL serves as a hold point for 
the R42 hold coil. It also holds 
R43 coil energized in conjunction 
with R43AU. 

R42BL N/C points provide an inter
lock to suppress the energization 
of the auto start relay Rll and 
the auto total interlock relay R23 
during an after-total ejection op
eration. 

R43 eject after total coil is in paral
lel with the R42 holding coil 
and energizes through R17B N/O 
points. On points where R43 has 
no R43AU holding points, R43 
will pick up a second time through 
R17B N/C, as the R17 hold is 
under the control of CB29 and 30 
which will open at 270°. In either 
case this circuit will remain ener
gized until it is interrupted by the 
opening of the eject interlock and 
auto start contact R31BL N/C. 

R43AU provides a hold point for 
the hold coil of R43, thus eliminat
ing a close timing in the single 
item ejection application, R43AU 
points also provide a pick circuit 
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to the hold coil of R42 after the 
first single item ejection cycle. 

R43AL eliminates a possible second 
ejection after a total (controlled 
form to form) ejection, when the 
single sheet stop is turned ON. 
This N/O point is in parallel with 
R70AU N/O point. This permits 
the continuously running shaft to 
operate (idling control machines) 
during after total sheet ejections. 

R43BU N/O contact closes to con
trol sheet ejection under control 
of CB33. The closing of this con
tact will not become effective until 
after the minor and intermediate 
contacts R64BL and R69BU have 
closed upon completion of the 
minor and intermediate total 
printing cycles. 

R43BL is connected in series with 
the carriage eject exit 2 hub, and 
the sheet overflow control relay 
R20PU, opens to prevent a circuit 
from being completed through 
R20PU after the eject after-total 
relay R42 has been energized. 
These conditions would occur if 
the minor class of total were con
nected to the eject AT hub. Assum
ing that an intermediate control 
change occurred, there would be 
a possibility of energizing R20PU 
if a sheet overflow occurred during 
the downstroke space of the minor 
total cycle or the upstroke space 
of the intermediate total cycle. 

R44 eject after total #1 pickup coil is 
energized under control of R33AL 
and R42AL and is used in the cir
cuits necessary to cause double 
ejection. The pickup coil is ener
gized only after one ejection has 
been completed under control from 
an overflow source, and the second 
ejection is initiated by energizing 
R42PL through R22BU. 

R44AU is the holding point for the 
hold coil of R44 and is controlled 
by CF15 and 16, which will not 
open until 225° of the card feed 
cycle following ejection. 

R44AL opens to prevent R46 hold 
coil from being energized when
ever a double ejection initiated by 
the UEJ hub occurs. If an over
flow condition has been sensed by 
other wiring in the panel at the 
same time the UEJ emitted an 
impulse, the ejection will not be 
followed by two line spaces. 

R44BU opens to prevent a second 
impulse from being emitted from 
the UEJ hub until after the card 
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feed has restarted and CF15 and 
16 open to cause R44 holding coil 
to be de-energized. 

R44BL opens at the beginning of the 
second ejection cycle in order to 
permit the two-ejection control re
lay R22 holding coil to be under 
the control of the normally closed 
points of R31AL, which opens 
upon the completion of the eject 
cycle. 

R45 eject-space interlock pickup coil 
is energized whenever the sheet 
eject magnets are energized, and 
it is under control of CF30. 

R45AU is used to maintain a holding 
circuit for the carriage skip relays 
R36 and R37 whenever these re
lays are energized to cause skip
ping after ejection. On an ejection, 
arm 2 passing 0 on the scale would 
open sheet stop contact 1 and 
drop R36 and 37 hold. This is not 
necessary with skip stop contact 3, 
as on an ejection the line space 
cam holds the skip stop contact in 
the latched position when arm 1 
passes 0. 

R45AL closes to maintain a holding 
circuit for the eject line space 
interlock relay holding coil R45 
and maintains this holding circuit 
until interrupted by R33AU N/C 
points, which open at the end of 
the sheet eject cycle. 

R45BU operates in conjunction with 
CB45 and R27AL in order to con
trol skipping after ejection so that 
heading cards may be listed in 
the heading section of a voucher 
check application. 

R45BL opens to suppress all line 
spacing or skipping operations as 
soon as R4S is picked up by CF30. 
This will take place even before 
interlock contact 6 opens. 

R46 sheet overflow coil is energized 
to control the circuits required to 
cause line spacing for either the 
skip-restore or eject-space sheet 
overflow spacing control. 

R46AU is used to maintain a holding 
circuit for the sheet overflow relay 
holding coil R46. 

R46AL N/O side of this transfer con
tact closes in order to cause skip
ping whenever an overflow occurs. 

Whenever the eject-space and 
skip-restore switch 21 is set to the 
SKIP-RESTORE position, R46AL N/O 
controls skipping to the first print
ing line of the succeeding form be
fore the carriage sector is restored. 

Whenever switch 21 is set to 
EJECT-SPACE, R46AL controls skip
ping for two line spaces beyond 
the point reached after overflow 
ejection. The normally closed con
tact points of R46AL open the 
circuit from the line space magnet 
to the carriage skip relay contacts 
R35BL and R37BL. 

R46BU is in the pickup circuit for 
Rll to prevent the card feed from 
operating until after spacing is 
completed. 

R46BL N/C points of this contact 
operate in conjunction with the 
sector contact to control the ener
gization of the sector overflow 
control relay R47PL. This con
trols the energization of R47PL 
when the sector contact closes 
through normal line spacing. 

The energization of R47PL 
closes its R47B points to cause 
upstroke spacing following the 
restoration of the carriage sector, 
thereby eliminating overprinting 
of listed items at the point where 
a "sector overflow" occurred. 

R46BL N/O points, in conjunction 
with the sector contact and R41AL, 
complete a circuit to energize the 
sheet eject magnet in an overflow 
operation when switch 21 (rear) is 
set to SKIP-RESTORE. 

R47A is used to maintain a holding 
circuit through CF27. 

R47B is used to control upstroke 
spacing during the first listing 
cycle following restoration of the 
carriage sector whenever the car
riage sector contact closes during 
line spacing operations and there
by eliminates overprinting of listed 
items at the point where a sector 
overflow occurs. 

R48 minor group indicate is ener
gized with R56. The purpose for 
R48 is to prevent summary punch
ing an indication when a control 
change takes place and the first 
card of the new group is a head
ing card. If, following the total, 
heading cards are present, R28AL 
will be open to prevent R56 from 
picking up. This would leave 
R56BU closed and allow a sum
mary punching of indication. Since 
R48 does not pick up, it prevents 
this. On the first detail card R48 
and R56 are picked up, but R56 
holds only through one card feed 
cycle following a control change. 
R48 remains up, keeps R48B 
closed, and allows group indication 
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summary punching from body or 
detail cards. 

R48A closes to establish a holding 
circuit for the minor group indi
cate relay R48 and to maintain 
this holding circuit through TSD1 
contact. R48 is de-energized at the 
start of the minor total cycle pre
ceding heading cards. 

R48B N/O contact closes to complete 
the circuits required for group 
indication control through the in
terlock contact 18, when used in 
conjunction with the duplicating 
type of summary punch. R48B 
operates in conjunction with 
R56BU and prevents the group 
indication circuit from being com
pleted until after the first detail 
card following heading cards has 
passed the lower brushes. 

R343 form stop provides a control 
in the start interlock R12 hold cir
cuit to stop the machine when the 
report form supply is depleted. 
This condition is indicated by the 
closing of the form stop contact 
which will cause R343 to energize 
immediately or following the next 
ejection. It operates in the form 
stop circuit along with R344, 
R345, R346, the form stop switches 
#1 and #2, and the form stop 
contact. 

R343AU N/O point, in conjunction 
with R12BL, causes R344 line 
space interlock relay to be ener
gized immediately following the 
de-energization of R12 by the 
opening of the R343B point. 

R343AL N/O serves to establish a 
holding circuit for R343, form stop 
relay, and to maintain this holding 
circuit until the form stop contact 
is opened by the insertion of an
other report form. 

R343BL N/C contact point serves to 
open the holding circuit of the 
start interlock relay, R12. This 
condition indicates that the last 
report form is passing through the 
carriage and the machine must 
stop to permit the report form 
supply to be replenished. The start 
key must be depressed to start the 
machine again. 

R344 line space interlock serves to 
interlock the line space magnet 
circuit should any of the skipping 
controls (carriage skip #1, car
riage skip #2 or sheet overflow) 
be initiated on the same cycle in 
which the depletion of the report 
form supply is recognized. 

R344AL N/O, in conjunction with 
R12BL, holds R344 hold coil en
ergized. This circuit will be main
tained until the forms are replen
ished and the start key is again 
depressed, thus opening R12BL. 

R344BL N/C point opens to inter
lock the line space magnet circuit 
in case one of the skipping circuits 
should be effective simultaneously 
with the form stop circuits. 

R345 eject interlock is energized 
each time an ejection or restora
tion operation occurs through the 
ejection circuits and CF30. With 
form stop switch #1 OFF and form 
stop switch #2 set to the eject 
position, this relay serves to inter
lock the form stop circuit and 
delay the energization of R343. 
As the last report form advances 
and permits the form stop contact 
to close, R343 cannot be picked 
until R345 is energized during the 
next ejection or restoration cycle. 
Therefore, the last form may be 
completed before the machine is 
stopped. 

R345AL N/O completes a circuit to 
R345 hold coil in conjunction 
with the R31BL N/C point and 
will be maintained until the end 
of the ejection or restoration cycle 
when R31 is picked. 

R345BL N/O serves to complete the 
circuit to R343 form stop relay 
at eject time when it is desirable 
to complete the last report form 
printing before the machine is 
stopped. This point is effective 
only when form stop switch #2 is 
set to the eject position. With this 
switch set to the immediate stop 
position R343 may be picked or 
energized as soon as the form stop 
contact closes, thus stopping the 
machine immediately. 

R346 list-total interlock is ener
gized only during listing and total 
printing cycles. This is controlled 
by print clutch relay, R16A point 
and the normal print clutch cir
cuits for listing and total printing 
cycles. It provides an interlock in 
the R343PU circuit when form 
stop switch #2 is set to the im
mediate stop position. This is nec
essary to prevent R343 from pick
ing as soon as the main line switch 
is turned ON or while the machine 
is idling. 

R346BL N/O point permits R343 to 
be energized through form stop 
switch #2 only during active list 
or total print cycles. 
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