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This report analyses the replies and subsequent conversations held
with companies, Based on this analysis it is shown that various factors
have to be considered when deciding what is an Economic Batch size, and
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that the baitch size given by the formula @ = }==:§=~f= is not necessarily
j!

the size which provides the best economic gain to a company.

A relationship is formulated between the percentage increase in total

=
it cost for given veriations from the batch size: 5o SO that

¢4}

compenies mey determine what alteration to this batech
or desirdble wnder given operating conditions,

ize ig acceptable

The factors to be included in the terms A (set up cost) U + (unit

manufacturing cost), and I (holding cherges expressed as a percentage of
total manufacturing costs) are discussed, and practical methods of
calculating Economic Batch Quantities discussed.

TMnally a review is made of further resecarch work required.
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LIST OF SYMBOLS

Total cost of setting-up including overheads or placing a
purchase order

Retio of overhead costs in schedule B to total overheads as per
Appendix 3B

Ratio of overhead costs in schedule C to total overheads as per
Appendix 3C

Ratio of overhead costs in schedule D to total overheads as per
Avpendix 3D

Total overheads

Total cost of holding stock expressed as a percentage of the
total menufacturing cost of the component

Cost of storing stock expressed as a percentage of the total
menufacturing cost of the component

QUt A
The quantity 2 + === + === (see Appendix 2)
A QU%

Direct Labour cost per hour
£

Component material cost

unit manufacturing time
total operating time

ratioc

Number of orders issued per machine/operator per budget period
Nurber &f orders issued per machine/operator per hour

Percentage increase in Total Unit Cost over minimum cost for
quantities above or below the Minimum Cost Juantity

Minimum cost quantity

Annual rate of usage

Storage cost

Set up Time

Total number of operating hours in the overhead budget period
Time for unit menufacture

Unit direct labour cost including overheads



List of Symbols (Continued)

U % ‘ Total of direct labour including overheads and unmit material cost

batch quantity
minimom cost quantity

x ratio

overhead cost
direct lebour cost

A ratio



PART T, INTRODUCTION AND ACKNOWLEDGEMENTS

1e In Merch 1959 a request was sent to 50 firms in a wide varicty of
industries, for information on their methods of calculating Batch
Sizes., The introductory letter, data and questionneire are reprinted
in Appendix 1.

So far some 16 firms have shown interest or co-operated by sending
in completed questionnaires and/or providing useful comments on the whole
problem of Economic Batch Sizes. The range of industries covered by these
firms include manufacturers of Power generating plant, Mechanical handling
equipment, Alrcraft,Metals, Tubes, Furniture and Pharmaceuticals, together
wath general engineering companies, The Depertment of Iiconomics and
Production thank those concerned for their assistance,

PART TT, ANALYSTS OF INFORMATION RECEIVED

2, [THE PRESENT USE OF FORMULAT A'D SINITAR METHODS TO OBTATN FGONCHIC

It would appear that of the companies who replied to the questiomnaire,
some half dozen use formulae or previously established tables or nomograms
for obtaining Economic Batch Sizes for controlling at leesst part of their
inventorics.,

The main reasons advanced by some of the other companies for not
using any specific method were :

(a) The effect of large bateh sizes with long manufacturing time
cycles deleying the production of other items, thereby causing
increases in work-in-progress and bad maintenance of delivery
promises.

(b) ZEconomic Batch Sizes of components solely used in onc product
may not be multiples or sub-multiples of that final product
quantity, hence odd quantities of components will remain in stock,

(c) The size of baiches can be too large requiring finance in excess
of the available capital.

(4) The stock life of the product would be too long for flexibility
in meeting changing market conditions,

(e) The life of the tool may not last the menufacturing run, and break
down of the set up would be required for tool sharpening, Thus
the guantity affects the set up costs causing difficulty in
calculation,
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(£f) The size of the batches can be too small, requiring too meny set
ups. This high totel set up time for a given progreammed guantity,
together with the mnuf“cﬁurlmr time may exceced the total
available plant cepacity. This same principle applies to all
other production facilities, e¢.g. supervision, production control,
inspecticon, etc,

(g) Difficulty, or clerical effort involved, in assessing the values
of AJU.I, and R,

(h) The shop floor area is insufficient to house Economic Batch Sizes
during manufacture,

(i) Difficulty by the concerned staff in applying formulae,

These reasons have been discussed in subsequent sections of this report
Part IIT deals with paragraphs a to f; Part IV deals with paragrephs g and h
and Part V is concerned with pwrar;lw"oh i,

L]

]

3. OTIHER CONSIDERATTIONS DECIDITIG WIAT I8 AN ECONOMIC BDATCH BIZI

_It was also advanced that the Minimum Cost Quantity, given by the formula

(2004 . . :
!wmfm s is not necessarily the most economical quantity, as other consider-

4 U
ations enter into stock situations, e.g. increasing the return on capital
invested in stock, minimising stock, maximising machine utilisation, or
meeting delivery promises. These considerations are dealt with further in

Part ITI. To aveid any pre-judging of a suitable formula for the Economic
Batch Sisz e, the quantity expressed by the formula, ZuO R will be referred
é’ U, T
i .b

throughout this report as the Minimum Cost Quantity, and the term Economic
Batch Quantity is that quantity which gives the concerned company the maximum
overall financial and economic gain,

Lo ARTSON OF ACTUAL BATCH SIZES ORDERLD COMPARED WITH CAICULATED
IECL\ TMUM COST QUANTITIAS

From an analysis of the replies to the questionnaire, it appear s that
for high cost items the ordered guantity was smaller then the Minimum Cost
Quantity.

For intermediate cost value some corpanies ordered batch sizes which
did not very more than 20% above or below the calculated Minimum Cost
Quentities; whereas other companies ordered quantities which were, in gencral,
smaller then Minimum Cost Quantities, often as little as 1/3 to ’1/5 the
Minimum Cest Quantity.



For low cest items there was no consistent trend, some quantities
ordered were 3 or 4 times the calculated Minimum Cost Quantity, other
quantities ordered were half the Minimum Cost Quantity. However, very
considerable variotions from Miniumum Cost Quantities occurred when the
size of batches of components were related to the quantity of final
products, even when normally good corvelation between ordered quantities and
Minimum Cost Quantities existed in a company. For example if the quantity
of the finel product was 100, components would be ordered in 100's or
multiples thereof, even if the Minimum Cost Quantity was as low as 16.

Some companies applied an upper limit to the normal life of a batch
eoZe 1 year's supply and one company elso fixed a lower 1imit to the life
of a batch, e.g. 6 weeks supply.

5. DIFFICULTIES IN ABSESSING VALUES OF U,., A. IT. R.

.t

From the replies received companies appear to experience little
difficulty in general in assessing the values of U (Unit Cost) and A
(Set up Cost), though it was often pointed out that assessing and entering
thiz information on the appropriate cards would involve considerable clerical
effort which would have to be justified by associated savings. There appears
to be conflicting opinions as to whether U (the unit labour cost) and
A (the 8t up cost) ~ should have overheads added to them. In Part IV
of this report an analysis of overheads has been made, and reasons advanced
for the inclusion of normal overhead rates in the values of U % and A,

However, it appears that the asscssment of T (the percentage rate on

the value of stocks for stock holding charges) causes companies considerable
difficulties. The value of I in the various firms ranged from 8 to 16%,
each company having one value, except in one case, where the valucs of T
varied in intervals of 2%. 4 qualitative analysis of the method of assessin
I has been included in Part IV.

2

production, steted that it was difficult to assess the value of R (the annual
rate of usage). Also it was steted that, even when an average annual rate
was known, considerable scasonal verdations occurred which would make a
tniversal allmthe-yeor-round application of a formula for Beonomic Batch

Size inaccurate and inpracticable.

Certain companies, particuloarly thosc engoged in job and small batch
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DPART III. FACTORS AFFECTING THE DETIRMINATION OF AN

6., INTRODUCTION

It has been suggested that the size of a batch which is most economic
from an overall compeny view is not necessarily the quantity with the
minimum total unit cost including set up and holding charges, Other
factors such as -

The rate of return on capital cmployed

Flexibility of the composition of a company's stock
to meet changing market conditions

Keeping stocks of components forming asserblies in
balance with one annther

sometimes makes the quantity with the best economic gain a different
guantity than the Minimum Cost Quantity.

Further factors mey limit the size of the batch to quentities smaller
then the Minimum Cost Quantity, e.g.

are
VT

Insufficient Capital to finance the Minimum Cost Quantity.

The Minimum Cost Quantity may be so larze as to employ

the available capacity of a machine group for several weeks
causing deleays to other products, and thercby increasing
delivery dates and increasing work-in~progress.

This part of the report considers these and similar factors end shows that,
except in a few cases, the most suitable economic batch size is less than
the Minimum Cost Quantity.

The effect on total unit cost of increasing or decreasing the Minimum
Cost Quantity has been investigated, and o formula has been derived as set
out in Appendix 2.

7. PACTORS MAKING THE ECONOMIC BATCH SIZE DIFFERENT FROM THR MOVIMUL
COST OUANTILY

The factors which make the Economic Datch Quentity different from the
Minimum Cost Quantity can be classified into three groups -

03

(a) Pactors which make the Bconomic Batch Size above the Minimum
Cost Quantity.

(b) Pactors which mokc the Economic Batch Size below the Mindimum
Cost Quantity.



(¢) Pectors which make the Rconomic Batch Size either above or

below the Minimum Cost Quantity according to circumstances.

(a) Pactors which make the Economic RBatch Size above the Minimum Cost Quantity

(1)

(b) Factors which make the Feonomic Bateh Size below tho

p—

Insufficient facilities to deal with the number of Minimum Cost
Quantity batches for 2 given annual rate of usage, The number of
orders required, say, for each bought out component to be ordered
in Minimum Cost Quantities may be such that two or three times the
existing purchasing office facilities would be required. Although
theoretically the provision of sufficient facilities is Justified,
these facilities may not be made available easily owing to
building limitations, local labour conditions, ctc. Hence batch
gquantities larger than the Minimm Cost Quantity will have to be
accepted, Similarly, insufficient Production Control, Inspection,
and Accounting facilties or skilled operetors may limlt the number
of batches, and hence batch sizes will have to be lerger than

the Minimum Cost Quantity. Purther, existing machine capacity may
be insufficient to permit setting up for the number of Minimum
Cost batches together with wnit monufacturing time, and again a
smaller number of set ups only will be possible with larger

batch sizes than the Minimum Coszt Quantity.

These restrictions should be regarded as short tcrm, as steps
should be taken to dncrease facilities,if the increased costs
and continuous demand arc such as to Justify the facilities
being increased.

Company with under employed copital. When a company has capital

not being used (as distinct from Bank overdrafts) then the
additional cost to the company of using this capital is nothing,
Hence, under these conditions, the volue of (I) will be reduced
and a larger Minimum Cost Quantity will result. It is obvious
that this condition will only be a temporary one, for if the
under-cmployment of the company's capital is likely to continue
for some time, then the under-employed capital would be invested
elscwhere,

Thus it can be scen that a batch size will only be above the
Minimum Cost Quantity in two special cases, one of a very short term
nature, and the other perhaps on a longer term according to the
ability of a compeny to increase the appropriate facilities.

Minimum Cost Quantity

(1)

Rate of return on capital coployed., As cen be scen from Table A
in Appendix 2, quite a substantial rcduction in the Minimum Cost
Quantity will couse only & very small increasc in the total unit

cost. TFor example, a 20% rcduction in quentity from the Minimum




Cost Quantity (i.c. & batch 80% the size of the Minimum Cost
Quantity) will cause only a maximum increase of 1.250% in cost.

Now, if the profit on an ar'mole is, say, 25% of the Minimmum
Total Cost, the Minimum Cost Quantity lasts one year, and the
average Gd.pl‘t;.i.l invested is half the Minimum Cost Quantity,
then the annual rate of return on the capital invested in stock
will be 3
0.25 % Minimm Gost x Minimum Cost Quantity x 100%
Minimum Cost x Minimma Cost Quantity x 0,5

= 50’/'1;

However, if the batch size is reduced to 80% of - the Minimun Cost
Quantity then the minimum profit per article will be 25 = 1.2 5%
or 23,75% the Minimm Total Cost. But the reduced batch will
only last 0.8 of the year, and therefore the annual rate of
return on capital invested is:

23,75 _x Mininum Cost x m:unmm Cost OQuentity x 100%
T.,0125 x Minimum Cost x 0.0 Minirmm Cost Quantity x

or 58.64% minimum, and this percentage could rise to nearly 62 G

Thus a smaller batch size tharn the Minimum Cogt Quantity will
provide a bigger profit return on the money invested in stock,
and hence this smaller batech size is more economic from an
overall company financial view.

However, the situation set out ebove only takes into account

the money invested in stock and ignores the capital invested

in machinery and other facilities necessarily reguired to
manufacture one article, TFor example, consider a company which
makes an article for £1 when it makes 4,000 in a batch, this
quantity being consumed in one year, and makes the same article
for £1. 1. 0. when i1t makes 2,000 in a batch lesting helf a year,
The article is sold for £1. H. O,

If investment in stock only is considered, then on the same
basis as above the rate of return on the 4,000 batch is

56 ?)/g ?: i‘ggg or 50%, end on the 2,000 batch :
@ ?

L/- x 2,000 26 1%
50 % 045 % 2,000 x 1.05 X % ¢

Under these conditions cleerly the 2,000 batch 1s more profitable,

However, if the capital invested in machinery is included,
say £10,000, then the 4,000 batch has a rate of return of
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L/~ x 2,000
20 x 10,000 + 0.5 x 2100 | %

Thus a different resultl is o’otumcd if capital inve stecl in
plant and facilities is included, Nevertheless s Tthere is a
size of batch somewhat smaller than the Minimum Cogt Quentity
which gives a higher rate of return vhen all investment is
considered, and further research is necessary to find
equations for this batch size.

(ii) Copitsl Limitations., Then a company has insufficient capitel to
finance the Minimum Cost Quantity then it has to accept a
smaller batch., It can be seen from Teble A in Avpendix 2
that &f every batch is reduced to 70% of the Minimun Cost
Quantity the resulting rise in total unit cost is only
3.21% moximum, and in practice for the average company the
resulting rise varies from 0,5 to about 2.5% for individual
conmponents.

Flexibility to meet chonging morket conditions. TFor certain
products the Minimum Coqt Quantity may be so LLI'LG that the
time to consume it is longer than the time that the demand

for the product is likely to exist, This may well apply

to seasonal end feshionable goods, and to items in an industry,
with rapid technical development.

|

e

XX
p—

It is suggested that the size of he*u batches is reduced to
a quantity that will be consumed shortly before the vproduct

is out of’ fashion or has been superseded. If the reduction

in batch size is such that the percentage increcse in cost is
significant, consideration should be given to adjusting the

selling price, or in extrene cases consideration may have to
be given as to the advisability of continuing menufacturing

and marketing the product,

(iv) ZIncrease in Work-in-Progress. The size of batches, in certain
ingtances, may be so large as to occupy the available
capacity of particular processcs for long periods during their
nanufacture, often several weeks. Other products which mey
require these perticular processes therefore, may be delayed,
and hence increase the work-in-progress of the compamy.

This increase may be to a level which more than offsets any
corresponding gain in reduction in cost by monufecturing the
Minimum Cost Qu&nti“ty of a particulor component or product,

In addition to large batches of a product dc.*.ayj.ng other
products and increasing work-in-progress, if the product
tokes a long time to manufecture and spends only a comparatively



short time in stores the mejor holding charges will be
incurred during the Work-in~progress period,

Further research is being carried out on both these aspects
of the effect of Work-in-progress on Economic Batch Sizes,

(v) Technical Limiteations, The life of = set up in some cases
may not last the life of a batch, e.z. the necessity to
resharpen tools, with consequent resetting of a machine, and
hence increased setting costs may be incurred aftcr a certain
point., Thus the size of a batch may be limited to the life
of a set up, unless the additional cost of sharpening
is so small in relation to total cost of set up that the
consequent slight increase in Minimum Cost Quantity is Justified,

(¢) PFactor which makes the Economic Batch Size either above or below
the Minimum Cost Guantity

The quantity of a component, which is incorporated in only one or
two final products must be dirvectly related to the quantity of the
final product being menufactured, otherwise insufficient or surplus
components will be made, It may well be that it will be cheaper 1o
adjust the Minimum Cost Quantity to a multbiple or sub-multiple of the
final product guantity then to manufacture one or more Minimum Cost
Quantity batches, and then to manufacture a smaller supplementary batch
to complete the quantity for the final product. If such adjustments are
Justified, they should be made by menufacturing the quantity which will
give the least increase in cost over the Minimmm Cost; e.g. if the
Mindimum Cost Quantity is 100, approximetely the same percentage cost
increase (mex, 3.(7?75) will occur if the batch size is 71 or 142 (obtained
from Teble A, Appendix 2), Thus if the final product quantity is 150
and there is one component per final product, then it will be cheaper
to make two batches of 75 than one batch of 1503 conversely if the final
product quentity is 130, probably it will be cheaper to make one batch
of 130 than two batches of 65, Further research is required in this direction,



8, SUMMRY OF THE EFFECT OF AUT'RING BATCH SIZES AWAY FROM TER MINIMUM
COST QUANTITY

Thus, from the forcgoing, it is clear that, in general, the batch
size which gives the best financial and economic gain is less than the
Minimum Cost Quantity, as the consequent increases in total unit cost
is small and may be more than offset by corresponding cdvantages of
bigger returns on capital, reduced work-in-progress and grecter marketing
flexibility.,

The excepticns to this genercl rule that the Bconcmic Batch Size
is smaller than Minimum Cost Quontity occur under conditions of
insufficient manufacturing or office cepacity to deal with incressed
numbers of batches, and occasionally the 'vounding off' of batch sizes
to multiples or sub multiples of final product quantities.

Much research remains to be done to be able to calculatc the correct
reductions to the Minimum Cost Quantity, or to produce new formmleae to
take dnto account reductions in work-in-progress, flexibility for
marketing etc,

In the meantime, companies may reduce their batch sizes considerably
below the Minimum Cost Quantity provided they are aware of, and can
accept the small increase in Unit Total Cost, as shown in Appendix 2.

However, when considering the permissible percentage increase,
companies will no doubt reclise that an increase of say, 3% on the
total cost may have to be set off against say a 104 profit rergin
limited by competition, etec, Under these conditions the reduction in
profit would be 30% .

The capital made aveilable by reducing the size of batches may well
be used for other purposes such as improved manufacturing facilities,
soales promotion, research, ete.
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PART IV, THE ASSESSMENT OF THE VAIUES OF U,, A, I.

s,

-t’

9., INTRODUCTION

In order to avoid calculating misleading velues for the Minimum
Cost Quantity, the right quantitics must be given to the terms U
(unit total cost) A (set up cost) and I (cost of holding charges
expressed as a percentage). There appears to be no gencral agreement
as to what thesc terms should include; and there is considerable doubt
as to what is their gquantitative value.

This pert of the report endeavours to clarify what these torms -
should include. The first half shows that overheads should be included
in U, end A; snd that, if the rate added to U (the unit labour cost)
and & is the normal product on~cost rate, the resulting error in the
Minimm Cost Quantity produces only a very small and normally acceptable
increase in total unit cost (seldom sbove 1% and generally below %) .

The sccond half deals with the various components of the holding
charge I, expressed as a percentage on total menufecturing costs,
and suggests methods of assessing the various percentages Tor interest
on capital, insurance, physical deterioration, obsolescence and
storage, It further shows that under certain conditions an upper and
lower limit to the batch size should be fixed, and if the calculated
Winimum Cost Quantity falls outside these limits then the limit velue
should be the correct batch size.

Section 1, THE INCLUSION OF OVERFEADS IN UNIT TOTAL COST AND SET UP
COSTS WHEN CALGULATING MINIMUM COST QUANTITIES,

10,  INIRODUCTION

Differing views are held as to whether on-cost rates to cover
overhead expenditure should be added to the labour cost for setting up
for menufacture,end also to the labour and material cost for menufacturing
esch unit after set up when using the formula 200 AR . Some companies

U, T
consider that overheads arc already accounted for if the costs of
isguing paper work, progressing orders, etc, are included in set up
costs, and hence an on-cost rate should nct be incorporated in the
values of A and'Ut.

In the following paragraphs overheods are analyscd and classified.
The theoretically correct overheed as well as the normal product on-cost
rate is added to set up and unit menufacturing lobour charges, and the
resulting Minimum Cost Quantities compared. The cost of the crror
in batch size is shown to be small,



11, GROUPING OI' OVERIEADS

Tr considering the question whethor overheads should be included
in the values of 4 and U,, it is nccessary to conmsider vhot items are
covered in these overheads., These items can be grouped for the
pmmmwsafﬂﬁsimmsﬁgﬂﬁmxﬂﬁot&eeckmmm HES

(2) Overheads which are incurred both during set up ond during menufacture
of components aftcr set up.

Cortain items of overhead cost will be incurred whother the machine
(or operator) is cngaged in setting up or in manufocturing components
after setting up, c.g. cost of machine depreciation, heating of factory,
erployee insurence, porticn of holiday pay, supervision, salaries, etc.
The cost of these items are normally recovered on an hourly basis by
dividing this total cost by the total number of operating hours during
which this expenditurc is incurred.

However, as an alternative, the on-cost rate could be based solely

on time for menufacturing a component after sct up. This arrongenrent

would regquire

i. An estimzte of the time spent on component manufacture after
set-up as 2 percentage of the total time of employment of the
machine or overator, in order to obtain the nuuiber of hours
over which the expenditure should be spread, This percentage
will be affected by the number of batches of components for
a given total manufactured quentity. Such an estimate vrould
e difficult to make and could lead to a large over or under
recovery of ovcrheads

Double the amount of time booking for each batch, i.e. ON-OFF
for setting up ond ON-OFF for menufacture after set up compared
with ON-OFF for total menmufecturing time, This increase in
time booking would increase the time spent unproductively and
increase the expenditure on costing.

e
e
°

herefore it would eppear that the normal method of computing on-cost
rate should be adhered to, and under this method it .is clear that ot
least a portion of the overhcad cost must be added to both sct wp end
menufacturing costs when calculating batch sizes. This portion is
referred to as 'B! and the overhead items in this portion arc listed
in Lppendix 3B, On first analysis this portion appears to be 70 - 85%
of 211 overheads.
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(b) Overheads which are incurred solely in issuing, progress r
completing each menufocturing order.

H.
k3
(3
o
A
oY)

Certain items of overhead expenditure are incurred solely in
issuing, progressing and completing monufecturing orders. The cost
of these items bear no relation to time of set up for any individucl
order, but arc related to the number of manufacturing orders. Honce
when computing on-cost rates for the purpose of calculating Minimum
Cost Quantities, these items strictly should be taken out of overheads
and an average cost for these iltems added to the labour cost for each
sct up. This portion of the overhead is referred to as 'C! and a
list of these overhead items is shown in Appendix 3C. First analysis
shows this portion to be abeout 4 to 14% of all overheads.

A major assumption is made, when giving a rate for costs associnted
with each order in that these costs will very divectly with numbers
of orders. Thus, if orders are reduced or increased, corresponding
reductions or increases will be made in staff, stationery, etc.
associated with issuing, progressing end completing ordcrs.

(c¢) Overheads which arc incurred when mechine is monwfacturing
after set up is completed.

Certoin items of overhead expenditurce are incurred in running the
machine (or operator) to menufacture the componcents after set up is
completed. These overheads are incurred on o time basis, c.g. power,
grease, etc. This portion of the overhead is referred to as 'D' and
a list of the overhead items concernced are listed in lppendix 3D and -
appears to be about 7 to 17% of all overheads.

12. COMPARISON OF USING DIFFERENT 'ON-COST' RATES IN CALCULATING
MINTMUM COST QUANTITIES,

(a) Necessity for different rates for internally mamufoactured itoms
and bought out items,

o

The first analysis of overheads shows that the major portion
(70-85%) of these overheads cover items which are incurred whether the
machine or operator is sctting up or manufacturing items after set up,
and the smallest portion (4-12%) of these overheads are for items
related to the issuing, progressing sand completing of an order, From
this preliminery analysis it is clear that overheads in general cennot
be neglected in calculating Minimum Cost Quantities for internally
manufactured items,

However, where the component is o 'bought out' item the overhead
incurred are solely of the C type, and hence in these cases the cost of
'set up! is solely the cost of placing progressing, trensporting,
receiving and paying for an order.



Thus when computing Bconomic Manufacturing Quanti"‘ci"m and Bcononmilc
Ordering Quantitics the value for Ysct up! cost will be different for
internally manufactured items and bough 't out items.

() Correct valucs of on-cost rate and order cost to be zdded to lebour
cogts for internally manufactured items.

The correct values of on-cost rate and order costs to be added to
lebour set up and menufacturing costs are as follows -

(1) On—cost rote during sct up and Order Cost

On~cost rate !
during set up - T £

T
Order cost = f?:&;

&)

EA

vhere B is the ratio : overhead costs in Schedule B
HEEE Ae TATL0 Togal Ovorhead Cost

H is  the total overheads in the overhead budget
period

T t is  the total number of operating hours in the
overhead budget period

overhead cogts in Schedule C
Total Overhead Cost

C is the ratio

N is the number of orders issued ner machine/
operator in the overhead budget poriod

(1) Onmcost rate during wnit renufrchuring time

BH DH
On-cost rate = = + '“f‘f}“%“
e

.

the ratio overhead costs in

chedule D
Cs

ok 0

where D s =
Total Overhead Cos
T dis  the total nurber of unit menufacturing hours

i
m
in the budget period during which the costs

in schedule D are incurred
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(c) Comparison of using corrcct on-cost rates, order cost and product
costing rates in computing ratio A

A T
J‘b

(i) Ratio f‘

T using theoreticslly correct on-~cost rates and order cost

t
BH CH
, T (L + = ) + W
% = B'C-Tﬂt DH ¢o 00 (1)
£ AL+ E+F) + M
t m

where T is the time for sct up

Tu. is the time for wit manufacture
L is the direct labour cost per hour
M dis the component matcerial cost
. . oan . unit manufocturing time
Mow let T =T, i.c. m is the ratio T v
m t total operating time

=
1t

nT, i,e, n iz the number of ordcrsissued per
machinefoperator per hour

R e

Z= = R 1l.¢, R = normal product on~cost rate

T(L+BR)+~§R
s T w

Then o= cecen (2)

t D(L+iB+2R) +u
u : me

- s o b . . ,
(ll) na‘tio-;:-} uging normel product costing on-cost rate
t

. TS(L + R)
T T (THE) +H

edabo (5}

= 1o
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Percentage Error in Minimm Cost Quantities using normsl

product costing on-cost rates in lieu of theorctically
correct rates.

0 _incorrect — O corrcct

o7 =
% Error = 0 correot x 100
where Q = Minimum Cost Quantity
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Let R = YL where Y is the ratio of

it

% Error

]

o'e % Error

M
Now let Ix.z Tﬁ

Teking values :-

Error =

overhead cost
direct labour cost

....... o b WA e . b e A b . - 44

L+(B+3)1E+‘m

M

m

Land 15{0,
on the bamis of using the product costing on-cost x

= 1

= 1

1. the Minimum Cost Quantity calculated
cate is 157

100§ J + AL 5 - X 4 i u -1
\-.‘,‘L*'(B%'wﬁf)m L+YL+%§===
50 S o
u
j . ?‘r — ‘\.‘
[ 1+ (B+ %)Y + :
: / N 193 e }
100 =ttt x . g
. [ 1T+ Y+ 755
S 1+ (B + ﬂ-)z T :
s
unit matberial cogt
unit direct lebour nmufauturlm cost
!; ;
.y 1+(B+“)15K2
100, j= 1+ 7%+ K, =1
P i1+ (B o+ W)Y - 2
' S I
= 0‘7
= 0,1
= 0,15
= 0075
= 2
= 0,125 i,e, One order every 8 hrs/machine

smaller than it should be if the theoretically correct on-cost
rates were used; and it would appear to be rare that the incorrect
economic menufacturing quantity will be more than 20% smaller or
8% larger than the correct quantity when using the proper on-cost

rates.
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It is suggested that individual companies should calculate their
own errors and declde whether such errors are significant, bearing in
mind that, owing to the flatness of the cost curve around the Minimuwm
Cost Quantity, very small differences in ‘total Unit Costs occur
for fairly large variations from this guantity from Teble A Appendix 2.
20% decrease in Minimum Cost Quentity will cause a maximum increase of
1,25% on total Unit Costs and 8% increase in Minimum Cost Quantity
will cause a meximum increase of 0,17%.

Section 2, ASSESSMENT OF THE VALUE OF I,

13. COBT OF CAPITAL INVESTED TN STOCKS

Vhen consildering the percentage on unit mamnufacturing cost to
cover capital interest charges included in the holding charge percentage I,
it is necessary to consider the cost to the company of having capital
invested in stock. Set up costs, dircct labour and material costs
are actual monies paid out by the company. and so, therefore, must be
the cost of interest on capital invested in stocks,

There stocks have been financed by increasing the company!s Bank
overdraft, then the cost to the company is the Bank intercst rate
multiplied by the capital invested.

However where the capitel has beern found from intcrnal rescurces,
the company must decide what it has cost to use this money. This cost
may vary from nothing when the company leaves capital idle if such
capital is sufficient to cover the investment in stocks in question,
through Gilt Edged investment rate when the company invests its surplus
temporarily in Gilt Edged stocks, to loss of ecarning power if invested
in Jmomm alternative and available procduction programmes and facilities.

This rate of interest can only be decided by the corpany concerned
knowing its future capital investment plans over the periocd in guestion.

1L, 0OST OF TNSURANCE

his is a straight percentage on the value of the stock and is
normally very small,

e}

15, COST OF STORAGE - TNTRODUCTION

When considering the cost of storage in caleculating Minirmum Cost
Quantities this cost is solely the rent, rates, maintenance, heating and
lighting of the space occupied, The cost of any labour associated

with the receipt and issue of stores is not included in the cost of
storage, as receipts are associated with set up costs, and issues lepend
on the bateh size of the next store of asserbly or rate of use. These
labour costs have been included in overheads.



(2)

()

()

The provision of storage facilities can be of throc pes -

Fixed storage space which is provided whatever the batch quentity and
whether any stock is held or not, e.g. bins in racks allocated
to specific items.

Storage space allocated to a product in proportion to the batch

size, this space remaining allocated to that product until the

bhatch is exhausted, the area then being allocated for other purposes,
€egs items placed in marked off areas of a store, or storage space

for a product speczully rented over and gbove normal fixed storage

facilities.,

Storage space which reduces as the batch is consumed, e.g. items
stered in a stack of standerd pallets which, as puilcts are emptied,
these pallets are used for other items and returned to the pallet
stack,

CALCULATTON OF MINIMUM COST QUANTITIES UNDER VARYTNG STORAGE CONDITIONS

Calculation of Minimum Cost Quantity when storage space is fixed
irrespective of gquantity

Where storage space is provided, irrespective of size of batch
& s »

no additional storage costs are incurred by increasing the size of a
batch quantity. In these cases the percentage on total unit costs fov
storage can be ignored when calculating Minimum Cost Quantities.

()

Calculation of Minimum Cost Quantity when storage spoce is allocated

in proportion to batch quantity snd remains allocated until batch
is exhausted

Let S be the unit storage charge per year.

Then let total cost for batch quantity Q1 =

kF
I
V, = (& + 0,001 + ==L 0. ok
1= ) 5o E) * SYTE
ATQ, + UIQ° si
Vy=d s Up Q + =555~ +°%
- 20080
s » Unit cost = Q? + Ut + Soon * TR
. dgost _ oA, Dyt 008
. aQ, T2 200 R
<
For minimum Qngggl = 0
aQy
. I _DOOAR™ (
e 8y =TT + 2008 vesee (1)

I



(e¢) Calculation of Mininum Cost Quantity when storage svace is allocated
in proportion to batch quem_’c:i_.jyvbut reduces as batch is consumed

As before let S be the unit storage charge per year.

Then let total cost for batch gquantity @ =7V

2
e, Q
. 2
T, = (4 U@ (T + g + 9, x5
- '2004R
Similaxrly Q2 = Uti T00S snene (2)

(a) Simplification of formulae 1 and 2
S

Let IS be T eont x 100%
eI = e 3400 | veees (3)
S £ 4U
Q t

If 4 is small in relation to Ut and con be neglected then Equation 3

Q

becomes Ut I

S — e s TS

100

and equations 1 and 2 become respectively

Gy = (I+I)

Thus in certain cases a percentage rate for storing items can be aodoc”:l
to the other holding charges.

17. STORAGE DURING MANUFACTURE

Certain batches are restricted in size owing to shop floor storage
facilities being insufficient to accommodate a batch or would cause
undue congestion. In these cases a limit must be placed on the batch
size, this limit being independent of storage costs,



18, RESEARCH INTO THE VALUES OF STORAGE COSTS

It is suggested that a research is made into
(el

(a) the division of products into the threce types of storage costs

(v) the value of 8

(¢) how ofton-é can be neglected and hence storage costs can be
trested as a direct percentage to be added to other holding
charges.

19, COST OF PHYSICAL DETERTORATION OF STOCK - INTRODUCTION

Deterioration of stock is the rendering unusable of a product
through evaporation, oxidisation, or other physical or chemical change.

Products very widely in their suscepbibility to detioration and
can be classified accordingly.

20, CLASSIFICATION OF DETERTORATICH OF COMPONEIT

(2) No Deterioration

Certain items will not deteriorate at all, or only after a period
several times longer than the life of a babtch. Such items should not
y)

bear any percentage of total bateh cost for depreciation,

(b) Constant rate of Deterioration

Some itéms deteriorate at a constant rate, e.g. cvaporation of
o0il held in storage tanks. These items should bear a constant percentage
of total batch cost for detecriocration which may be added to the holding
Charges.

(¢) Deterioration causing Rejection after a Given Period of Time

Other items deteriorate slowly, often not noticeably, and insufficiently
to cause their rejection. QOwovcr, after a period, a second stape is
reached where the deterioration is enough to cause the rejection of some
of the items, and in a short period the whole of the items remaining
in a babch will be rejected, through deterioration.

It is clear that for thesc items no deterioration charge can be
applied to the ecarly period, but the sgize of the batch must be limited
so that wder normal consumption rates there will be no items remaining
in stock at the start of the second period,



Thus for these items no percentage of total cost for deterioration
ghould be added to the holding charges but an upper limit to the batch
quantity must be imposed.

(d) Deterioration rate altering with time

Products like perfume, fine pharmaceuticals, etc., may deteriorate
slowly at first, and then deteriorate more rapidly with incrdase in time.
It ig difficult to apply a simple calculable formula to provide for the
deterioration of thesc products, and it is suggested that a constant
rate for deterioration is included in the holding charges percentage
rate I with an upper limit to the batch size.

-
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(Time proportional to batch size)

If the time to consume the calculated Minimum Cost Quantity is shorter
than the time to reach the upper time limit, then the correct percentage
rate for deterioration (represented by the slope of the dotted line on
the graph) which should have been applied is smaller than the actual
rate (represented by the slope of the full line) applicd in the formula,
Thus by epplying this larger rate a smaller batch size has becon obtained
than should have been the cese., Investigation in individual companies
would show whether this reduction is size is significant,



21, SUMMARY OF METHODS OF ACCOUNTING FOR DETERTORATTON

)

It will be seen that deterioration cen be accounbed for as sch
out in the table below :-

Percentage added to Upper limit
holding charges _imposed.
a. No deterioration No percentage applied Mo limit
b. Constant rate of deterioration Percentage applicd No limit
¢. Deterioration causing rejection No percentage epplied Limit applied
after a period of time
d. Deterioration rate altering Percentage applicd Limit applied

with time

Thus deterioration can be covered by adding a percentage to holding
charges and imposing an upper limit in certain cases.

22, THE COST OF OBSOLESCEICE OF A BAICH - TNTRODUCTION

A cost has to be allowed for a bateh becoming obsolescent due to
any remaining products in thet bateh no longer being required through an
unforscen fall in demand of the product or supersession by another
vroduct,

It would appear that this cost can be cstimated only aiter
consideration of two factors s

(2) Tne possibility of a batch of the product (or portion
thercof) becoming obsolescent

(b) The cost of disposing of the remaining products of an
obsolescent batch,

2%, THm POSSIBILITY OF A BATCH BECOMING OBSOLESCEIT

4 Dbatch, or portion thereof, will only beccome obsolescent when
the demand f 1lls '“cmectuily, or technical developments are uwimown to
the stock plarmmer at the time of ordering the batch,

s

]

If it is known that a oroduct will he replaced in o g;;ivcn time,
then obsolescence should not occur if the size of the batch is ca
to be consumed by that date.

It would apvear reasonable to assumc that the longer the time the
A 2 g L)

product has been in service the larger is the risk of obsolescence oceurring
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(with the probable exception of highly standardised componcnts €.g.
nuts and bolts).

However, it is possible that a higher risk of obsolescence may

occur immediately

in service.

Thus the possibility of
by a curve of

to be given

“escent

#

% Possibility of a

the shape:

i
i

N
1]

Increasing risk of obsolcscono;

through leck of demend | /

Risk through
xlhck of demand

e b ut I WAl S

i
b

after the design period until the component is proved

a batch becoming obsolescent would apnear

to 100%

Date of
sintroduction of
" known replace~

ment

Months from date of design““““““¥“

component becoming obsol-

Obviously no quantities or scales can be applied to the axes of
such a graph without considerable rescarch, and special consideration
would have to be given to seasonable and short life fashion and similar
goods. Industries with a high development rate will have in general
components with a shorter x axis than components in a more stabilised
development industry.

As a corollary it is clear that the larger the batch and the
longer the life of that batch, the larger will be the risk of obsolescence
occurring during the life of that batch,

2L, ALLOWING FOR OBSQLESCENCE WHEN CATCULATING MINIMUL COST QUANTITTIES

Normally a product should become obsolescent only once during
its life, i.e. at its end, and therefore an actual cost of a product
becoming obsolescent will only occur in one batch,

A reduction in the size of each batch will reduce the cost of
obsolescence when it does occur. However if one applics this rcduction
to cach batch of the product then the total cost of each unit of product
will be increased above the minimum cost as showm in Appendix 2.

Thus the total saving in reducing the cost of disposing of the remaining
products of an obsolescent batch must not exceed

s (x-1)°

where n is the total number of

x Q tlmQS*S -
5 batches of quantity = produced
= na(x - 1) since the design of the product.
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Then & component becomes obsolescent three methods exdst for disposing
of the remaining products:

(2) The remaining products may be scrapped
() The remaining products mey be consumed but at a slower rate

(¢) The remsining products may be used at the same rate but
the value of the product may be the same or less.

It is not yet clear how the reduction in batch size, the various mothods
of disposal and the possibility of obsolescence oceurring are related.
Basic, as well as quantitative, rescarch is required to determine the
method of allowing for obsolescence when calculating the Mindimum Cost
Quantity. It is suggested that for the time being the prectice is
continued of including a small percentage for obsolescence in the

holding charges percentoge rate I, together with stating a date after which
components should not be held in stock,

o5, SUMMARY OF DERCENTAGHES TO EE CONSIDERED IN OBTATINING THE ITRCIH NTAGE
VALUZ OF I FOR TOTAT STOCK HOLDING CHARGES

ey

Tt hos been seen that the vercentage to be appliced for I the
holding charges in the Minimum Cost Batch forrula is made up of a

() Rate for insurance

(b) Rate for storage, with upper limit to size of batch imposed
if necessary

(c) Rate for deterioration, with upper limit to size of batch
imposed if necessary

(4) Rate for obsolescence, which increasss with time, occasionally
7ith dete beyond which stocks should not remain

(e) Rate for capital interest charges.

The first three percentagés will not change during the 1life of the
design of the product but the latter two may alter. It is suggested
that o, b and ¢ are amalgomated and stated on the stock card together
with the lower of the two upper limits when necessary.



PART V, MATHODS OF OBTATIVING THE MOST SUITABLE ECONOMIG BATGH QUANTITY

=t

26, STAGHES TN CATCULATING AN ECONOMIC BATCH SIZH

From the foregoing parts of this report, and the present state of
knowledge, the steps in obtaining the most suitable economic batch size
for a product or component appear to be :-

1. Calculate the Minimum Cost Quantity

2, Celculate the maximum reduction of the Minimum Cost Quantity
which has an acceptable cost increase, if the company is
endeavouring to reduce its capital invested in stock, or
wishes to reduce its Work-~in-Progress or reguires greater
flexibility of stock holding

3, Check that the final calculated quantity is within any limits
of batch size imposed for the product; and if outside the
limit apply that limit,

27. ENFECT OPF AVATTABIE MANUFACTURTNG AND OFFICE FACTLITIES ON BATCH SIZE

It has been shown that existing facilities may restrict the number
of batches that can be ordered for any given total quantity of output.
Thus, before installing any method for ordering Minimum Cost Quantities
or suitable Bconomic Batch Sizes, 1t is advisable to calculate the
estimated increase or decrease on the present number of batches which
will occur by the introduction of calculated Minimum Cost Quantities or
Beonomic Batch Sizes,

It is suggested that a representative sample of components is taken
and Minimum Cost Quantities calculated for each. Hence for the same
output of the sample components, the nwiber of batches required for
caleulated Iinimum Cost Quantities cen be compared with the existing
number of batches and a ratio of reduction or increase on present orders
obtained, Hence any necessary alterations in facilities can be planned.
If no alterations are possible, or during the alteration period, if
necessary, generel adjustments may be made to all batch sizes e.g. all
batches should be half ($wice ete,) the calculated Minimum Cost Quantity.

ATION REOUIRED TO CALCULATE ECONCMIC BATCH QUAINTITIES

28,  INFOI

As has been seen, the factors required to calculate Iinimum Cost
Quantities, and the denominmator in equation 6 Appendix 2 to obtain a
reduction in batch size for a given permissible percentage of increase
in total unit cost are : '

A The set up cost plus overheads

U, The utnit manufacturing cost, manufacturing labour
overheads and material



holding charges expressed as a percentage of
the set up cost and wit manufacturing costs

=
3
oy
&)

R The annual conswmption of the stock

The component or product stock card should thercfore have a secticn
on vhich A, U, and I are entered; end as A  will not alter during the

t =
U
t
life of the component as long as nc major ﬂltera*{;icm to overhead rates
occur, 4 can also be stated, thereby reducing per: ranently all subsequent
U
t

calculations of Minimum Cost Quantities by one step.

I‘ur'tner, any upper or lower limits should be entered on the stock
card with the appropriate reason

e.g. Storage ldmitation

Deterioration limitation

Workw-in~Progress limitation

29, METHODS OF CALGULATING MINIMUM GOST QUANTITLIS AND BCONOMIC BATCH
QUANTITIES

There are four main methods of obtaining Batch Quantities -

a, Direct Calculation
b, Use of Nomographs
c. Use of Tables

d, Use of Graph

a, Direct Calculation

A1l batch guantities can be calculated direct using logerithms
tables, cor slide rules, However this method is slow and senerally beyond

the capabilities of normal stock clerks,

b. Use of Nomograms

Nomograms cen be used to ‘evaluate Q and from this the value of

e —

: "200R Uy, T
L ford 2 ‘ e ] e R a7 Tn e "b ~a'~‘«1@ 7;' -t - ien ~1m' \1
< + T + 5508 Jt can be obtained (the denominator in the

equation P = LM‘H“ giving the increase percentage in cost for a

s

given reduction in size of the VNinimum Cost Quantity).

No fewer calculating stens will be made if a separate nomogrem is
provided for each value of I, The total nurber of nomograms necessary
will be of the order of 50 at the most, if values of I arc increased in
integers, A maximum 8 to 10 nomograms will satisfy most companies,
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However, in order to simplify the nomogram for estimating Q, a nomogram
has been dusmned to give an estimote of the velue of the order ie. @ U
called Q

f 7z
A, 200AR x Uy 1 o004 Value of Annual
Thus Q. = @ x T —,’ = | ===  x .
v Vf iy % . I Consumption
Let Value of annual consumption = V.
(2002
. . L 25N
and m = /7T

This nomogram is shown in Appendix 4.,

g

Thus Q is estimated by caleculating m and V. 5 and joining these points on

their rx_.Sp(,CJCJ.VL scales, The value at which this straight cuts the Q_ scale
gives the required value, Q v
The order quantity ¢ can then be obtained by @ = ITY .

t
£ it is required to reduce the batch size below the Minimum Cost Quantity,
a second nomograph can be used which, for various values of K, will give

ther
‘0
the rcc“mcblow. in batch size x for a given per*mwsxble percentage :mcrease in cost,

o

The Economic Batch size can thus be obtained by multiplying the Minimum
Cost Quantity by the appropriate factor x and subsequently checking on the
stock card that no limits have been exceceded,

¢. Use of Tables

Tables can be used for the determination of both Minimum Cost Quantity and
the reduction in stock for a given permissible increase in cost. In addition,
it is possible also to show for any Minimum Cost Quantity the time to consume
thet quantity.

Normally tables are designed to obtain one value from cross referring to
two others., Thus, to obtain the required batch size, it will be necessary to
take four steps:

A

Step 1, From tables of Ii;—— against I the value 62—0—9% can be obtained,
2004

Step 2, Fron tables of againet R the I'v:munwuﬂ Cort Quantity can be

e U, I°
obtained, and as each Qu.mtltstf in the tsble is asgsociated with a rate of
usage R then the consumption time of that quantity can also be shown,
. . 4 . Ty o 4
Step 3., FPFrom tables of Q against T the value of K = (2 + =t W )
can be found, t t

Step L4, From tables of K and x, the reduction in 51ze of‘ the Minimum Cost
Quzmtluy the percentage mcreasa in cost can be obtained.

However, if separate tables are available for each value of I, by cross
referring to 4 and R the three values, Minimum Cost Quantity 200sR , the

U £ U £ I
value K = QUt + —wa and the consumption period of the Minimum Cost Quantity

A
can be found in one step,



A second step (Step 4 above)

— 28 -

will now give the reduction in

of the Minimum Cost Quantity x for a poercentage increasc in coste
I = 20
A -
e R 100 200 | 300 cte.
19 £
U ST, - —
Q 100 1.1
10 | X 121 16,21 ete
: Consumption -
Period 12 m 85 m
Q 89 126
8 K 137 17.87 ete
Consumption !
Period i 10,7 m Tob
) ete | ete 1 etc etc o
de Usc of Graphs

Graphs can be used for calculating the Minimum Cost Quantity

using Log Log graph paper, one graphfor each velue of I, with
valucs of Q on the y axis and values of R on the x axis, together with
superimposed lines for values of A ¢ Appendix Da.

The value of K
again using superimposed lines for values of 4
' U

.

™

can also be o‘gﬁained by plotting K against Q,

« Appendix 5b,

t

size

The percentage increase in cost P for proportional alterations x
on the Minimum Cost Quantity can then be obtained by plotting P ageinst

x and using superimposed lines for values of XK.

Thus when using graphs three separate

Appendix be,

sheets are required,

against two sheets for nomographs, and the intersection of threce lines
is requirved to be recad, including one which has probably to be inter-

polated.

It would appear therefore that nomograms are preferable to using
grephs for the calculation of economic batch sizes.



PART VI, SUMNARY OF FURTHER RESEARCH REQUIRED

30, DBASIC RESZARCH

Purther research is required to establish principles, and simple
equations or relationships to take into account :-

a. Rate of return on capital including fixed assets.
b, Effect of work-in-progress,

c. Adjusting batch sizes of components to multiples or sub-
multiples of the final product.,

d. Need for market flexibility.
€. Obsolescence factor,

1. QUANTITATIVE RESEARCH

Research is required to establish values of holding charges for :=
a, Various types of storage.

b. Various types of deterioration.
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COVERING LETTER TNTRODUGING TIE RESRARCH PROJECT

I+ would appear from recent discussions that an increasing number of
Pirms are considering the possibility of calculating the optimum Economic
Menufeacturing Quantity to be ordered when replenishing stocks of conmponents
and sub-assenblies,

Tn an endeavour to assist British industry and, in perticuler, such
firms vho are considering using calculated Economic Menufacturing Quantities,
it would te of value to discover whether there are any serious limitations
to the use of this technique, and, if so, vhat type of limitation and in
which Ikind of industry,

Tt would, therefore, be much appreciated if you would assist in this
research by completing the encloged forms and returning one of them to
the Department of Economics and Production of this College. Two copies
are enclosed in order that you may wretain one copy for record purposes,

The results of this investigation will be published and will be
available for general circulation., However, the name of any firm supplying
data will not be directly associated with any specific data, though we
should like %o acknowledge the assistance received by publishing a list of
firms who have co-operated in this project,
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RESEARCIH PROJECT into The Extent to which Calculations based on Estimated
Vealues are and could be used in BEsteblishing the
most Bconomic Manufacturing Quentity.

It will be appreciated that there must be one best quantity for the
gize of a batch of parts which should be manufactured for stock. A very
large quantity would have the advantage of distributing the setting up
charges over a large quantity of parts, but if the batch is too large the
cost of storing the parts for a long period of time will become excessive,

The calculation for the quantity with the minimum unit cost, or
Feonomic Manufacturing Quantity which could be manufactured is given by
the following formula, progf of which is given in Appendix A,

c ar . . { 200AR
The most Economic Manufacturing Quantity § = | “ﬁfm
where A = Setting up costs with overheads end cost of order,

movement and paper worlk,

U = Total manufacturing cost per part comprising material,
plus labour plus overheads,

I = The rate as a percentage of the average valuec of the
parts in stores which it is decided should be charged
to cover interest on cepital, plus storage charges, plus
an allowance for possible depreciation and cbsolescence,

R = ZIEstimated number of parits used per annua,

The use of the above formula in a particular case would be as given
in the following two examples :-—

Examplo 4 Exemple B
A = Setting up costs £15, 0, 0, £20, 0, 0,
= Total manufacturing cost per pard 2. 0, O, 5. 0. O,

I = Rate nf interest on meterial
in stores 20% 10%

R = Bstimated number used per annum 300 20

i



Exauple A
gk . T20Ei5xIR . oo -
< v UL - 4 2 % 20 = d 22500 = 150
Exarple B
_ f2008R  _ 1200 %20 x 20 P e
v B x 10 = 1600 = 40

The sbove calculetions arc very simple and there is little doubt that
the cstimates for the values of A, U, I and R can be made vith greater
accuracy then any planning engineer can be expected to estimate the most
eccnomic batch cuantity by mentally taking these factors into account and
giving each of them their appropriate significance. In spite of this, it
is thought that the ebove simple procedure is not used extensively and the
present questiomnaire is being sent to a number of firms ropresenting a
wide range of industries in the hope that some further data can be collected
on this problem which will be of assistance to Industry generally,

Te should therefore, appreciate your assistance in answering the
attached questionnaire, In return, we will underteke to send te you a
report on our findings from this enquiry and our recommendations,



APPENDIX A

Let Q

>

s

Feonomi

C

w33 o

Bateh Quantity

Setting w costs plus overheads
i oy iy

material plus labour plus overheads

the parts in

Total manufacturing cost per part comprising

The rate as a percentage of the average value of
stores which it is decided should be

charged to cover interest on capital, plus storage

charges, plus an

and osholsscence

R

1l

Manufacturing cost of @ parts

Storage charge for § parts

Total cost ineluding storage

charge

Cost of one part

For minimum value of y the

Bstimatcd number

i

it

of

charge + manufacturing

allovance for possible. depreciation

parts used per annum

cost pexr

Setting up
part x number of parts in batch
A+ U xQ

Capital x Rate x Time

Yenufacturing cost of § parts

>
=4 +Ug+ (BEE) 2oL 8
=4+ 2+ B+ o
;«% i ?%Q‘ * 2%?3@ E%égQ
ALy, AL, TOT
Q S00R * 2O0R
S R

slope of the curve must be zero,

slope of the curve differentiate with respect to Q. (%‘%’) .

% % charge x Peried
7 =)

To find the



o AT+ 0+ 0+ 500R
For minimum value %% =  zZero
Therefore, g2 = Zﬁ%ﬁ
Joan
% = %R
Q
UIQ2 = 200RA
2 200RA
QF = S5
Q e UL

When the cos®t per part is calculated in accordance with the above
formula and the cost per part plotted against the number of parts in the
batch, a curve of the type shown below is obtained, indicating a rapid
fall in cost during the period when the sctting up charges arc spread
over a larger quentity and after falling to a minimum value, a smallor

gradusl incresse in cost due to the interest charges on the value of materia.
in store,

paxrt

s
| mers et

Cost per

e S A R A A S 1

Batch size
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RESEARCH PROJECT -~ The Use of Formulac for Calculating
Eeopomic Manufacturing Quantities.

Neame of Companys

Industrial Classifications

Plegse tick the appropriate classification for your Company.

Shipbuilding

Agricultural mechinery

Machine tools

Portable power tools

Office machinery

Power generating plant

Mechenical handling equipment and excavators

Other machinery

Clocks, watches, cemecras and other mechanical instruments

Electrical instruments

Electrical appliemces, (E.g. radio, weshing machines, ete.)

Motor cers, motor cycles and parts

Locomotives, railway equipment and rolling stock

Aircraft

Leather goods

Metel goods (e.g. Holloware, cutlery, tools and other metal goods
not otherwise specified)

Textiles

Clothing

FPurniture, wood

Pottery, china, glass, cte,

Paper and printing

Other industries

Normal Quentity in batch of finished product

Lo %)

Plesse tick appropriate classification for the quantity in the normal
batch of finished products,

Unit

Small batch 2 - 5 units per batch
Medium " 6 — 20 units per batch
Large " 21 — 50 units per batch

Very large batch — 51 units and over per batch
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Use of Formulae

1o

3e

Do you use any method of caleulating ecconomic manufacturing
quantities ¢ If so, will you plecase send details of your
scheme, together with examples of values used and the
resulting Economic Manufacturing Quantities,

If you do not use any method of calculation, would you
please use the formula given below choosing about ten
typical jobs which cover your range of values for A, U,
I, R, reccording these values of A, U, I, R together with
the resulting Economic Manufacturing Quantities, In
addition, would you tell us :=

(a) What is the differcnce between the calculated value for
batch size and the one you now use ?

(p) Do you think it would be an advantage to change from
your present batch size to the one given by the formula ?

(¢) If you do not support changing your present Economic
Manufacturing Quantities to the calculated value, what are
your reasons for not wishing to use the value given by
calculation, v
e.g, (i) Size of batch too large, resulting in cxcessively

long runs on a machine thereby tying up existing
productive capacity, delaying other work and
increasing Workein-progress,

(ii) Size of batch too small, resultang in too meny
batches for the same production causing incrcase

in supervision costs, inspection, progress control, ete,

(iii) Size of batch will provide too big & stock causing
storage difficulties or running the risk of
obsolescence,

(iv) Any other reason,

In view of these other factors affecting Economic Manufacturing
Quantities, do you think a more accurate but inevitably a more
complicated formula is necessary ? If so, what additional
factors do you think should be included in the calculation ?

Do you see any difficulties in using the above formula for the
calculation of batch sizes in your organisation and, if so, to
what extent do you consider the method wsuiteble from the
standpoint of :-



(e)

Difficulty in assessing the velucs for A, R, U, and I for
the many parts you manufacture? :

Difficulty in using the formula which involves multiplication,
division and the finding of the square root ?

If simple tebles, nomograms or cheap, easily operated
devices were avallable, would you utilise them ?

Any other rcason 7

Economic Manufacturing Quantity Q = ;écﬁlmﬁ
where
A = Setting up costs with overheads and cost of order,

movement and paper work,

U = Total manufacturing cost per part comprising material,
plus lebour plus overheads,

I = The rate as a percentage of the average value of the
parts in stores which it is decided should be charged to
cover interest on capital, plus storage charges plus an
allowance for possible depreciation and obsolescence,

R = Estimated nuwber of parts used per annum,
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FIRMS AND ORGANISATIONS PROVIDING DATA, INFORMATION, SUGGESTIONS

AND

AN THE RESEARCH PROJECT O ECONOMIC BATCH SIZES

Accles and Pollock Ltd,

Baker Perkins Lid,

Boulton Paul Aircraft Lid,
Bristol Aircraft Ltd,

British Thomson Houston Co, Litd.
De Havilland Propellers Litd.,
Purniture Development Council
Glacier Metal Co. Litd,

Glaxo Leboratories Ltd,

Gommre (E.), Ltd.

Hepworth and Grandage Ltd,
Metropolitan Vickers Electrical Co, Ltd.
Rotol Ltd.

Ruston-Bucyrus Ltd,

Shelvoke & Drewry Ltd.,

The United Steel Companics Ltd.
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AEPHENDIX 2,
EFFECT ON UNIT COSTS THROUGH ALTERING THE BATCI SIZE FROM THE MINTMUM

QUANTITY

Let the ratio of the size of a reduced batch to the Ninimua Cost
Quantity be x,

Then the increase in unit cost is

A + U, + AT + UtIXQ - (.‘é. U, + AL EEE)
0 % 200R S00R g " Y+ Y 200R T 0GR
U, IG
L /1 £
- G (x"‘1> + 2OOR (X""1> . sevse (1)

Now when @ = minimum cost quantity

Vg

2 200AR
Q" = S

Utx,
. QzUtI = 200AR
. U tﬂi 4 (2)
ZOOR gz LA
. U I \
Substituting 3 for wom= in equation (1)

Increase in unit cost =

(x -2 -h-g‘c)
2
(x=1) (3)

xR
X

O

!
O gk’

Let percentage increase in Total Unit Cost over Minimum Cost =P

é ('X - 1_)2

P o= SeE '

T Ao AT U,IQ
=+ U, +5==+ 1°°
Q t = 200R 5560

P

Dividing through by o = Somkm

P o= %
QU
P S R



-0 -

R T 200m "0 20 T QU
2
. » X
¢ @ P e QU . oo e (.z}")
T
Wy 4 2
. P<2+a.gm+m)x=x - 2x + 1
A QU‘%;
QU
Ut A
Let 2 + 5t aﬁ; = K
.oc X2~(2+K?)X+1 = 0
'_ P e R
. 2+ KPS (24 KPS~
s @ X = 2

This equation gives the largest possible reduction in size without
exceeding a stated meximum increase in cost, (The value of x in excess of
1 shows how large the batch can be increased in size without exceeding the
stated maximm increase in cost . This value has no useful purpose and
can be ignored.) Thus the equation for x is reduced to

24 KP - (2 + KP)Q -l (5)
2 s T o0
Now Q = «%%QE%R and substituting for @ in equation ()
a .t
2
{x =17
i ’ ° P o= jw-w—-f-m——-n- :.,_.‘.*.._.,_‘.,. R x 100 ssepos (6)
i f
} 20CR Ut Y

2 R e T

A S TS ) U,

v



In the formula

The derominator cannot

®

L]

when

X

be less

11

0.1
0.2
0.3
0.

0.6
0.7
0.8
0.9

1.0

QU.b . x 100
2 A= 4 i
F2y QU
t
W,

LABLE A

P . 202,5% X =
P 80 =
P . LOJ75% =
P o22,5% =
P < 12,5% =
P 6,67% =
P 3.21% =
P < 1,25 =
P < 0,27 =
P =0h =

1.25

1,75
2,0
3.0
4.0
5.0
6,0
7.0
8,0

P 1,250
B¢ 4%k
P - 8.,0%%
P 7 12.5%
¥ .33.3%
P 56.25%
P« 80,0%
P02
P<128,6%

P153,1%



AFFENDLE 3B

OV RHEAD ITEMS WHICH ART INCURRED VILITHER MACHINE OR OPERATOR IS SETTING
UP OR PRODUCTIG COMPONENTS AFTER SLEITIG UP

Works Managers' basic salary

Departmental supervision salaries

Workmen's compensation insurance

General labouring (other than progress labouring)
Process planners 2 Where not wccovered by a development cxpenditure
vork Study account chargeable to specific oroducts
Tool Designers

Idle time

Overtine

Training allowance

Holiday pay

Sick pay

Factory rent and rates

Machinery depreciation

Insurance of factory building and plent

Fepairs to factory building

Works telephones

Factory lighting and heating

Canteen

Stock control clerks and stock storemen (the portion concerned with
requisitions and issueg in
detail to assemblics)

On first analysis it would appear that these costs reorescnt 70 to

85% of overheads in engincering and fabricating industries,



OVERHEAD ITENS WHICH ARD INCURRFD SOLELY I¥ ISSUING, PROGRESSING,

SETTING UP AYD COMPLETING ZACH MANUFACTURING ORDER

Works stationery

Inspection (where 'first off! inspection applies)

Progress clerks (plus their own overheads, furniture depreciation ete,)

Stock control clerks and stock storemen (portion concerned with
placing manufacturing orders and recording receipt

of manufactured items)

Order preparation clerks

Order costing

Labour bonus computations costs

Tool room storemen

Setting up labour costs

Scrapped materials {part concerned with 'first off!)

Power for machines (part concernmed with 'first off!)

On first analysis it would appear that these costs wepresent L to

12% of overheads in engineering and febricating industries,

OVERHEAD TTEMS “JHICH ARE TNOURRED DURING UNIT MAUNUFACTULLS AFTER SET-UP

Small value production materials
Oils, greases, waste, etc.
Consumable tools

Serapped materials (part)

Inspection (whiere sampling inspection during manufacture or percentage
inspection applies

Power for machines (major part)
On first analysis it would appear that these costs represent 7 to

17% of overheads in engineering and fabricating industries,




MEMOGRAM FOR CALCULATING Q APP 4.

VALUE OF ANNUAL VALUE OF ORDER
USAGE (Vg ) QUANTITY (Qy) m
£ 10,000 £ ~10,000 — 100
- 8000 — 8,000 ~ 90
— 7,000 — 7,000
~ 6,000 - 6,000 — 80
— 5000 - 5,000 — 70
— 4000 ~ 4,000 0
- 3000 - 3,000
— SO
~ 2,000 - 2,000
- 40
- 1000 - 1,000 _ 30
- 800 — 8OO
~ 700 - ~ 700 o5
~ 600 - 600 ~
~ 500 - 500
- 400 ~ 400 ~ 20
- 300 - 300
' — 15
- 200 - 200
- 100 - 100 — 10
- 80 ~ 80 , ‘ — 9
- 70 - 70 _ g
- 60 - 60
- 50 ~ 50 ’ 7
- 40 - 40 &
- 30 - 30
5
- 20 - 20
— 4
- 10 ~ 10 3
2 -
— & - & - 2 5
- 5 - 5
-4 — 4 — 2
.3 -
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