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LIST OF POTENTIAL PROJECTS

b.,p"f 1. Production leveling — Optimum Inventory Program.

v'2. Balanced procurement (mathematical representation of parts lists schedules
and materials requirements).

v3. Integrated plan for determination of order quantily ,buffer stocks and
delivery dates, B d (ra (mrisie gragrins)

L. Ordering plan designed to operate on actual needs rather than forecasted
needs

Ao 5. Make or buy.
v6. Projection of usage for accuracy.
V7. Reamrite cost of carrying imventory.
v8. Re-write cost of processing mha#_nz:ém.,
v9. Automatic dispaicher,
Aom " et 10. Use of analog computer for load determination analysis( faabd-r-‘t“ﬂ)
. Use of risk-—gain curve for determination of accepting inventory inmvesiments,

Write up reasons for and methods for obtaining Cost Reductions for Inventory
Reduction,

Set-up computer program for ABC analysis.

Computer determination of labor imput load projections (also material imput
material load),

Determination of effective measures of production control efficiency.
Set=up standard raw material code.,ewsi- da7 no . /75--
17, Conditions for and against lap phasing. - A« Lo Tlwmnn 1soiie -
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SUGCESTED “HOW-TO-DO-IT” REPORTS

Economical Order Quantity
Bin Reserve

Fiscal Dating

ABC
Cost of O = | P e
“O8L of Carrying Inventory

Calculating Theoretical Turnover

Manufacturing Cycle Efficiency

Measurements for Materials Managers

Paperwork Processing

Receiving Routines

Raw Material Stockrooms

Planning a Punched Card Study

How to Make Physical Inventory Pay for Itself

Effective Filing - Terminal Digit

Cycle Reduction Program

Inventory Control Program

B. GGeAL
VoSor
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Keep Your Inventory Carrying Costs Down

p» What does your inventory cost you?

By R. C. Hartigan
and B. Grad

Turbine Department
General Electric Company

how.
HAT DOES your inventory cost yvou? How
much can you reduce vour overhead and in-
crease your profits by controlling your inventory
level ?

To make the most effective business decisions it
is vital that you know the cost of carrving inven-
tory for your plant. The following method for de-
termining this cost introduces a somewhat different
approach and should encourage you to investigate
its application in your own plant.

The cost of carrying inventory will generally
consist of four basic factors:

I. Possession Costs
Il. Value Losses
IL. Return On Investment
IV. General Business Influences

In determining inventory carrying costs you
should consider only those costs which are charge-
able to inventory, those which vary with a change
in inventory level independent of a change in out-
put, In evaluating the effect of each factor this
question must be answered; “What can be done
with the facilities and funds made available by
reducing inventory?”

The nature of the product and the overall eco-
nomic conditions will affect the evaluation of the
four key factors. You will, of course, be account-
ing for the nature of your product when you evalu-
ate these factors in terms of vour own business.
In the following analysis you will find that each
factor has been considered in the light of three
common economic conditions:

1. Conditions poor—market poor—expansion not

desirable,

2. Conditions good—market good—expansion re-

stricted by lack of floor space.

3. Conditions very good—market very good—ex-

pansion vital to maintain position in the field.

For simplification, it can be assumed that under
conditions 2 and 3 there is a productive use for
money freed by reducing inventory and that it
will earn the present return on investment.

Factors Which Determine Cost of Carrying
Inventory

I. Possession Costs—Those costs chargeable to
inventory which are normally considered part of
overhead,

How can you cut your overhead and increase profits by inventory
control? To make the most effective business decision, it is vital
that you know the cost of carrying inventory for your plant. Here is

Space

Economic condition 1—Productive space made
available by reducing inventory would not be
utilized because no market is available for in-
creased output. Cost of space chargeable to inven-
tory is zero because an inventory reduction does
not affect the cost of space. If consolidation into
fewer buildings is possible, the cost chargeable to
inventory will be interest on the resale value of
buildings vacated.

Condition 2—Space made available by reducing
inventory would be utilized for increased output.
Since inventory ties up this space, the cost charge-
able to it is the cost of equivalent floor space equal
to the area occupied.

F = Cost per year of present floor space in
$/sq.ft./yr.
A = Area occupied by inventory in sq. ft.
I = Value of inventory
FA
% Cost = —— X 1009
I

Condition 3—Ixpansion will take place, thru new
construction if necessary. Reduction of inventory
will avoid construction of new space or reduce the
amount required. In effect, the cost of space was
reduced by reducing inventory. The cost charge-
able to inventory is the cost of additional space
equal to the area occupied. Cost of utilities is in-
cluded here because heating and lighting of new
space is also avoided.

= Cost of utilities in $/sq.ft./yr.
(F+1U)A
9% Cost = * 1009,
I

Equipment—Cranes, vehicles, bins and racks.
Condition 1—Inventory reduction would permit the
sale of part of this equipment because less equip-
ment is required to handle less inventory. Money
obtained from this sale would not be reinvested be-
cause the market will not support it. Cost is there-
fore the interest which could be earned on the re-
sale value of the equipment.

V = Resale value of equipment in §
R = Interest rate in % /yr.
[ = Value of inventory in $
VR
% Cost = ——
I

Condition 2—If floor space were available, addi-
tional equipment would be obtained to support ex-
pansion. Since we can avoid purchase of new
equipment by reducing inventory, the cost is the

equivalent of the yearly depreciation of existing
equipment.

Reprinted from April, 1954, MILL & FACTORY, 205 E. 42 St., New York 17, N. Y.




D = Cost of equipment in 3/yr. (Deprecia-

tion)
D
% Cost = —— X 1009
I

Condition 3—Additional equipment will be ob-
tained to support expansion. Cost is the equiva-
lent of yearly depreciation of existing equipment as
in Condition 2.

Handling

Conditions 1, 2 and 8—Under any conditions
handling labor is proportionate to the inventory
level. Cost chargeable to inventory is the sum of
all material handling labor expense. This includes
crane operators, crane followers, fork truck driv-
ers, stock room handlers and move men.

H = Total handling labor expense in $/yr.
I = Value of inventory handled
H
% Cost = —— ¥ 1009,
I

Insurance

Two types of insurance costs must be considered.
First, consider those costs based directly on floor
space, such as fire insurance on buildings:

Conditions 1 and 2—Cost chargeable to inventory
is zero because insurance would be paid on this
space whether it is oceupied by inventory or not.

Condition 8—Additional floor space would make
additional insurance necessary. Cost chargeable
to inventory is the cost of insurance on the area
occupied.

D =Cost of floor space insuranece in
$/8q.1t./yr.
A = Space occupied by inventory in sq.ft.
I = Value of inventory on the area
DA
% Cost=—— 1009,
1
The second type of insurance cost is that based
directly on inventory value, such as fire insurance
on inventory,
Conditions 1, 2 and 8—The cost is obviously the
cost of insurance,
D = Cost of insurance in $/yr.
I = Value of inventory insured

D
% Cost = —— X 1009,
I

Taxes

As with insurance the same two types of taxes
must be considered. For those based on floor space
such as real estate tax:

Conditions 1 and 2—Cost chargeable to inventory
is zero because taxes would be paid on this ares
whether occupied by inventory or not,

Condition 3—Additional floor space would in-
crease taxes. Cost is the tax expense on the area
occupied.

S = Tax expense in $/sq.ft./yr.

A = Space occupied by inventory in sq. ft.
I = Value of inventory on the area
SA
Cost = —— X 100%
I

%

—*

The second type of tax expense is that based op
inventory.
Conditions 1, 2 and 3—The cost chargeable to in-
ventory is the cost of taxes,
T = Tax expense in §/yr.
I = Value of inventory taxed

T
% Cost = —— X 1009
1
Cost Of Taking Physical Invent-
Conditions 1, 2 and 3—The cost depes: nly on
the inventory level and is not direct!y ted by
the economic conditions. Cost chargeal nven-
tory is the cost of taking inventory.
P = Cost of taking physical i iy in
$/yr.
I = Value of inventory
P
% Cost = —— X 1009,
|
Il. Value Losses
Decrease in value of inventory due t of the
following factors:
Obsolescence
Conditions 1, 2 and J—0Obsolescence is 1 hance
that a part will become unusable due t. neer-
ing changes and is not directly affect: eco-
nomic conditions. It is determined. by tw tors:
P = Percent chance that design of any will
change in one year.
I = Percent chance that parts will be Tected
by that change.
The factor “i” accounts for the possibi that
4 part may be used before the change is effective.
For an established product “i” will be relatively
low since most changes are of an improvement na-
ture and are incorporuted with s minimum of

obsolescence loss, For a product in the develop-
ment stage where engineering changes are in the
nature of design corrections “i" will be relatively
high because the desirability of using a part is
frequently overridden by the urgency of the change.
Obsolescence = | P = % Cost

Alternate Method of Evaluation—If records of
actual dollar losses due to obsolescence are avail-
able, the following is an easier and more accurate
method of evaluating costs chargeable to inven-
tory:

O = Obsolescence losses in $/yr.
= Value of inventory

% Cost = —_ x 1009

Natural Deterioralion. Loss and Damage
Conditions 1, 2 and 3—These value losses in-

S



clude repair and replacement costs of those parts

whi have been lost, damaged or made unusable
by h natural forces as moisture. They do not
depend on economie conditions. Although loss and
d: g re probably negligible in heavy industry,
St monly accepted practices as the sand-

bl f rough ecastings to remove rust are
epair operations made necessary by natu-
i oration.
V' = Repair and replacement costs in $/yr.
I = Value of inventory.
‘?
L= X 1009

Il. Return on Investment
rofit earned expressed as a percentage of
Ll estment,

COST OF
INVENTORY

on 1—Dollars freed would only be used to
roing interest rate since the market will
ort reinvestment and expansion. The cost
inl gain chargeable to inventory is the
which could be eanrned on the inventory

Interest rvate in % /yr.
st R
tions 2 and 3—The dollars freed by re-
nventory would be reinvested in the busi-
d earn the return. Cost of potential gain is
re the return on investment earned by the

I' = Return on investment in 9 /yr.,
‘ost =T

IV. General Business Influences
Cost Improvement—Reduction in costs due to
technological improvements. This is generally ac-
‘pled as a steady trend regardless of business
conditions at about 89.
This figure should be higher for a new business.

% Cost = 8¢9

MFLATOY =T

Value of the Dollar

Condition 1—This condition indicates a defla-
tionary trend. Inventory purchased this year would
cost less next year. Cost chargeable to inventory
is the yearly decrease in first cost.

ECONOMIC CONDITIONS

1 2 3

0 1.4 1.9

A 1.0 1.0

3.7 3.9

A A 2

& b 1.5

12 l? 1.2

20
V. General Businass Influences

Cost !n‘-p"'.\'f;.'ru.\."-' 3.0 3.0 3.0
Valua Of Dellar 3.0 0 .30
17,0 32.3 30.9

CARRYING COSTS In per cent per year of inventory
value,

Cn = First cost at beginning of the vear
Cs = First cost at end of the vear
Cn—Cs
% Cost = ——— % 1009
Ca

Condition 2—This condition indicates fairly
stable prices. Cost is therefore zero.

Condition 3—This condition indicates an infla-
tionary trend. Inventory purchased this vear would
cost more next year, Since this is actually a savings
the cost figure becomes minus and is the vearly in-
crease in first cost.

Co— G
% Cost = ————— % 1009
{:Il

Clerical and management costs are sometimes
considered a cost of carrying inventory. A re-
duction of these costs in some operating sections
will result from inventory reduction. However,
this inventory reduction is only obtained by in-
creasing clerical and management costs of the con-
trol functions such as inventory control, machine
loading, ete. There is probably no net change in
clerical and management costs as a result of re-
ducing inventory,

An accurately determined cost of carrving in-
ventory, revaluated periodically to account for
changing costs, can be applied to:

1. Accurately predicting changes in costs with
change of inventory level, Cost reductions may
be based on savings resulting from reduced
inventory,

2, Determining the desirability of carrying
stock inventory, By separately evaluating the
costs of carrying stock and non-stock inven-
tories those additional costs incurred by stock
can be determined,

Recommending disposition of surplus and ob-
golete inventory. The cost of continuing to
carry this inventory once it is on hand will
depend on the resale value because full value
cannot be realized.

What does yvour inventory cost yvou?

-

S



COST OF PROCESSING AN ORDER

In examining the costs related to the processing of an order, a
certain viewpoint must be established. It involves looking at the prob-
lem from the following standpoint -- which costs are directly assignable
to the number of orders placed or processed and which costs are depend-
ent upon the size or compiexity of the order. This means that certain
costs which are definitely part of the processing charges must be ignored,
since they are not controlled by the number of orders placed. Certain
examples of this include 100 percent inspection, foremen's duties, super-
visory responsibility and general overhead.,

Therefore, in this analysis we will consider only those charges
which are directly assignable to the existence of an individual order.
These charges can normally be broken down into four phases:

Origination of the order

Processing and/ or procuring the material
Storing and disbursing

Recording and paying

oW N =

As a further sub-division, it will frequently be advisable to break
down your orders into the following types:

Qutside vendor
Contributing division
Allied plant

. Internally machined
Combinations of the above

L6 B - VI SR

Where a problem of ordering both stock and non-stock material exists, you
may want to make a further breakdown into these two headings.

On the attached page are listed some of the factors which must be
considered in evaluating the cost of processing an order for a specific
department.

These are two ways of establishing these detailed costs. The first
which might come to your mind is to use some sort of a time study approach
whereby you actually examine how much time it takes, as an example, for
an order clerk to write one order card, multiply this by his hourly rate and
come up with the cost of writing one order. However, it has been found that
a second approach seems more realistic. This involves the accumulating of
output data from each of the various functions. These output figures, taken
over some period of time as, for instance, a month or a year, are then
divided into the total amount of money spent for that activity during this




same period. These data are readily available in most departments and
benefits are obtained just from the analysis alone. For instance, in Steam
Turbine it enabled them to specifically allocate every person's activities
to a particular function associated with the processing of an order,

The existence of these data should serve in the following ways, First,
as aiding in the decision of an economical order quantity to purchase or
manufacture. Second, as a guide to areas of potential cost reduction; and
third, as control figures to supervision to enable them to compare their own
standings to that of the department as a whole,

B. Grad
Production Control Section

9/8/53
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CHARGES ASSIGNABLE TO AN INDIVIDUAL ORDER

Outside Vendor

1. Originate
a, pull order cards
from P. L.

b. write order, mark PL
c. type 3x5 hecto master
d. duplicate paperwork
e. distribute paperwork

2. Process and Procure

a., place and expedite order
by Purchasing

b. maintain progress file

c. file stockroom P.W.

d. maintain Receiving File

e. expedite order by
Production

f. Receive

g. Inspect and Lab
Release

h. Deliver to stockroom

3. Store and Disburse
a. Place in location
b. 'Store
¢. Accumulate

4. Record and Pay
a. Authorize payment
b. Pay (Accounting)
c. File (Cost)

1,

2.

3.

Internally Machined

Originate
a. pull order cards
from P. L.
write order, mark PL
type 3x5 hecto master
duplicate paperwork
distribute paperwork

n A0 o

Process and Procure
a. attach blueprint
b. Plan
c. type or dupl. vouchers
d. maintain progress file
e. file stockroom P.W.
f. maintain Prod. Index File
g. Expedite order by Prod.
h. Deliver to factory
i, Dispatch
j. Move in factory
k. Follow Prod. in factory
1 [nspect
m. Deliver to stockroom

Store and Disburse
a. Place in location
b. Store
¢. Accumulation

Record and Pay
a. Pay (Payroll & Time-
keeping)
b. File (Cost)
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It is visualized that an electronic computer could perform many oi' the

URAFT (::)

/ DISPATCHING BY COMPUTER

operations currently assigned to factory dispatchers. 4 list of dispatchers!

duties might include:

l.

2.

10.
11,

12,

Maintenance of a file indicating the present location of each part in

the factory.

Maintenance of a file indicating the operations still to be performed

on any part.

Maintenance of a file indicating which parts are in operation.

When requested to do so by an operator to assign a job or jobs to that

operator which are in accordance with the station at which he works and

the operator's individual ability.

To direct the material movement in transferring parts from one location

to another,

To validate vouchers.

To forewarn foremen and production supervision of excessive loads at

any station or group of stations.

To process the paperwork necessary to correct the files when authorized
ﬁ/ffr's\tuu.

by an inspection report or an Auwbherisatien lotice.

To maintain a deadload of jobs coming into the factory so that future

loads might be predicted.

To obtain blue prints for the operators.c~ < AKated ?Q"”"W’—‘l shalss

To arrange for the preparation of continuation vouchers where needed.

nvieon g, 113 . statio
To advise production expeditors when requested as to current parts stecks.

In order to accomplish these functions, it would be necessary for the

computers to have combination input and output devices at various factory lo-

cations. This should provide for the operator to key in his pay number and

station (this could be automatic through an Addressograph type device) as well
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GENERAL @ ELECTRIC

SUBJECT COPIES:

Schere ctady, October 28, 1953

Managers-Finance

Gentlamen:

Enclosed for your review are several copies of a draft of a
proposed revised General Accounting Instruction on Cost Reductions,
This revision has been prepared by J. W. Thurlow of Cost

S er survey of the cost reduction practices in
consultation with a number of you and your
rpose has been to amplifly the Instruction in

to make a clearer distinction in others in an

ccounting Service
everal Departments
ost people. The pu
certain respects and
attemnt to reconcile the primary factor of supervisory incentive with
the supplemental objectives of interrity and consistency in the re-
ports. Since portions of the approach represent basic modifications,
we would greatly appreciate receiving your frank opinions and sugges-

tions.

O n >

We shall appreciate it if you would let us have your comnents

by November 28, 1953.

Very truly yours,

FM:ad

Enclosures

Keys 1,2 and 3

Group Executives

Division and Department
General Managers




GENERAL ACCOUNTING COST AND EXPENSE REDUCTIONS

INSTRUCTIONS

(For Use of G-E Employees only) TAB No. 301

I.

1L,

GENERAL

The purpose of this Instruction is to outline a standard basis for
measuring specifically the effectiveness of certain cost reduction efforts.

In order to facilitate the prompt measurement of actual accomplish-
ments against cost reduction objectives amd budgets, it is customary (1) to
compute cost reduction results in terms of budgeted rather than actual output
and (2) to report in the current period the estimated savings for a full year
rather than only for the remaining months of the current year, For these
reasons, the aggregate amount of the specific cost reductions reported in any
one year will not be fully reflected in operating results for that year.
Rather the profit and loss statement of a Department for the current period
will reflect the results of only a portion of the cost reductions reported in
the current year plus the results of reductions reported in prior years. a":l‘:“"
This discrepancy between the period in which cost reductions are reported and el
the periods in which they are included in operating results should not, however,
affect the basis of computation of cost reductions. The amount of each cost
reduction should represent the saving in cost or expense which will be re-
flected in the Company's income from sales (although not necessarily in the
current year) provided actual output is equivalent to budgeted output.

DEFINITION

Cost reductions may be defined as the lowering of the accepted
standards of cost of either a product or a specific element of cost not
directly related to a product. A cost reduction should result from a speci-
fic project, program or individual effort for the purpose of reducing costs
by means of simplification of design; improvement or elimination of a method or ca»..---l
procedure; conservation of materials and supplies, or substitution of less o thana’
costly materials, suprlies, or services; purchasing negotiations affecting
previously established sources, prices and terms of purchase; or any combin-
ation of these.

While it is recognized that cost reductions do occur as a result of
changes in investment, because of the relatively high proportion.of intang-
ible factors entering into the evaluation of such cost reductions, they
should not be included in cost reduction budgets. Likewise, the reporting
of such cost reductions should be confined to a memorandum basis.

*y

In the foregoing definition, the term cost includes not only direct
material and direct labor but also specific elements of indirect manufacturing
expense, product engineering costs and expenses, distribution expense and
administrative expense,




III, EVALUATION

Reported savings should represent only actual validated instances

of the decrease in or avoidance of expenditure., The following consider-
ations should be taken into account in evaluating savings for various
cost elements:

1.

30

Direct material

Reports of direct material savings should represent reductions in
usage or usage at less cost accomplished through the efforts of the
Department as a result of planning or design changes or negotiated
reductions in established prices. Savings reported from the substitu-
tion of a purchased item for an item manufactured in the reporting
Department or the reverse should ordinarily be evaluated by comparing
the vendor's delivered selling price with the normal shop cost of the

itﬁm. v glhgutA Ae myc
Market fluctuations, voluntary price cuts and corrections of el
errors on invoices should not be included as cost reductions. ca-zf‘“‘; ”
— fM-) aﬂ.l‘m .
Direct labor

Reports of direct labor savings should be confined to reductions
in the cost of direct labor resulting from changes in plammed labor
operations or reduced piecework prices as the result of product re-
design or replarning the job. Savings resulting from a change from
established daywork to incentive may be included as a cost reduction.

Spoilage and extra costs

Spoilage and extra costs savings should be considered cost reduc-
tions only when the project resulted in a change directed specifically
at reducing spoilage losses and extra costs, and only when the saving
can be definitely attributed to the change rather than a general im-
provement in efficiency. Elimination of rework due to defective tools
which are correctable through normal maintenance operations should not be
included as a cost reduction.

Indirect manufacturing, product engineering and commercial and adminis-

trative expenses

Savings should be limited to specific reductions in (1) expense fg;i,f
-

labor which is actually removed from the payroll or transferred without
replacement to an activity representing an additional volume of work or
(2) expense materials. Savings in total indirect manufacturing and
product engineering expensesthat result from a decrease in production
volume or savings in unit indirect manufacturing and product engineering
expenses that result from an increase in production volume should not
be considered cost reductions,




All cost reductions involving a labor saving should also include
provisions for reductions in overhead expense directly related to the
labor inwolved. This does not mean that the normal overhead rate or ,,$»$ ﬁ.
theoretical overhead factors should be applied to labor reductions but | +W*
rather the items of overhead expense that are actually eliminated as a
result of labor savings, for example, Employee Benefits expense,

Savings which require the purchase of new machine tools or
replacement of an old machine tool should be reduced by one year!s
depreciation at normal rates (in the case of new toolss or the net
annual increase in nomal depreciation (in the case of a replacement
tool). Full cost of new machine tools and their installation will not 0 4
be considered in evaluating the saving. Toow Lo Thiy Mhpas e

In the redesign of a product or a change in method or material,
the savings should be measured in terms of the specific differences in
direct material, direct labor, and those manufacturing expenses which
are affected by the changse. These savings should be adjusted by the
deduction of one year's amortization of the engineering and tool ex-
penditures which were necessary to create and put into effect the
change in manmufacture. Expenditures for new dies, jigs, fixtures,
templates, etc. shonld, for this purpose only, be considered as amortiz-
able over the expected useful life of the tools.

Transportation

Savings in incoming or outgoing transportation because of change
in terms, freight classification, reductions in weight, etc., as the
result of cost reduction effort should be reported as cost reduction
savings,

General

Savings on new products or products redesigned for higher per-
formance standards should not be inflated by the reporting of decreases
in starting costs, Only savings which can be realized after the elimin-
ation of starting cost difficulties should be considered cost reduc-
tions.

Where a cost reduction involves both increase and decrease in
cost and the two are obviously related and readily ascertainable,
only the net of the increases and decreases should be reported as
cost reduction savinzs. Changes of a temporary nature only should
not be reported as cost reductions.




COMPUTATIONS

Cost reductions should be reported at such time as the
proposed changes are incorporated into the regular operating routine
and should be computed on an anmual rate basis as follows:

1, Products included in original budgeted manufacturing load:

Annual rate based upon the original budgeted production
rate for the current year.

2. Products not detailed or included in original budgeted manu-
facturing load:

Annual rate based upon the anticipated annual production
rate at a normal production level.

3. Special equipment or design that will be discontinued during
the year:

Base computation on the specific order or the quantity
still to be manufactured.

REPORTS

A report of cost reductions, evaluated and computed in accor-
dance with this Instruction, should be submitted monthly to the
Manager-General Accounting Services Department on a form similar to
the attached Exhibit A in those cases where accumlation and con-
solidation of such data has been requested by the responsible Group
Executive.

In instances where two or more Departments cooperate in
effecting a cost reduction, they should mutually agree upon the
portion of the reduction to be reported by each.

In certain cases cost reductions originated by one Department
have aprlication in other cbsely allied Devartments and are adopted
by the two or more Departments at about the same time. In these
instances the Department originating the cost reduction should report
(1) the portion applicable to its own operations as a regular cost
reduction and (2) the amount of saving realized by the other Depart-
ments on a memorandum basis.is recognition to those responsible for
the work. The other Departments which have benefited from the idea
may report the portion applicable to their operations provided the
origin of the reduction is clearly indicated by footnote.




v

I

\n

BUDGETS

A budget of anticipated cost reductions may be requested
~aﬂ' year showing information similar to that on the attached
¥ .
WXhibit A,

It is essential that the budgeted amount and the budgeted
percent of output be estab 115hed on the same basis as will be
used in reporting actual result so that a correct measure of
accomplishment in relation to buonct is subsequently shown .,




_— ;

Department

TOE IVD

COST REDUCTION REPORT

Period ending

Current Month

at an Annual Rate =~~~ Year to Date at an Annual Rate 0 (e ¥ Annual
Actual 8 i1y Buunut Budget
% of Annual # of Annual % of

Amount Amount Budgeted Output-a) Amount Budgeted Output -a) R% Qutput-a)

Savinegs affecting
own operations

Direct Material
Direct Labor

Expenses:
Manufacturing

EnFsineerinz
1ransportation

Commzrecial and
Administrative

Total

As a2 memorandum:
Savings effected for other Departments-b)

a- Annual budgeted output at manufacturing cost
(b— Show details by Department and type of reduction

\
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5 (3-52)
TREASURER'S OFFICE

— =. UNITED STATES SAVINGS BOND
GENERAL @B ELECTRIC, % S

COMPANY

This Bond is of value only to registered owner.
1 River Road, Schenectady 5, N. Y,

“\Finder Please Return to Owner or to General Electric Company

STRICTLY PRIVATE

KEEP IN A SAFE PLACE

The enclosed United States Savings Bond was issued
against the accumulated deductions in your installment
account at the end of the month and year shown in
the upper right-hand corner of the bond.

This bond should be carefully examin
crepancies in amount, denomination or inscription should be
immediately reported to your payroll division, Changes in
address on Series E bonds already issued need not be made.,

Do not cash this Bond except in a real emergency. The longer you hold it, the better it gefs.
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SCHEDULING

In order to determine an optimum input schedule it is necessary to have
some means of testing various schedules and to develop a plan or technique for
finding the best one,

The most straight forward approach to the evaluation of a schedule would
seem to be the creation of a mathematical model which would simulate the
behavior of the factory ugder study. Then, the next step would be an evaluation
Sased upon the results of the factory model operating on a certain input
schedule,

With the factory model and the evaluation equation determined,the only
remaining variable is the input schedule itself. In the factory, output is
normally specified in terms of customer wants or anticipated wants; this usually
establishes a quantity of a specific product desired at a specific date. There-
fore, the end result, if within the capacity of the shop, is completely specified
and flexibility exists only in the starting date of a lot through the shop and
in the priority system used within the factory to determine individual job
sequence.,

Let us look at each of these three phases of schedule determination
separately; for convenience we shall start with the evaluation, éhen discuss
the factory model and finally the variation of the input schedule itself., In
general the discussion will be centered on a job control operation, since, with
either a bateh control or a flow control set-up the problem becomes simpler and

easier to analyze,
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EVALUATION

In evaluating the effects of an input schedule on the factory four
measuring sticks seems most significant:

1. Inventory Carrying cost for the lot being manufactured.
2+ Equivalent penalty for late completion of the lot,

3« Non-productive man-machine time,

lie Set-up costs.

There is a fifth function - that of the cost of scheduling itself;
however, this tends to be inversely dependent upon the lot size which for the
sake of simplicity, is being omitted from this discussion. Therefore, it will
be assumed that the actual cost of preparing a schedule will be identical in
all cases,

The cost of carrying inventory through the entire cycle can be represented

in two different ways, The more accurate is as follows:
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Cost of Carrying INWG = I {(Dcn- Uso) Mo # (Ucl-”al)(Ll" RL;) %
# (Do _=Do, ) (In# RL) # (De,- Dg,y)(lpf Rip)3 # (Dg - Dep)(lof Rl2)
fooee # (Dcn-l- Dsn-l)(Ln-l ¢ RLn—l)% ¢ (Dcn-ncn-l)(Ln-1# RLn-l)
£ (D - Dg )(Lpf RIp) Y # (42 Dg> D, )5 (Bg-De, ) (o L # BL)

Where:

Dso. Date material received

D31= Date start 1lst operation

Dg,= Date completed 1lst operation

Dg = Date due complete

Material Cost

Mo

Ly = Direct Labor lst operation

R = Ratio of IME to Direct Labor
n
L - l£. L!
czy) b
I = Cost of Carrying Inventory ratio per day.

A Good Approximation is:
Cost of Carrying INV, = IAC
A = the Average Inventory over the entire cycle.

c

Entire cycle in days.

Where: A = Mof 2(L £ RL)

0if Dg & D,
C = Dey- Ds, # Dd = De, if Da > Dey
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Either of these two equations may be used for inventory evaluation.

The second method is generally to be preferred for simplicity and ease of
manipulation,

There are three areas of cost which need to be investigated in order to
determine the equivalent penalty for late delivery. If a finished product is
being shipped directly to a customerythe customer dissatisfaction may be measured
through a penalty clause in the contract; however, if there is no such clause then
an estimate must be made of the losses which may be suffered through the customer's
not obtaining a delivery on the date desired; this might be obtained by estimating
fhe amount which you would be willing to pay to avoid late delivery. Where the
product is used asa portion of a final assembly this factor could be a measure
of the direct extra cost which would be caused in the assembly department in
order to avoid late delivery of the final product. The net cost of customer
dissatisfaction can be expressed as (Dg= Dg) FR, where Dy equals the actual date
the part is completedde equals the date due complete, F equals the full value
of the part,and R equals the customer dissatisfaction ratio per unit product
value per day.

The second cost of late delivery is involved in the necessity for car&ying
the inventory for this lot for a period of time longer than planned., This has
been covered in the cost of inventory for the product, by including the time
period (Dcn- Dd)e

The third area of cost for late Qelivery is the cost of carrying inventory
for other parts which are used together with this part. This is only applicable
where the product is used in further assembly. The cost is equal to (Dg - Dg) BI
where D equals the inventory value, prior to assembly, of all parts held up pending

delivery of this part and I equals the cost of carrying inventory ratio.
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The next basic function to be investigated is the non-productive cost when
the man-machine combination is idle, The first area here is the payment of funds
to operators who have not been able to produce goods because of insufficient part
availability. This can be evaluated as (T;)(Wy,)e Where T; equals the idle time
in minutes and W, equals the rate of pay per minute.

The second factor is samewhat more -complex in that by the machines not
having produced useful goods during the time period T; a certain loss in output
product has been experienced. _This loss in output is only significant in that
normal profit may have been lost and non-direct expenses not liquidated. This
may be expressed as (VR # Op W) T3

Where: V = Replacement value of the machine tool
R = Hequired return on Investment per minﬁte and

Oh= Overhead to Direct Labor ratio

The fourth and last of the evaluation factors is the needed set-up costs,
This can most readily be obtained through a direct comparison of the total set-up
dollars expended under one schedule as against the total set-up dollars expended
under a different schedule., In some jobs, especially those that use special
purpose tooling, this factor may be dropped since there are few opportunities for
reduction in set-up costs, except through change in lot size, which has been
omitted from this discussion, It should be understood that set-up costs are con-
sidered to include not only make-ready charges-but also tear-down, clean-up, and
put-away costs. Other ways in which this cost may be influenced is by the com-
bining of set-ups on similar jobs and the splitting of jobs for load purposes

thereby causing additional unplanned set-ups. This can be expressed as:

n r
2 = su
L=l J=l

Where S = actual set-up charge experienced on a given job and a given operation.,




FACTORY . MODEL

In preparing a factory model it was decided to imitaie as closely as seemed
practical actual operation, not the ideal or storybook version. This means that
recognition must be made of the effect-human errors have on the output of the
factory. In preparing the model the operation of a factory seemed to divide
itself into three areas. The first is the actual job selection method and is
intimately related with the priority system associated with the schedulej this
is frequently called dispatching or scheduling. The second activity is the
actual transformation of the product through physical, chemical, or electrical
means into something different from its original state. This is usually known
as machining, assembly, or processing. The third area is the physical movement
of the material from one location to another. This is material handling or
transportation. Each of these basic areas will now be analyzed.

The dispatching method used in many job shops operates as follows:

A man comes to the dispatcher's window and requests the assignment of a new
jobs therefore, the man is the forcing function. The dispatcher has a record by
operation station of the various jobs which are available for that station at
that specific time., In accordance with the existing priority system the dis-
patcher selects the most urgent job and assigns that to the operator. At some
later time the dispatcher will be notified that the job is ready to move to the
next stationj this may be done by having the operator come to the window for a new
job. At this time the dispatcher determines what the next station is and directs
a material handler to transport the material to that area. When the material
has been delivered to the next station the dispatcher is informed by the material
handler and a record is made at that station that the job is available. This

basic selection technique will vary somewhat between different factories., However,
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the key point is that no job can be moved until it has been operated upon and
that no operation can be starteéd unless the material is at that station. This
can be modified by using "lap-phasing" instead of the more usual "gap-phasing".

They can best be differentiated by looking at a graph of factory progress under

both plans:
GAP PHASING IAP PHASING
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In this discussion "gap-phasing" will be assumed. The problems of "lap-phasing"
are numerous such as determining the number of individual deliveries and there-
fore is not too frequently used in a job control shop; it is frequently employed
in a batch control operation and reaches its ultimate in the flow control shop
when the lot size is uwaity, The variable factors to be considered in the dis-
patching mechanism include the delay times in receiving information, Dispatching
in the batch or flow control shop is of a somewhat simpler nature. There, the
starting date may be determined a week or more in advance and it is anticipated
that the various consecutive operations Hill be performed on these jobs main-
taining the original sequence., Therefore in these areas a dispatcher only has
to control the starting sequence selection. It is even possible to treat the
entire group of operations as being performed at a single station; this is
especially true where conveyor belts are used,

The station operation model predicts the performance of certain specific

tasks during a finite time interval. There are two basic phases to look at,
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¥irst is the fixed or pattern data such as

Starting time = T,

Initial quantity = x

Set-up time = e

Time per unit = p
If the operation were perfect and there were no "lap phasing" or human or machine
variations to deal with, it would be a simple matter to predict the completion

time (T.). To = Tof © £ %p
However we do not face any such ideal situaticn. <1he following "noise" factors
severely affect the completion time for a lot and their specific impact is on a
somewhat random basis.
Operator efficiency ratio = -f, f)O
Machine breakdown = by, b = o for indicating machine availability.
by o indicates time delay until machine is available,
Operator absenteeism = a, a = o for indicating operator availability.
a » o indicates time delay until operator is available,
Spoilage ratio to original quantity = s, 82 o
Re-work ratio to original planned time « r, r 3 o
Material, tool, blueprint and paperwork availability mm ,m = o for
indicating availability of all factors.
m» o indicates time delay.until all factors will
be available,
Therefore, the actual equation which must be used for predicting the anticipated
completion time (T';),still omitting lap phasing is:
LIT (efx) fbfagn

T'e = To ,t?_

and at T1g, X w (1 - 8)X ’

I‘t -
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First is the fixed or pattern data such as
Starting time = T,
Initial quantity = x
Set-up time = e
Time per unit = p
If the operation were perfect and there were no "lap phasing" or human or machine
variations to deal with, it would be a simple matter to predict the completion
time (T,). To = Tt € #xp
However we do not face any such ideal situaticn. <‘he following "noise" factors
severely affect the completion time for a lot and their specific impact is on a
somewhat random basis.
Operator efficiency ratio -'f, f)O
Machine breakdown = by, b = o for indicating machine availability.
by o indicates time delay until machine is available,
Operator absenteeism = a;, a = o for indicating operator availability.
a » o indicates time delay until operator is available,
Spoilage ratio to original quantity = s, 82 o
Re-work ratio to original planned time = r, r 3 o
Material, tool, blueprint and paperwork availability e m ,m = o for
indicating availability of all factors.
m » o indicates time delay until all factors will
be available,
Therefore, the actual equation which must be used for predicting the anticipated
completion time (T'C)Jstill omitting lap phasing is:
T'e = To # 14 (e £xp) #bfadm
> 3

and at T'o, X = (1 = s)x)
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where x' = completed gquantity and each factor is determined by an appropriate
probability distribution.

One important feature of this probability arrangement is that no single
run-through of a schedule will be sufficient for evaluation. It will be
necessary to use a statistically determined number of tries or samples in order
to predict with, say 90% accuracy, the mean evaluation for a given schedule,

However, it should be noted that each of these "noise" factors can, with

the data which is available, be statistically determined and need not be guessed
or estimated., The accuracy with which the probability distributions for these
noise factors is established will, to a great degree, determine the usefulness
of the final results.

The third function in the factory, that of material handling, can also be
analyzed statistically, if necessary. In a batch control or flow control
operation where automatic or semi-automatic movement exists, this transportation
mechanism is exceedingly simple in that it is an essentially predictable function,
However, in the job conirol shop, indications are that this can be a random
relationship not fixed by the source station and delivery station or by their
distance, time of day, or any other determinable factor. 4All this means is
that the transportation time may have to be derived and used in the same manner
as the noise factors.

VARIATION OF INPUT SCHEDULING

The basic objective of all this evaluation and factory simulation is the

¥
improvement of the input schedule itself, Two basic approaches suggest themselves:

one is the possibility of random variation of the sequence of items in the input

schedule, thereby providing a set of different priority systems. Each new sequence
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that is attempted should result in some change in the net evaluation., However,
the difficulty here arises in the tremendous magnitude of the available per-
mutations., For instance, for just 100 jobs the total number of arrangements for
a single operation is 10158. If there were, say 10 operations toc be performed
on each job, then this number would have to be raised to the tenth power to cover
all of the various possibilities. &Lven with the fastest computer on the market
today such a number of trials is not economically feasible especially since the
time consumed would be such to make the data old before an answer was obtained,
4 second possible fallacy in this random arrangement approach is the absolute
magnitude of the noise factors compared to the average cost variances. It
should be possible statistically to compute at what magnitude of the noise
factors the cost variances are insignificant,

However, this above technique might be applied through random arrangement
of stratified data., For instance, if the various jobs to be manufactured were
arranged in sequence based upon their due complet; date and the amount of work
left to be performed then it would seem rational to establish rules that no job
may be moved more than n positions down this stratified table., This approach
can be even further simplified by dividing the jobs into a set of groups of n
items each, Then, within the group random arrangements might be tested, but no
job could be shifted to a different group. However, even this approach leads
to voluminous trials since if there were 100 jobs and 10 jobs to each sub-group
there would be (3.6 x 106?.° trials, Another possibility is testing of each
group independently and then fixing permanenily the results of this group prior
to the testing of the next group. However, this would have to be proven as
statistically valid, All of these approaches require the weekly (or other short

period) re-analysis in order to determine the comparative priority numbers,
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The second basic way of approaching the variation of the input schedule is
by using an Operations Research type analysis. This involves a study of the
effect that various input factors have on the output factors and by appropriate
correlation establishing the anticipated variation in output from a specific
change in input. Certain examples may be cited which explain more clearly this
approach. As stated previously, an input schedule specified certain factors.
First, it establishes the quantity desired at a certain date, Next, it provides
for each item a starting date supposedly selected so as to meet the due complete
date, Third, associated with the schedule, is a basic priority system which
gives each job in the factory a comparative preference, Since, in normal
operation the quantity and finish date are fixed the only variation that can be
made is the starting date and the nature of the priority system itself, Now if
an adequate factory model exists it should be possible tc intelligently vary
the basic manufacturing cycles (hence the starting dates) for the various items,
The examination of these results should give excellent clues as to what the
optimum cycle should be for each item, 4nother series of tests might be conducted
having the factory model choose the jobs in accordance with different priority
systems such as dispatching by due complete date, by starting date, by starting
date for each operation, by selected numbers, or by a combination of due date
and anomt of work to be done. Upon completion of these studies it would seem to
be st;tistically possible to determine for a specific plant the best priority
system to use. These studies need not be done every week, but could be performed
at semi-annual intervals or as the key factors changed.

There is a further advantage to this approach in that once an effective
factory model exists it would be relatively easy to pre-compute the effect

changing product mix or changing output would have on the factory.
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From the foregoing paragraphs it seems reasonable to conclude
that excellent savings might be realized from the creation of an effective
factory model associated with a good evaluation plan. This entire plan
must be converted to a detailed computer program in order tc obtain a
realistic test, It is essential that the time per run be very brief so
that multiple reviews will be physically and economically feasible,

The potential Qain seems great and further investigation using

a computer appears to be extremely desirable,

In order to provide experience on the application of computers
to this basic scheduling problem it was decided to try to imitate manually

the computer operations on a simple set of data. 4 concept of the overall

flow of information is on the following page:
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SCHEDULING INSTRUCTIONS

Search for next unoccupied station at ti
X Search for availability in
Search for next unoccupied

/ next time interval tif 1 A
I
Search Table 1 at time t4{ for machine
availability station S € 5 Sn
5S4 unoccupied All occupied
i '}
Search Table II stations 54 Refer to table VI for Job #,
for avail, jobs J1, Jp --Jp | Part # & next oper.# of job
Not Avail. | Available § 7|.available at time ti
|_Available t
o ¥ 71
Compare preference nos. of jobs ileler to table or station at
J1s J2eeeedp | which next oper. is to be performed
Select lowest pref. no. calculate Open O3 at Si | ALL operations complete
planned cycle time of Jj i
= 1 VLE VI—‘LL
Noise Calc. new pref, no. Enter| |Post in table VII
Factors Data from Table VI & III | |Jy, time complete
Use Tables IV & V into table II under 54 quantity
| < = L
~
IV__~a
Calculate completed time of
Ji on 54 = inter in Table I IX
time S; is occupied. Delete J; from Table VI
Va
Calc. time J; will be avail. !
for next operation., Calc, -
next oper. #.
IVb ;
Enter data into table VI getting
data from table II
IVe _}
Delete entry of Jy

€ under S; in table II
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The tables required are included as exhibits and numbered as follows:
I Machine utilization and status by station number
IT Waiting operation file by station number
III Planning and routing data by part number
IV Random number generation function accumulator (not included as an exhibit)
V Noise factor statistical selection (not included as an exhibit)
VI Parts in process by time available
VII Evaluation data
VIII Input schedule
The operations required are described briefly with the results obtained in
the specific problem studied. These results are posted in the tables concerned
7ith asterisks to indicate the added data. For the sake of simplicity the noise

factors are assumed to have 100% probability for the listed value:

f:l.O s =0
b= O ra=0
a=s 0 nae0

Dtee i i .

Examine time ,1 in table I. for example machine availability:
A11 machines occupied,

Step 2.

Search table VI. for parts available at time ,l:
None available

Step 3.

Repeat for time ,2:

All machines occupied, no parts available,
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Step L.
Search tableI. for machine available at time ,3:

Station 03 is available,
Step Ce
Search table II. for station 03 for parts available:
Jobs M and O are available,
Step 6.
Compare preference number jobs available and select that job with lowest
preference number:
Job O has a preference number of # 47,0; therefore job M with a lower
preference number will be placed on station 03.
Step 7.

Calculate length of time station 03 will be occupied in manufacturing job M:

To =€ £ Xp = 2.5
Step 8.
Indicate on table I. machine hours utilized at station 03:
Machine will be occupied from time 0.3 through time 2.7; T, = (Tg = .1) £ T_.
Step 9.
Calculate time that part will be avilable for machine operation:
Job M complete at station 03 at time 2.7. Transportation time as obtained

from random number table = .5; therefore time available for next operation

— 3-20
Stee 10,

Obtain next operation number:
Add operation number in table II. to the quantity 1; therefore the next

operation number = 2,
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Step 11,

Enter data in table VI. and results of calculations:
Time available, job number, part number, quantity, next operation number
and preference number,

Step 12,
Delete entry in table II. under station 03 for job M:

Step 13.

Continue searching table I, for available machine capacity during time o3

A1l machines occupied.

Step 1l.

Search table VI. for parts available at time .3:
Job F, available part 006 for operation 6.

Step 15.

Refer to table III. for 006, operation 6:
Operation 6 says deliver to destination - part is complete; part is
complete at time .3.

Step 16.

Post to table VII:
Part 006 completed.

Step 17.

Delete job F from table VI:

Step 18.

Continue searching table VI for parts available at time .3:
No parts available.

Step 19.

Search table I. and table VI for time .h:

A1l machines occupied, no parts available,
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Step 20,
Search table I, and table VI, for time .5:
All machines occupied, no parts available,
Step 21.
Search table I. at time .6:
Station Ol availalle,
Step 22,
Search table II. for station Ol for parts available:
Jobs A,, C., J., L., and N. are available,
Step 23,
vompare preference numbers and select job with the lowest preference number:
Job A, # 32,8
Job C,. £ 715
Job J. - 15.6
Job L. £ 5.0
Job N. - 23.9
Therefore job N. is selected for assignment.
Step 2l
Calculate length of time station Ol will be occupied in manufacturing job N:
Ty = 346
Step 25.
Indicate on table I. machine hours utilized at station Ol:

Tc ert hoh

Step 26.
Calculate time job M will be available for next operation:

T O




==
Step 27,
Calculate next operation number:
241=3
Step 28.

Enter data in table VI:

Step 29.
Delete entry in table II. for station Ol under job N:

otep 30,
Continue to search table I for unoccupied machine at time ,6:
All machines occupied.
Step 31,
Search table VI. for parts available at time .6:
No parts available,
Step 32,
Search tables I and IV for time .T7:
All machines occupied, no parts available,
Step 33.
Search tables I and IV for time .8:
All machines occupied, no parts available,
Step 3l.
Search tables I and IV for time .9:
All machines occupied, no parts available,
Step 35.

Search table I, for machines available at time 1,0:

All machines occupied.
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Step 36,

Search table VI for parts available at time 1,0:
Job D,, part 006 available for operation #3,
Step 37.
Refer to table III for part 006:
Operation 3 to be performed at station 02,

Step 38,

Calculate new preference number:

a4 SF(ep £ xpp) = =3.3
Step 39,
Enter data under station 02 in table II:
Job number, part number, preference number, operation number, set up,
time per unit, and quantity; data obtained from table II and table IV,
Step LO,
Delete Job D, from table IV:
This process is continued until the week's schedule has been planned,

For this problem the pPriority system is based on the use of a preference

number calculated from the due complete date of the Job and the amount of work
remaining to be performed, The formula used for calculating the preference
number is:

=05 e £ x0)
Where:

- date due complete

QU
1

qT -

= preference number
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SF = 1 ey
Mfg. cycle efficiency
e = set-up time
X = quantity
P = per unit time
M = Mfg. Cycle Lfficiency
r
M = ..é MJ where there are "r" jobs possible to manufacture.
r
M: =& T
R
n
Ty o i e; £ xpy
L=/
Rj - Dc - DB where there are n operations per part.

A good approximation is:

" n
E‘i €r+X P;,:l £ e+ XF
w2 i=l ol Al J=l
r" —

> - [
=C. £ C:
Jz] ¥ e

== J=1

Where C = planned cycle,

This in effect compares the total planned on machine time to the

actual time that the job was in the process of manufacture,
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This simple approach to the problem of scheduling production through
the use of an electronic computer should provide a good beginning for
computer programing, Additional studies will be performed in the near
future in an effort to determine the computer time required for performing
the necessary calculations as well as an evaluation of the potential

savings to be realized,

Burton Grad
Production Control Services Section
BG:D 2/15/54
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TABLE II

WAITING OPERATION FILE

Job Number  Part Number  Pref. Number Oper. # S.V. Time/Unit Quan,

Station #01

A " 003 +£32.8 1 2 ) 2
Cc 004 £71.5 4 s = § 1
J 007 -15.6 1 .t =2 4
L 002 + 5.0 3 S .9 5
N 001 -23.9 2 3 .9 4
M* 004 % £42,0% 2% o 6% 3%
H* 0o5* + 9.0% 4% 2% A% o
O* 003 * 4£51.7*% 4% 1% LAR 1=
E#* 002* +18,.90% o A% 2% 4%
B#* 010% £50,7% 5% .O* 9% S5*
L* 002%* £34.1% 5% A% 2 5*
R* 001 % £52.4% 2% 3% Q% 3e
Station {OZ
by TS 006* - 3,3% 3% 1% P 4ad 3=
N* 001 % - 7.3% 3% LA . 9% 4=
M#* 004* £51.5% 3% «1* . 6% 3=
Station £03
004 #31.3 1 il «8 8
0 003 +47.0 3 A .9 * b
J=* 007 % ~10.0% 2% S A% 4»
N#* 001 * " 4 9.8% 4% " 6% 4%
D#* 006* + 4.0% 5% . A% 2% 3=
H* 003* +18,4% o* 2% .6% 5%
Q* 002* £62.3% 1% 5% .6% 2%
S* 010% +34,1% 1% 3 .o* 4%
Station #04
I 007 #£51.7 3 o 5 - S
.. B* 010#* £33.2% 4% 1% 8% S5*
5 ) RN . 006* - L 3% 4% R . b L
K#* * DOg* +£54,7% S* 1% 1% 2
J= 007* - 1.0% ' ; 3% 1% 2% i
J* 007# $13,5% ) o* A 1% T 4%
p* 001#* #60.1% 1* 1% OF 2%
R* 001+ $45.6% 1* al®* s0® 3=
Station !25 v
002 #12.5 4 .3 -3 4
| 4 008 £44.9 4 g .9 2
G* 009* +40,9% S* A 3% S5*
J= 007+ + 2.8% 4% 5% 5% 4=
L* 002*% 4£26,4% 4% % s A 5%
I* 007* £56,4% 4% o S 5%
N# 001# 421,.3% o% OF o i=

A* 003* +38.6% 2% 1* R b 4




Table III
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S.U.

Station Number

Operation

Part Number

001

Part

04
0l
02
03
05

P B B IR AL

002

Part

Ww oo e N

L - - -

W o<t M
s s af =

03
02
01
05
0l

- N M w0

Part # 003

~ O o = wm
« o o » a] »
«

N ot N

0l
05
03
0l
02

~ M D

004

Part

866?85
«a u = = wufl =

«

- N~

03
0l
02
01
05

- MW

Part # 005

W M O = W
s = s 8 s}l e

o3

o U S N N

01
03
02
01
03

- N ) D

006

Part

- =t €9 M Mo
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-

e e B N i L=
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03
0l
02
04
03

- N MW
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PABLE III (Cont.)

Part Womber Operation Station Number S.U. Oper. Time //‘c.
Part # 007 1 01 a9 2,
2 03 «d .4
3 04 el i
4 05 oD O
5 04 2 1
1.8 1.4
Part # 008
1 01 «d Y
2 04 o | .3
3 01 0 .
4 05 .9 3
5 04 il 1
1:7 2.3
Part # 009
1 03 S %
2 02 od 6
3 05 .3 .2
4 04 = | 9
5 05 e o8
.9 2.2
Part # 010
1 03 3 +d
2 04 el - 'O
3 05 3 6
4 04 = | .8
5 01 s -3
) S5 .3

Oper; 6 - across the board

deliveries to destination

part complete




Hl?t.

Pert Number Operation

TAME III (Cont.)

Station Number

Part # 007 1
2
3
4
S
Part 008
il
2
3
4
]
Part # 009
1
2
3
4
5
Part g 010
1
2
3
4
5

01
03
04
05
04

01
04
01
05
04

03
02
05
04
05

03
04
05
04
0l

S.U.  Oper. Time //_,(__
5 3.
i5 A
o ;3
.5 .5
—2 1
1.8 1.4
ls |7
X .3
.5 .3
S .9
1 =i
I 2.3
.2 <
T .6
.3 .3
| .9
.9 2.2
.3 5
Dl R .5
3 .6
a .8
=5 =3
1.3 3.3

Oper; 6 —‘&cross the board

deliveries to destination

part complete




TABLE VI

PARTS IN PROCESS
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EVALUATION DATA TABLE

TABLE VII
ﬁql -
Days time  Qty.
Job # Part # Date Due A Dg = Dg B cpt. ocpt.

A 003 8 $ 42.42 10 $2596

B 010 9 102,55 10 1703

c 004 10 48,90 10 8674

D 006 1 155.40 10 1857 12.5 3
E 002 3 62.82 10 7585 14.5 4
F 006 8 53.30 10 8482 <) 1
G 009 6 236,78 10 5099 6.0 5
H 005 4 32.85 10 3499 17251 5
I 007 3 104.80 10 1030

J 007 2 84,65 10 9235 13.8 4
K 008 7 34.18 10 6738 11.6 2
L 002 5 77.35 10 9458

M 004 10 142,65 10 6990

N 001 4 118,20 10 7767 15.6 4
0 003 7 22,00 10 3962

P 001 12 10

Q 002 12 10

® 001 - 13 10

s 010 12 10
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&k ‘ TARLE YW

'i
INITIAL SCHEDULE
‘ AVAIL.
JoB # PART # QUANTITY DATE DUE AT Opp#  STARTED AT STATE #
A- 003 2 8 1 01
B 010 S 9 3 - o6 05
c 004 1 10 4 01
D 006 3 1 2 = 8 0l
E 002 4 3 A 0s
b 006 1 8 S - o 03
G 009 S 6 B - 04
H 005 5 4 3 i Il 02
2§ 007 5 9 3 04
A 007 4 2 1 0l
K 008 2 7 4 10S
L 002 o 5 3 0l
M 004 3 10 1 03
N 001 4 4 2 01
0., 003 1 7 3 03
Addit. P 7 001 2 12 1 04
Jobs Q 002 2 12 1 038
R 001 3 12 1 04
S 010 4 12 1 03
P 009 5 13 1
U 005 3 13 1
v 002 5 14 1
W 008 1 14 1
X 003 S 15 1
i 008 2 15 1
A 009 5 16 1
AA 007 4 16 - 1
AB 010 4 17 1
AC 009 4 17 1
AD 009 4 18 1
AE 003 3 18 1
AF 001 5 19 1
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Thoughts on “Manufacturing Cycle Efficiency”

. Problem: To establish a measure of performance for Materials Management.
Criteria of measurement

a. Must be valid; i.e., must actually measure the Materials function,

in whole or in part.

b. Must be intérpretable into action; i.e., must provide a basis for
subsequent improvement.
Definition of Manufacturing Cycle Efficiency *

a. Time basis--a comparison of the actual make time with the total

- gt

elapsed time from start to finish, of a part, sub-assembly, final
£

assembly or complete product assembly. 5T

.

b. Inventory investment basis--a comparison of the summarized
individual make times, weighted by the value of each item, with

the summarized total elapsed time, also weighted by the value of
TS
ETI <

These two definitions state clearly that the manufacturing cycle begins at the

each item.

first operation of the chronological first part and ends at the final assembly opera-
tion (in some cases, packing is included).
Quite another definition is offered on page 4 of the Inventory Management
book, dated March, 1950:
Define (Manufacturing cycle) as the time from the receipt of material

until the time the product is shipped. "

#Excerpt from Home Laundry Dept, --Production Control and Inventory
Control Appraisal--November 1, 1955.

;————
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Well, What [s It?

Since definitions vary so widely, we must look to our criteria for help. What
is the most valid measure and can it be interpreted easily for subsequent action?
Here the narrow definition is weak. For example:

EXco company measures manufacturing cycle efficiency from

first to last operation, or

” ®. Operation Times = 100 hrs.
Eff - )
4 bt *Z Total rlapsed Times 500 hrs. S

Suppose also that shop cost is divided as follows:

Raw Material 30% A
/'l e
, (A
- WIiF 50% ‘rvt-. 1

.l.
L]
uf"l'y
Finished Stock 20% _ [

We are thus measuring the "efficiency’ of 50% of the materiéls responsibility for
inventory investments. Now eXco plans to buy 40% of its present manufactured
parts from specialty vendors. Assuming homogeneous operation hours, total hours,
the efficiency remains the same 60/300 = 20%, but now manufacturing cycle
efficiency accounts for only .6 x 50 or 30% of inventory dollars. Albeit an exag-
gerated example, the truth remains that the measurement base is constantly shift-
ing. Also, the innate weight is far different for various businesses. In'certain
flow shops with short in-process time, the measurement is tied closely to the
facilities plan and is almost entirely uncontrollable. In a long cycle job shop on the
other hand, in-process inventory may be highly controllable, depending on the
degree of perfection of the scheduling plan. Again, will this restricted definition
of manufacturing cycle give us an important measure of materials efficiency over

a broad range of departments ?




What Should It Be ?

Manufacturing cycle as related to the materials function encompasses far
more than machine time. Responsibility fcu.- inventory dollars hegins when material
is received and ends when the product is shipped. This, then, should comprise
the cycle, compounded of the following time spans:

1. Receipt to Inspection

2. Inspection to Storage

3. Storage to Machine

4. Machine to Packing

5. Packing to Storage

6. Storage to Shipping
Note thatof these 6 spans only one--#4--fits the narrow description of manufacturing
cycle. Note also that no matter what type of business--job or flow, product or
process--the complete inventory responsibility time is included. The formula for

manufacturing cycle efficiency, using the time spans 1 - 6 is:
-

MCE % = ._ b T64 '(opcration__&mes) 3
( Tl+ TZ‘*-T:; *-T44'- TS - Tf} )

This formula is concomitant with the first of our criteria. It recognizes the

importance of total inventory responsibility time. It measures the materials Job.

.bomet.htﬂ l\uissingi

Criterion B is still unsatisfied. The formula does not yet provide a sound basis
for improvement. It is like an inaccurate set of scales, valid because weight is indi-
cated, but useless because you are on the fence whether to gorge yourself or
succumb to a starvation diet. Materials people are not generally measured by

timme per se, but rather by weighted time. So in order to grease the wheel that squeaks,




we must factor in dollars of inventory. This merely means multiplying each time

span by its average inventory value, as follows:
4

E(To4 C 4
€1 T, ClquZ_Qgi SeTane G where Cggq is the inventory invest-

ment of material on machines and C) - Cg is the inventory investment of

all material pot—trrrachirey.

This results in a measure of efficiency of materials dollars--a measurement fully

compatible, for purposes of comparison, with inventory turnover (also dollar

weighted). There is thus a road to improvement, but not quite direct.

Don't Kill Time, Just Leave It O_u_t

" We have a formula, but still not as simple as it could be. In other words, why

not leave time out entirely? Example:

The eXco Company measures manufacturing eycle efficiency by the weighted
time method. Consider a single operation:

Operation time = 1 hour = T

Avg. WIF inventory value = $10 = Cj

Pre-operation storage time = | hour = T

Pre-operation inventory value = $5 = C

MCE % = __ ToCp
ToCo #1C

= 1x 10
(Ix10)+(1x5)

= 10,15 = 67%

Note that 67% is the same efficiency obtained by dropping time {rom the equation:

MCE% = C = 10/15 = 67%
Ty #5




Now let us double storage time:

& 1x10 3%
MEEN (Mx10)+(2x5) 20 s

By dropping time from the equation, we get:

1oL 04
Tors . o1

The first equation of 50% MCE would seem correct, since we have increased storage
time and hence reduced efficiency. But the actual result is to give the formula a
double weight. Here is why:

When eXco doubles storage time from . . .

| storage . operation

to
| storage operation
« « it must also double inventory dollars in storage, assuming a balance between
storage and operation. This is axiomatic, since the operation still demands Y
pieces per time period, yet storage time T is doubled. Therefore, the number of

inventory dollars Z must double to maintain Y pieces in operations. The relation-

ship is thus:

-
"n

1 Time in hours before change

-
[1]

2 = Time in hours after change

N
—
L

= Inventory dollars before change
Z7 * Inventory dollars after change
Since the ratio exists in all near-equilibrium conditions, it is correct to leave out

time. Otherwise we ''double-weight" the MCE%. In the example above, equilibrium

under the weighted time method would not be 50% but:




1x10 s 10

(Tx10+(Zx10). - 30. 3%

Under the dollar method, this is:

10 -
ioFio * 10/20 - 50%

The latter is correct. Efficiency is not inordinately exaggerated as in the weighted
time method.

The MCE formula is now:

MCE = E Cog *

E ( C1+CZ ~¥*C3+ C4 "‘CS *Csj

What's This About Equilibrium ?
Equilibrium is a classical economist's term for "We know this is non-existent,

but our textbooks can't have more than 500 pages.'' Equilibrium is the shorthand
of economics, just as formulas are the shorthand of mathematics. It foreshortens
an otherwise incomprehensible subject. In the context of manufacturing cycle
efficiency, it is highly valid. What we want to measure is not the pile of steel
waiting at the machine because Johnny Order Clerk pointed off the wrong decimal
place, but rather the day-in, day-out paralysis of sub-standard materials perform-
ance. It must be assumed that Johnny's steel will be processed. The quuﬂon is:
What is it costing us ? Equilibrium is not synonymous with efficiency, for a 5%
MCE may reflect smoother material flow than one of 35%. However, it does allow
us to observe the operation at a single point of time and interpolate meaningful
data, This is the whole basis for dropping time from our equation, since it is a

function of investment dollars, or vice-versa. While the day-to-day balance

*The individual factors will admittedly differ, depending upon he number of
time spans and their mathematical expression. However, the dollar concept still
holds true.




a7

between storage and operation may be . . .

Inventory $
(at raw material cost)

~ P
o -

—

Stor. Oper., Stor., Oper. Stor. Oper. St.br. Oper.
DAY 1 DAY 2 DAY 3 DAY 4

+ + « monthly, it would look like this:

Inventory $
(at raw material cost)

i
+ . e 2R £ inir el SRS
Stor. Oper. Stor. Oper. Stor. Oper. Stor. Oper.
MONTH 1 MONTH 2 MONTH 3 MONTH 4

This must be so, since operations are sustained by material and conversely,

material must be operated upon.

Have We Forgotten Time?

In order to satisfy the second criterion, that of providing a built-in tool for
improvement, it can be argued that we must consider time: shortening the cycle
reduces inventory and improves customer service. Granted, but time is inherent
in the formula, since it is a function of inventory dollars, and correlates closely
with dollar weight.

Doubtless, MCE can be nothing more than a thermometer, indicating a malady.
The cure must wait for diagnosis. Likewise, the inventory or scheduling specialist
cannot reduce inventory or cycle time until he analyzes the elements that comprise

MCE, Here a time cycle chart is invaluable. However, the omission of time from

L R e P T R e R T e
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MCE is not hereby invalidated, since MCE is only an indicator. Otherwise, as

shown by the “double weight' argument, the indicator itself is faulty.

A Rose By Any Other Name

Now for the matter of terminology. True, MCE has been described by word
and formula. However, the raft of definitions for manufacturing cycle will perforce
cause misinterpretation., Better to tailor the name to the circumstances than
vice-versa, and we're talking now of inventory cycle, the span(s) of time during
which the materials function holds responsibility for inventory dollars. A better
term, then, is Inventory Cycle Efficiency, of which the manufacturing cycle is

only one segment,

l};casurinf I._'l:_
Inventory Cycle Efficiency can now be measured easily, continuously, without

the need for time studies, * work sampling® or the like. The dollar value of material

being worked upon is divided by the dollar value of all other material: in storage,

in transit or float, in finished stock, and so on. The formula:

ICE«_% Cg
T C

where Cp is the cost of inventory on machines or otherwise being

pProcessed or fabricated and C is the total cost of all inventory,

Quo Vadis, Customer Service ?

It may be argued {anticipating Some argument, eh what?) that ICE dilutes the

weight given customer service since service is dependent, for the most part, on

*These Lecggiqucs, however, are used in the second, or improvement, stage.
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the manufacturing cycle per se (from first machine through last machine.) This
is admittedly true, but the importance of including total materials responsibility
precludes the more restricted formula, However, and this is most important,
ICE is not the last word. A ratio of operations dollars to total in-process dollars
would be necessary to isolate bottlenecks in the manufacturing time cycle. As a
vital corollary of ICE, then, 2 second formula for In-process Inventory Cycle

Efficiency follows:

In-process ICE = ECg
E Cip

where Cp is the cost of inventory on machines or otherwise being
processed or fabricated and Cyp is the total cost of all inventory

in-process (from first operation through last operation).

ICE Related to Inventory Turnover

There is a logical relationship here. An inventory turnover of 12 means 1 month
of inventory dollars to cost of sales on hand. An ICE of 10% says that of this
one month's inventory, only 10% is being enhanced in value through manufacturing.
An In-process ICE of 30% further describes the actual period during which value
is added. It says that out of 10 inventory dollars in-process, only 3 are efficient;
i.e., are being worked upon. The remaining 7 are in abeyance and are actual or

potential deterrents to customer service.

Writer's Cramp

Inventory Cycle Efficiency and its logical offspring can be soliloquized ad infinitum

and perhaps beyond, but because this script is already protracted beyond the normal
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readable length (there must be a formula for this), I shall cease fire and await the

return volley.
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