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THE PROBLEM AND ITS BACKGROUND

Statement o f  the Problem

This  study w i l l  in v e s t ig a te  the accuracy o f  present accounting

data  as used in a s p e c i f ic  business a p p l ic a t io n .  The p a r t i c u la r

business a p p l ic a t io n  is the  q u a n ta t iv e  d ec is io n  technique o f  econom­

ic a l  o rder q u a n t i t ie s .  Other methods o f  accumulating cost informa­

t io n  which may b e t te r  s u i t  the requirements o f  economical o rd e r quan­

t i t y  a p p l ic a t io n  w i l l  be suggested. A comparison o f  the  re s u lts  us­

ing h is t o r ic a l  accounting data  and t h e o r e t i c a l l y  de fined  data  w i l l  be 

made.

Reason fo r  A na lyzing  the  Problem 

Many problems are  encountered when the business manager a t ­

tempts to  apply h is t o r ic a l  accounting data  to  d ec is io n  making tech­

niques. Comparing the d i f f e r e n c e  in re s u lts  between the  h is t o r ic a l  

accounting data  used and the th e o r e t ic a l  requirements o f  economical 

o rd e r  q u a n t i ty  c a lc u la t io n s ,  i t  can be pointed out how changes in 

the  economical o rder q u a n t i ty  e f f e c t  production  schedu ling , machine 

u t i l i z a t i o n  and inventory  c o n tr o l .
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G reat s t r id e s  in q u a n t i t a t iv e  an a ly s is  o f  business decis ions  

have been made in the la s t  tw e n ty - f iv e  yea rs .^  The e a r ly  impetus 

from the  m i l i t a r y  and the fe d e ra l  government have c a r r ie d  over in to  

p r iv a t e  e n te r p r is e .^  U n iv e r s i t ie s  o f f e r  concentra ted  curriculum s  

concerned w ith  s t a t i s t i c a l  a n a ly s is ,  o p era t io n s  research, market 

research and o th e r  s p e c ia l iz e d  managerial sc ien ces . S p e c ia l iz e d  

jo u rn a ls  and p ro fe s s io n a l ass o c ia t io n s  have been formed and have 

gained acceptance in the f i e l d .  Management co n su ltan ts  in "Manage­

ment Sc ience" , "O perations Research", and "Systems A n a lys is"  have 

in s tru c te d  business f irm s  in th e  use o f a wide range o f  modern b u s i­

ness management techniques. Although a l l  o f  these to o ls  a re  now 

a v a i la b le  to  in v e s t ig a te  managerial problems on a q u a n ta t iv e  b a s is ,  

th e  r e s u l ts  ob ta ined  through these  techniques a re  derived  from h is ­

t o r i c a l  accounting d a ta .  Although we have had the  in tro d u c t io n  o f  

e n t i r e  new f i e l d s  o f  management sc ience , no comparable innovation

S hee le , Evan D . ,  Westerman, W i l l ia m  L . ,  Wimmert, Robert J . ,  
P r in c ip le s  and Design o f  Production Control Systems, Englewood C l i f f s  
New J ers e y , P re n t ic e  H a l l ,  I n c . ,  I960 Pp. 109-30 . Churchman, West C. 
A c k o ff ,  Russell L . ,  and A rn o f f ,  Leonard E . ,  In tro d u c t io n  to  Opera­
t io n s  , New York, New York: John W iley  and Sons, In c . ,  1961 Pp. x & 
640 . W i l l ia m s ,  J .  D . ,  The Compleat S t r a t e g i s t , New Y ork , New York,  
McGraw H i l l  Book Company, 1954 Pp. x i i i  & 232. Spencer, M i l to n  H . ,  
Ph. D . ,  Siegelman, Lou is , P h .D . ,  M anageria l Economics, Homewood, 
I l l i n o i s ,  Richard D. I rw in ,  I n c . ,  1959 Pp. x iv  & 445 . Dooher, M .J . ,  
Successful Production Planning and C o n t ro l , New York, New York:  
American Management A s s o c ia t io n ,  1955 Pp. 202. S aaty , Thomas L . ,  
Mathem atical Methods o f  Operations Research, New York, New York:  
McGraw H i l l  Book Company, 1959 Pp. x i  & 4 21 . S purr,  W i l l ia m  A . ,  
P h .D . ,  K e llo g g , L e s te r  S . ,  M. A . ,  and Sm ith , John H . ,  P h .D .,  Business 
and Economics S t a t i s t i c s , Homewood, I l l i n o i s ,  R ichard D. I r w in ,  I n c . ,  
1955 Pp. x i  & 579.

^ W il l ia m s , J . D . ,  The Compleat S t r a t e g i s t , New Y ork , New York,  
McGraw H i l l  Book Company, 1954 Pp. x i i i  S- 233.
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3

has taken p lace  in the f i e l d  o f  accounting . Th is  study w i l l  attempt 

to  p a r t i a l l y  in v e s t ig a te  and e s ta b l is h  cost accounting techniques  

more in l in e  w ith  the th e o r e t ic a l  data  requ ired  to  p rov ide  manage­

ment w ith  accurate  costing  f o r  dec is io n  making a p p l ic a t io n .

S p e c i f i c a l l y ,  th is  paper w i l l  p rov ide  methods f o r  measuring 

some o f  the s ig n i f ic a n t  costs involved in economical o rd er  q u a n t i ty  

d e te rm in a t io n .

S ig n if ic a n c e  o f  the Study

The expressed purpose o f  app ly ing  economical o rd e r  q u a n t i ty  

theory  to  manufacturing opera t io ns  is th e  m axim ization o f  p r o f i t s  

through the  o p t im iz a t io n  o f  the  in ven to ry  costs and o p e ra t in g  costs.^

The successful a p p l ic a t io n  o f  economical o rd e r  q u a n t i ty  theory to  

p r a c t ic a l  business problems depends on the  accura te  d e te rm in a tio n  

and c a te g o r iz a t io n  o f  the  re le v a n t  c o s ts .  I t  is expected th a t  an 

a n a lys is  and accura te  d e te rm in a tio n  o f  the  cost fa c to rs  w i l l  then 

provide  a basis f o r  o th e r  types o f  dec is ions  to  be made in the manu­

fa c tu r in g  and m arketing o f  a product. These o th e r  f i e l d s  o f  dec is ion

^Churchman, West C . ,  A c k o ff ,  Russell L . ,  and A r n o f f ,  Leonard 
E . ,  In tro d u c t io n  to  Operations Research, New York, New York: John 
W iley  and Sons, In c . ,  1961 Pp. 199~200. Marks, L ione l S . ,  Mechan­
ic a l  Eng ineer's  Handbook, New York, New York; McGraw H i l l  Book 
Company, In c . ,  1958 Pp. 17—7, 17-8 . Dooher, M. J .  Successful  
Production Planning and C o n tro l , New York, New York ; American 
Management A s s o c ia t io n , 1955 Pp. 182. Shee le , Evan D . ,  Westerman, 
W il l ia m  L . ,  Wimmert, Robert J . ,  P r in c ip le s  and Design o f  Production  
Control Systems, Englewood Pp. 109-30. Churchman, West C . ,  A ck o ff ,  
Russell L . ,  and A rn o f f ,  Leonard E . ,  In tro d u c t io n  to  Operations  
Research. New York, New York: John W ile y  and Sons, In c . ,  1961 Pp. 
199-232. Welsch, Everet W ., Tested S c i e n t i f i c  Inventory  C o n tro l . 
Greenwich, Conn., Management P u b lish in g  C o rp .,  1959 Pp. 5 7 -70 . Konn, 
H arry ,  "Get Your Money O ff  the S h e l f " ,  Machine and Tool Blue Book, 
January, 1961 Pp. 7^ -78 .
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w i l l  not be expla ined fu r t h e r  in th is  study, but w i l l  be discussed  

b r i e f l y  in the la s t  chapter e n t i t l e d ,  " Im p l ic a t io n s  and In fe ren ce s" .

Upon completion o f  the an a lys is  o f  the problem, a comparison o f  

the economical o rder q u a n t i ty  re s u lts  using h is t o r ic a l  accounting  

data  and the new data  w i l l  be made. The case f o r  using the new data  

w i l l  be e s tab lis h ed  based on the methods by which the  new da ta  was

o th e r  re la te d  costs to increase the accuracy o f  economical o rder  

q u a n t i ty  a p p l ic a t io n .

the form ula w i l l  be presented in Chapter I I .  A m a jo r i ty  o f  the cost 

fa c to rs  to be analyzed a re  now represented through present account­

ing methods in the  form ula f a c to r  C ].  These costs in the form ula  

f a c to r  Cl a re  grouped in the burden r a te  m u l t i p l i e r .  The burden 

ra te  m u l t i p l i e r  is a cu rren t cost accounting technique to  p ro ra te  

o th e r  m anufacturing expenses based on the  amount o f  d i r e c t  labor

^Churchman, West C . ,  A cko ff ,  Russell L . ,  and A r n o f f ,  Leonard E . ,  
In tro d u c tio n  to  Operations Research, New York, New York: John W iley  
£■ Sons, In c . ,  1961 Pp. 203-4 .

^Formula d e f in i t io n s  and exp lan a tio n  on page 12 o f  th is  paper.

A n t ic ip a te d  Results

ob ta in ed . The study w i l l  then recommend continu ing  an a lys is  o f

The formula^ to  be used in comparing the economical o rder quan­

t i t y  re s u lts  is:

A d e ta i le d  an a ly s is ^  o f the form ula and assumptions regarding

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5

requ ired  to  manufacture the product.^ I t  is a n t ic ip a te d  th a t  a more 

accurate  de te rm in a tio n  and measurement o f  these cost fa c to rs  w i l l  

considerab ly  a f f e c t  the re s u l ta n t  economical o rder q u a n t i ty .  The 

economical o rder q u a n t i ty  w i l l  be a f fe c te d  because many o f  the costs  

now appearing in the denominator Cj f a c to r  o f  the form ula  as burden 

r a te  percentages w i l l  be shown to be setup costs as represented by 

Cs in the numerator o f  the  form ula .

F ie ld  o f  A p p lic a t io n  

W ith in  l im i t a t io n s ,  the  re s u lts  o f  th is  study should be a p p l i ­

cab le  to  a wide range o f  manufacturing o p e ra t io n s .  I t  is expected  

th a t  the  method used to  e s ta b l is h  the new cost data  can be fu r t h e r  

re f in e d  and ap p lied  to  a wide spectrum o f  cost a n a ly s is .  T h e re fo re ,  

managers in many d i f f e r e n t  types o f corporations  should be in t e r e s t ­

ed in the focus o f  th is  th e s is ;  s p e c i f i c a l l y  in the  s e n s i t i v i t y  o f  

economical o rder q u a n t i ty  fo rm u la tio n s  to  e rro rs  in cost d a ta .

These e rro rs  a r is e  out o f  and are  inherent in h is t o r ic a l  accounting  

systems.

The problem has been s ta te d  and i ts  s ig n if ic a n c e  g iven . The 

next chapter w i l l  e s ta b l is h  the  th e o r e t ic a l  foundation  f o r  the  eco­

nomical order q u a n t i ty  form ula  to  be used. A b r i e f  h is to ry  o f  the  

development and a p p l ic a t io n  o f  economical o rd er q u a n t i ty  theory w i l l  

be presented as an a id  to  c l a r i f i c a t i o n  o f  the  concept. The

^Matz, Adolph, P h .D . ,  C urry , Othel J . ,  P h .D .,  Frank, George 
W ., M .B .A .,  C .P .A . ,  Cost Accounting, New R o ch e lle , New York, 
Southwestern P u b lish in g  Company 195̂ + Pp. 223-8
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assumptions u n d erly in g  economical o rder q u a n t i ty  theory and i t s  ap­

p l i c a t io n  w i l l  be s ta ted  e x p l i c i t l y  and discussed.
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ECONOMICAL ORDER QUANTITY THEORY 

This  c ap ter  o f  the th es is  w i l l  e s ta b l is h  the d e f i n i t i o n  o f  

economical o rd er  q u a n t i t ie s ,  r e la t e  b r i e f l y  the h is to ry  o f  econom­

ic a l  o rder q u a n t i ty  th e o ry ,  e s ta b l is h  the formula to  be tes ted  and 

s ta te  the  assumptions necessary f o r  a p p l ic a t io n  o f  the  form ula .

Economical o rder q u a n t i ty  c a lc u la t io n s  are used in th is  study  

fo r  te s t in g  th e  re levance  o f h is t o r ic a l  accounting d a ta .  The a p p l i ­

ca t io n  o f  economical o rd er q u a n t i ty  theory  is ap p lied  to manufac­

tured and purchased p a rts  to  maximize p r o f i t a b i l i t y .  In i t s  broad­

e s t  sense, economical o rder q u a n t i ty  theory  is one o f  many inventory  

c o n tro l  techniques.

In an a lyz in g  the theory o f  economical o rder q u a n t i t i e s ,  i t  w i l l  

be recognized th a t  i t  can be a complicated s o lu t io n  to  inventory  

c o n t r o l .  Mathematicians and o p era t io n s  research personnel have 

spent many years  r e f in in g  the  theory and d ev is in g  p r a c t ic a l  formu­

las f o r  d i f f e r e n t  inventory  c o n tro l problems. The formulas are  

based on c e r ta in  ra t io n a l  assumptions which w i l l  be discussed in 

th is  c h ap ter .  However, i t  must be pointed out th a t  the  r e s u l ts  o f  

th e  fo rm u la -a p p l ic a t io n  a re  no b e t t e r  than the v a l i d i t y  of the data  

a p p lie d  to the  form ula .

D e f in i t io n  o f  Economical Order Q u an tity  

A general d e f in i t io n  o f  economical o rd er  q u a n t i t ie s  is o b ta in ­

ing th a t  q u a n t i ty  o f  p a rts  which r e s u l t  in the lowest t o t a l  co s t .

A more d e t a i le d ,  concise d e f i n i t i o n  would be:

7
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" In  g en era l,  the g re a te r  the q u a n t i ty  o f  u n its  produced 
a t  a t im e , the lower w i l l  be the f ix e d  cost incurred fo r  
each u n i t .  The cost o f  processing the ih d iv id u a l  o rder  
through the  p lanning fu n c t io n  and the  setup changes fo r  
machines are  f ix e d  costs and may not vary w ith  the number 
o f  u n its  in the o rd er  o r load; th e re fo re ,  spreading these  
costs over the la rg e s t  poss ib le  number o f  u n its  is d e s i r ­
a b le .  However, w h i le  these u n i t  costs a re  d e c l in in g  w h ile  
load s iz e  increases, others  are  r is in g .  For ins tance , the  
costs o f  storage and insurance and the c a rry in g  charges fo r  
c a p i ta ]  invested a re  r is in g  as load s iz e  increases. The 
most economical load s iz e  is th a t  p o in t  a t  which the de­
c l in in g  cost and the r is in g  cost provide  a minimum t o t a l  
u n i t  c o s t ."  ^

There a re  even more s o p h is t ic a te d  d e f in i t io n s  o f  economical 
2 3

q u a n t i t i e s . '» The various d e f in i t io n s  o f  economical o rder q u a n t i ty  

b a s ic a l ly  s ta te  th a t  the main problem to  be solved is to  minimize  

cost by e s ta b l is h in g  the  c o r re c t  r e la t io n s h ip  between the cost o f  

c a rry in g  parts  in inventory  and the  cost o f  producing o r  purchasing  

p a r ts .  Although the  theory  was developed over 40 years ago, p r a c t i ­

ca l a p p l ic a t io n  has not been w id e ly  adopted.

H is to ry  o f  Economical Order Q u an tity  Theory  
4

Most companies fo l lo w  e i t h e r  the accountant o r p ro d u ctio n -  

o r ie n te d  methods o f  inventory  c o n t r o l .  These two methods o f

^Marks, L ionel S . ,  Mechanical E ngineer's  Handbook, New York,  
New York: McGraw H i l l  Book Company, In c . ,  1958 Pp. 17 -7 , 17-8 .

^Churchman, West C . ,  A c k o ff ,  Russell L . ,  and A rn o f f ,  Leonard 
E . , In tro d u c tio n  to Operations Research, New York: John W iley  and 
Sons, Inc . 1961 Pp. 232 -4 .

^Welch, E vere t W ., Tested S c i e n t i f i c  Inventory  C o n t ro l , 
Connecticut Management P ub lish ing  C o rp .,  1959 P. 15.

^Scheele, Evan D . ,  Wimmert, Robert J . ,  and Westerman, W i l l ia m  
L . , P r in c ip le s  and Desiqn o f  Production Control Svsterns. Englewood 
C l i f f s ,  N. J . :  P r e n t ic e -H a l1, In c . ,  I960 Pp. 109-10." *

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9

inventory  co n tro l  are  pointed out as being in use through I96 0 , even

though economical o rder q u a n t i ty  formulas were developed in the  e a r ly

1900 's ,  l i t t l e  progress has been made s in ce  the e a r ly  1940 's .  In

P r in c ip le s  and Desiqn o f  Production Control Systems, Scheele, Wimmert

and Westermanl d escrib e  two extreme methods o f  inventory  c o n tr o l .

"The mathematical d e te rm in a tio n  o f  the  q u a n t i ty  o f  an item 
to  be ordered a t  any one time was one o f  the  f i r s t  sub jects  
o f  in v e s t ig a t io n  by the pioneers o f  s c i e n t i f i c  management.
By the  e a r ly  1900's many formulas had been developed, but 
u n t i l  a f t e r  World War I I  the a p p l ic a t io n  o f  these formulas  
was very 1im ite d . ,

The p ro d u c tio n -o r ie n te d  s o lu t io n :  'Produce in very  large  
lo ts  in o rd er  to m inim ize setup and procurement c o s ts . '

The t r e a s u r e r - ,  c o m p tro l le r - ,  o r  a cco u n tan t-o r ien ted  
s o lu t io n :  'Produce in very  small lo ts  in o rder to  
m inim ize the investment in s tock ' "

In A l fo r d 's ^  Laws o f  Management App1ied to  M an u fac tu r in g , 

a d d i t io n a l  h is to r y  o f  economical o rder  q u a n t i t ie s  is g iven . Much 

has been w r i t t e n  about economical o rd er  q u a n t i t ie s .  Churchman,

A c k o ff ,  and A r n o f f 3  l i s t  t h i r t y - t h r e e  te x ts  (not c i te d  elsewhere  

in th is  paper) d e a lin g  w ith  some phase o f  economical o rder q u a n t i t ie s .  

However, in the  te x ts  c i t e d ,  very  l i t t l e  i f  any attem pt is made to

1Scheele , Evan D . ,  Wimmert, Robert J . ,  and Westerman, W i l l ia m  
L . ,  P r in c ip le s  and Design o f  Production Control Systems, Englewood 
C l i f f s ,  N .J . :  P r e n t ic e -H a l1, In c . ,  I960 Pp. 109-10.

2 A lfo rd ,  L . P . , Laws o f  Management App1ied to M an u fac tu r in g , 
Ronald Press Company, 1925” P. 225.

^Churchman, West C . ,  A c k o ff ,  Russell L . ,  and A r n o f f ,  Leonard 
E . , In tro d u c t io n  to  Operations Research. New York: John W iley  and 
Sons, Inc . 1961 Pp. 2 3 2 -4 .
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an a lyze  and measure setup co s ts ,  u n i t  costs and inventory co sts .

Welch^ in his book Tested S c i e n t i f i c  Inventory  Control s ta ted

the fo l lo w in g :

" The 'New Approach1 to  1nventory  Control

Today's business magazines are  devoting  much space, and 
our management seminars a re  devoting  much tim e, to  th is  
'new approach1 to  inventory  c o n t r o l .  The 'economic o rd er  
q u a n t i ty '  and the  ' s t a t i s t i c a l  reo rd er p o in t 1 formulas  
are  being t re a te d  as new d is co v e r ie s  in the techniques  
o f  management o f  goods.

The fa c ts  a re  th a t  a few f a r  s ighted  experts  were w r i t in g  
about inventory  formulas in such magazines as the Harvard  
Business Review as f a r  back as 1926. Several companies 
have been known to  have been app ly ing  them fo r  as long as 
t w e n ty - f iv e  yea rs .

Y et f o r  some reason, acceptance o f  the  a p p l ic a t io n  o f  
formulas is j u s t  beginning to  come in to  i t s  own in 
modern bus in ess ."

Landy^ f u r t h e r  s ta te s  th a t  the  accuracy o f  economical order

q u a n t i t ie s  is no b e t t e r  than the  cost data  used in determ in ing  them.

"Volumes have been w r i t t e n  concerning economic quan­
t i t i e s ,  o rd e r  p o in ts ,  e t c . ,  by men more capable than 
th e  a u th o r;  hence, no a ttem pt is  going to  be made 
here to  in f lu e n c e  anyone in th e  use o f  economical lo t  
q u a n t i ty  o r  to  e x p la in  how to  a r r iv e  a t  the  q u a n t i ty  
in the  f i r s t  p la c e .  However, l e t  i t  be said th a t  the  
in ven to ry  c o n d it io n  o f  any company w i l l  be o n ly  as good 
as the  major d a ta  upon which decis ions  are  being based 
plus common sense used by those making the  d e c is io n s ."

^Welch, E vere t W . , Tested S c i e n t i f i c  Inventory  C o n t ro l , 
Connecticu t Management P u b lis h in g  C orp ., 1959 P. 15-

^Landy, Thomas M . ,  Production P lanning and C o n tro l,  New York: 
McGraw-Hill Book Company^ I n c . , 1"95U P. 212.
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I t  appears from the  l i t e r a t u r e  and the  w r i t e r ' s  contacts  w ith  

others  in in d u s t r ia l  management th a t  use o f  economical order q u a n t i ty  

theory  has not been w id e ly  accepted by management. I t  is the  au­

th o r 's  op in ion  th a t  th is  c o n d it io n  is due to severa l fa c to r s .  These 

fa c to rs  inc lude  management's u n c e r ta in ty  in app ly ing  mathematical 

fo rm ulas , ignorance, lack  o f  accurate  measurement techniques and 

proper overhead a l lo c a t io n s .

This paper w i l l  examine the  major cost fa c to rs  used in econom­

ic a l  o rd er q u a n t i ty  a p p l ic a t io n .  The an a lys is  w i l l  then cen ter  on 

a p a r t i c u la r  p a r t  used in the manufacture o f  in d u s t r ia l  fo rk  l i f t  

t ru c k s .  I t  is suggested th a t  comparable a n a ly s is  could be made o f  

o th e r  in d u s tr ie s  and products w ith  s im i la r  r e s u l ts .

I t  can be seen from the h is to ry  o f  economical o rd er  q u a n t i t ie s  

th a t  most businesses have not taken advantage o f  the  theory . The 

formulas themselves have been a v a i la b le  f o r  some t im e .  The formula  

used in th is  paper is a standard one.

The Formula^
TEC

^Churchman, West C . ,  A c k o ff ,  Russell L . ,  and A rn o f f ,  Leonard
E . , 1n tro d u c t io n  to  Operations Research, New York: John W ile y  and 
Sons, In c . ,  1961 Pp. 201 -4 .
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1.2

^o =

N
2 R Cs

r~c;

On the preceding page is the  graph and formula f o r  one type o f

inventory  problem governed by the assumptions on the fo l lo w in g  pages,

Following is a l i s t  o f  symbols used above.

q = Inpu t, o r  q u a n t i ty  ordered . ~
Qo = Optimum order q u a n t i ty .

T = Period f o r  which a p o l ic y  is being e s ta b l is h e d .
R = T o ta l  requirement fo r  period T.

Cl = Holding cost per u n i t  o f  goods f o r  a u n i t  o f  tim e.
Cs = Setup Cost per production run.

TEC= T o ta l  expected re le v a n t  cost ( In  th is  chapter TEC is 
sometimes c a l le d  the t o t a l  expected cost. A c tu a l ly ,
inasmuch as such costs as the  p r ic e  o f  the  item are
not a f fe c te d  by the s iz e  o f ' ru n  and hence a re  not in ­
cluded in Models I through V I ,  we r e a l l y  mean to t a l
expected re le v a n t  c o s ts . )

Assumptions Used in the A p p l ic a t io n  o f  the Formula

I t  should be understood a t  th is  p o in t  th a t  the  form ula is a

model based on c e r ta in  assumptions. These assumptions e s ta b l is h  a

workable model by s im p l i fy in g  actua l con d it io n s :

D ir e c t  labor and m a te r ia l  costs per u n i t  do not a p p rec iab ly  
change w ith  small changes in volume production .

Setup costs a re  f ix e d  regardless o f q u a n t i ty  because the  
method o f  o p e ra t io n  does not change.

The inventory  cost fa c to r  is a p re -d e te rm in ed , f ix e d  p er­
centage o f  u n i t  cost f o r  a l l  p a r t  numbers. L a te r  in the  
paper a more accurate  method o f  measuring inventory  costs  
w i l l  be d e sc r ib e d .

The amount o f  inventory  on hand f o r  a p a r t ic u la r  p a r t  is 
a maximum a t  the  beginning o f  i t s  inventory  period  and is 
zero  immediately be fo re  replenishm ent, the d e p le t io n  oc­
cur ing a t  a constant r a te .  The average amount o f  inventory
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on hand over the e n t i r e  period  can be represented by £
where q is the o r ig in a l  lo t  s iz e .  2

The f i r s t  assumption s ta te s  th a t  d i r e c t  labor and m a te r ia l  cost 

per u n i t  do not change w ith  small changes in volume. I t  should then 

be recognized th a t  the  outcome o f  the form ula may cause la rg e  changes 

in volume o f  product. At th is  new production lev e l the o r ig in a l  

d i r e c t  labor and m a te r ia l  cost may be invo lved . I f  orders were being  

run every month f o r  a q u a n t i ty  o f  ten u n its  each, the tendency would 

be to  use the present m a te r ia l  cost and d i r e c t  labor cost o f  the  

p a r t  in the  fo rm ula . The r e s u l ts  o f  the  form ula might then show 

th a t  i t  is more economical to  make one run a year o f  one hundred 

twenty p a r ts .  T h is ,  o f  course, could p r e c ip i t a t e  a change in method 

and /  o r  perm it the  o p e ra to r  to  perform a t  a h igher le v e l  o f e f f i ­

c ien cy . A ls o , i f  sp ec ia l m a te r ia ls  were used in the  manufacture o f  

the p a r t ,  the cost o f  the m a te r ia l  might be reduced because o f  la rg e r  

volume purchases. Th is  reduction  in d i r e c t  labor and m a te r ia l  costs 

would have no e f f e c t  on the q u a n t i ty  p red ic ted  by the E.O.Q.. fo rm ula ,  

as long as the  economical o rd e r  q u a n t i ty  recommended a s in g le  y e a r 's  

run a t  one t im e .

Should the  r e s u l ts  o f  the  formula show th a t  the  p a rts  should be 

run one tim e a month, i t  m ight then be necessary to r e -e v a lu a te  the  

m a te r ia l  cost f o r  la rg e r  q u a n t i t ie s  as w e ll  as an increase in e f f i ­

c iency so th a t  these costs changes could be introduced in to  the  

fo rm u la , r e s u l t in g  in a d i f f e r e n t  va lue  fo r  the  economical o rder  

quanti ty .
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The second assumption s ta te s  th a t  the  setup costs a re  f ix e d ,  

reg ard less  o f  q u a n t i ty .  I f  a p a r t i c u la r  p a r t  analyzed by E.O.Q,. 

form ula showed th a t  i t  should be run in much h igher q u a n t i t ie s ,  i t  

might prove advantageous to  in v e s t ig a te  a change o f  method to im­

prove the  o p e ra t io n  and t h i s ,  o f  course, would then a f f e c t  the s e t ­

up c o s ts .

The th i r d  assumption is th a t  th e  inventory  cost f a c t o r  is p re ­

determined and a f ix e d  percentage o f  u n i t  cost fo r  a l l  p a r ts .  This  

is a m is lead ing  assumption in the a p p l ic a t io n  o f  economical order  

q u a n t i ty  th e o ry . ( In ven to ry  investment cost and c e r ta in  taxes are  

d i r e c t l y  re la te d  to the  u n i t  cost o f  the p a r t  s tored  in in v e n to ry . )  

The o th e r  costs which make up the inven tory  cost f a c to r  a re  re la te d  

to  such th ings as the  w e ig h t ,  s iz e  and obsolescence fa c to r  o f  the  

p a r t i c u l a r  p a r t .  The in ven to ry  cost f a c to r  a n a ly s is  w i l l  be s ta te d  

in much more d e t a i l  in a l a t e r  p o r t io n  o f  th is  paper.

The fo u r th  and la s t  m ajor assumption is  the basis f o r  choosing 

the  p a r t i c u l a r  economical o rd e r  q u a n t i ty  form ula shown on Page 12. 

This  economical o rd er q u a n t i ty  formula was developed on th e  basis o f  

a constant r a te  o f  d e c l in e  o f  the in ven to ry  on hand fo r  a p a r t i c u la r  

p a r t  number. Th is  means th a t  any p a r t  number to be used w ith  th is  

form ula  should b a s ic a l ly  be o f  maximum q u a n t i ty  when placed in inven­

to ry  and withdrawn from inventory  f o r  use on a re g u la r  b a s is ,  and 

norm ally  the q u a n t i ty  usage does not v a ry .  When the usage o f  a 

p a r t  v a r ie s  over a s h o rt  per io d  and is withdrawn from s to ck  a t

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



random in t e r v a ls ,  o th e r  economical o rd er  q u a n t i ty  formulas^ should  

be used.

Regardless o f  the p a r t i c u la r  economical o rder q u a n t i ty  form ula ,  

the  same problem o f  measuring the  cost fa c to rs  e x is ts .  As s ta ted  

e a r l i e r ,  the  formulas a re  u su a lly  based on h is t o r ic a l  accounting  

d ata  which could generate  in c o rre c t  economical order q u a n t i t ie s  be­

cause h is t o r ic a l  accounting data  is used in the  formula c a lc u la t io n s .  

In the next chapter  o f  th is  th e s is ,  h is t o r ic a l  accounting p ra c t ic e s  

w i l l  be summarized. I t  w i l l  be shown how these accounting p ra c t ic e s  

are  used to a r r i v e  a t  th e  d o l l a r  v a lu e  o f  the cost fa c to rs  in the  

economical o rd e r  q u a n t i ty  fo rm ula . The chapter w i l l  then discuss  

the  problems encountered in using h is t o r ic a l  accounting d a ta .

^Churchman, West. C . ,  A c k o ff ,  Russell L . ,  and A rn o f f ,  Leonard 
E . , In tro d u c t io n  to  Operations Research, New York: John W iley  and
Sons, In c . ,  1961 Pp. 205-3*+.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PURPOSE OF MEASURING THE COST FACTORS

"L e t i t  be said th a t  the inventory  co nd ition  o f  any company 
w i l l  be on ly  as good as the  major data  on which decis ions  
are  being based plus common sense used by those making the  
d e c is io n s ."  ^

Having economical order q u a n t i ty  formulas a v a i la b le  d id  not 

n e c e s sa r i ly  mean th a t  p r a c t ic a l  inventory  s o lu t io n s  could be 

reached. Accurate costs must be used in the form ulas. There are  

a t  le a s t  th re e  h is t o r ic a l  accounting methods by which costs are  ac­

cumulated f o r  use in economical order q u a n t i ty  fo rm ulas . Two o f

these methods are  given e xtens ive  trea tm ent in the  t e x t ,  "Cost 
3

Accounting".

k
Matz re fe rs  to a q uota tion  by Theordore Lang to  d escrib e  an 

actual cost system as "a cost system, which records and summarizes 

costs as they occur, and which determines costs o n ly  a f t e r  manufac­

tu r in g  operatio ns  have been performed or serv ices  ren d ered ."  Matz  

goes on to  e xp la in  t h a t ,  even though actua l costs o f  m a te r ia l  and 

labor were used, the  overhead o r  burden was app lied  on some f ix e d

^Landy, Thomas M . , Production Planning and C o n tro l . New York  
McGraw-Hill Book C o . , In c . ,  1950 P. 212.

^ ib id .

^Matz, Adolph, Ph. D . ,  C urry , Othel J . ,  Ph. D . ,  Frank, George 
W., M .B .A . ,  C .P .A . ,  Cost Accounting. New R oche lle , New York: 
Southwestern P ub lish ing  Company, 195^ Pp. 3 3 -5 .

^Lang, Theodore (E d . ) ,  Cost Accountants ' Handbook. New York,  
New York: The Ronald Press Co., 19^7 P. 210. As reported  in Matz.

16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ra te  b a s is ;  thus showing th a t  even the  "a c tu a l  cost system" d o e sn 't  

l i v e  up to  i t s  name.

Matz^ then begins to  e x p la in  the standard cost system which is 

w id e ly  used in th is  country  today. In a standard cost system a l l  

costs are  pre-determ ined in advance o f  p roduction . Accounts are  de­

signed to  c o l le c t  a c tu a l costs and the  d i f f e r e n c e  between actua l  

costs and standard costs a re  c o l le c te d  in separa te  accounts termed 

v a r ia n c e s .

The t h i r d  accepted accounting method is known as d i r e c t  c o s t­

ing. D ire c t  costin g  is not a w id e ly  accepted technique in the  

United S ta tes  a t  the present t im e . The d if fe re n c e s  between the s ta n ­

dard costs absorption  technique and d i r e c t  co st in g  are  w e ll  express­

ed in an a r t i c l e  " D ir e c t  Costing to the Rescue" in Business Week 

magazine in March o f  1962. The e s s e n t ia l  argument presented f o r  

d i r e c t  co s t in g  is repeated here:

"The W id g itro n ic s  p la n t  is o p e ra t in g  a t  a pre -determ ined  
'n o rm a l1 or standard r a t e .  But th is  assumption d o e sn 't  
hold up in p r a c t ic e .  The r e s u l t  was th a t  in January, when 
production was high and sales  low, the company showed a 
' p r o f i t ' ;  in February , when co n d it io n s  were reversed, th e re  
was a ' lo s s ' . " 2

The a r t i c l e  goes on to  s ta te  th a t  the  f ig u re s  given by the

^Matz, Adolph, Ph. D . ,  C urry , Othel J . ,  Ph. D . ,  Frank, George 
W., M .B .A .,  C .P .A . ,  Cost Accounting. New R oche lle ,  New York: 
South-Western P ub lish ing  Company, 1954 Pp. X -800 .

^Business Week, " D i r e c t  Costing to  the  Rescue." Finance D e p t . ,  
New York, New York: M cGraw-Hill P u b lish in g  Company, ( B e l l ,  E l l i o t t  
V. E d . ) ,  March, 1962, Pp. 4 5 -8 .
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standard absorption  costing  technique d i d n ' t  make sense to  anyone 

t r y in g  to  co n tro l co sts . The f ig u re s  were then reappraised under 

d i r e c t  co s t in g  r u le s .  The d i r e c t  cost in g  ru les  as s ta te d  were 

"o n ly  costs d i r e c t l y  associated  w ith  production went in to  the  va lue  

o f  the in v e n to ry .  The overhead, ra th e r  than being a l lo c a te d  to the  

product l in e s ,  was s im ply charged to the  monthly p r o f i t  and loss 

s ta te m e n t ."  The re s u l ts  in comparing the two systems reversed the  

p r o f i t  and loss p o rt io n s  o f  the  two months being compared.

Any o f  the  th re e  aforementioned account methods is acceptab le  

in the f i e l d  o f  a c c o u n t in g .1 For the purpose o f  th is  study, the  

standard cost absorption  method represents  present accounting prac ­

t ic e s ,  and in th is  study w i l l  be re fe rre d  to as h is t o r ic a l  account­

ing.

H is t o r ic a l  Accounting P rac tic es  

There are  many v a r ia t io n s  o f  the  standard cost system. For the  

“ purposes o f  th is  s tudy , the v a r ia t io n  used w i l l  be th a t  o f  the  C la rk  

Equipment Company. Machine setup cost is t r e a te d  as another segment 

o f  d i r e c t  la b o r .  The main elements o f  th is  standard cost system are  

d i r e c t  m a t e r ia l ,  d i r e c t  lab o r ,  machine setup and overhead costs .

Th is  system is o n ly  concerned w ith  the  manufacturing costs and does 

not consider s e l l i n g  expense o r  general a d m in is t ra t iv e  expenses.

The overhead costs are  the  m anufacturing expenses and represent one

^ h e  d i r e c t  cost method is  not accepted by the  Federal Govern­
ment f o r  income ta x  purposes and the  American I n s t i t u t e  o f  C e r t i f i e d  
P u b lic  Accounts does not consider i t  acceptab le  f o r  p u b l ic  documents 
T h e re fo re ,  d i r e c t  cost in g  is not w id e ly  used.
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p o r t io n  o f  the  c h a r t  o f  accounts.^ The ch art  o f  accounts o f  the  

m anufacturing expenses a re  the cost fa c to rs  to be analyzed, consis ­

t in g  o f  f o r t y - e i g h t  major cost fa c to rs  (exclud ing d i r e c t  lab or,  

d i r e c t  m a te r ia l  and machine s e tu p ) .

Except f o r  d i r e c t  la b o r ,  machine setup and m a te r ia l ,  the o th e r  

cost fa c to rs  are t re a te d  as overhead by the accounting department.

To compute an overhead ra te  based on d i r e c t  labor d o l la r s ,  the  

accounting department^ e s ta b lis h es  an overhead ra te  f o r  each d i r e c t  

labor department. The overhead r a te  fo r  the  machining department 

is not n e c e s s a r i ly  the overhead r a te  f o r  the welding department.

Not on ly  does each d i r e c t  labor department have d i f f e r e n t  manufac­

tu r in g  expenses f o r  setup, m a te r ia ls  hand ling , l i g h t in g ,  su p p lies ,  

e t c . ,  but each d i r e c t  lab or department uses a d i f f e r e n t  percentage  

o f ass is tan ce  from the  general s e rv ic e  departments. The general s e r ­

v ic e  departments are  cost accounting, eng ineering , purchasing, in ­

d u s t r ia l  en g in ee r in g , e tc .

Some manufacturing expenses a re  c o l le c te d  by the accounting de­

partment through the use o f  sp ec ia l  charge numbers. The charge 

number re fe rs  to the  d i r e c t  labor department in which the  manufac­

tu r in g  expense occurred. For example, the  charge number 78965 might

^Matz, Adolph, Ph. D . ,  Curry , Othel J . ,  Ph. D . ,  Frank, George 
W ., M .B .A .,  C .P .A . ,  Cost Accounting. New R ochelle , New York: 
South-Western Pub lish ing  Company, 195^ Pp. 3 1 -2 .

'^C lark, E . ,  Overhead R ates , I960 £• 1961 D is t r ib u t io n  o f  Overhead 
R ates , Cost Accounting Department. B a t t le  Creek, Michigan:
C la rk  Equipment Company, 1961, P. 1.
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be reported to  the accounting department showing f i v e  hours o f  setup  

cost to an order in the machine shop, department 603.

Some expenses, such as h eat ,  l i g h t ,  power, e t c . ,  a re  prora ted  

as costs to  d i r e c t  labor departments by the  departmental f l o o r  area  

in square f e e t  compared to  the to t a l  p la n t  f l o o r  space. Other gen­

e ra l  s e rv ic e  department expenses a re  a l lo c a te d  in s t i l l  a d i f f e r e n t  

manner. Appendix 1 i l l u s t r a t e s  the method o f  a l lo c a t in g  general 

s e rv ic e  department expenses.

Once a year the cost accounting department sends to each de­

partment manager the i l l u s t r a t i o n  shown in Appendix I .  This form  

l i s t s  a l l  o f  the d i r e c t  labor departm ents. The managers are  re ­

quested to  l i s t ,  by percentage, the to t a l  amount o f  t h e i r  general  

s e rv ic e  departm ent's  budget which was expended fo r  each o f  the d i ­

re c t  labor departments l i s t e d .  The grand to t a l  o f  a l l  these p ercen t­

ages must equal one-hundred percent o f  each general s e rv ic e  d e p a r t ­

ment's budget.

C a lc u la t io n  o f  the  t o t a l  overhead r a te  f o r  a d i r e c t  labor de­

partment consis ts  o f  t o t a l in g  the  manufacturing expenses by charge  

number, the  prorated  expenses o f  h eat ,  l i g h t ,  power, e t c . ,  and the  

a l lo c a te d  costs o f  the general s e rv ic e  departments f o r  th a t  p a r t i c ­

u la r  d i r e c t  labor department. The to t a l  o f  these expenses d iv id ed  

by the  t o t a l  d i r e c t  labor d o l la r s  expended by the  d i r e c t  labor de­

partment f o r  th a t  f i s c a l  year equals the overhead percentage f o r  

th a t  d i r e c t  labor department. Th is  percentage becomes the  overhead 

ra te  f o r  the  new f i s c a l  year u n t i l  the  ra te  is read justed  a t  the  end
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o f  the  y e a r .

Many problems are  encountered in using th is  present standard

cost accounting d a ta .

The Problems Encountered in Using 
Present Accounting Data

The problems in using present standard cost accounting data

are  re la te d  d i r e c t l y  to the economical o rd er  q u a n t i ty  form ula

=

M
2 R £s  

T Cl

The f i r s t  problem a r is e s  in e s ta b l is h in g  the  d o l l a r  cost o f  

the fa c t o r  Cs in the fo rm ula . Cs represents  the  setup cost per  

production run and the  standard cost method on ly  e s tab lis h es  the  

setup costs fo r  the  machining o p e ra t io n s .  Under the standard cost  

method the  overhead costs a re  broken in to  th re e  c a te g o r ie s .  The 

f i r s t  category  is v a r ia b le  costs , the second is f ix e d  co sts , and 

the th i r d  category  is the costs which a re  p a r t l y  f ix e d  and p a r t ly  

v a r ia b le .  These terms are  de fin ed  in Cost Accounting by M atz , Curry  

and Frank.^ V a r ia b le  expenses a re  d i r e c t l y  p ro p o rt io n a l to  volume 

and norm ally  a re  those costs d i r e c t l y  under the  co n tro l o f  the  pro­

duction  foreman. Fixed costs do not vary  in d i r e c t  p ro p o rt io n  to  

volume and are  g e n e ra l ly  assigned to  the  o p e ra t in g  p er io d s . Fixed 

cost r e s p o n s ib i l i t y  la rg e ly  res ts  w ith  the top e xe cu tives . V a r ia b le  

costs a re  f u l l y  absorbed in the  production cost o f  the  p e r io d ;

Matz, Adolph, P h .D .,  C urry , Othel J . ,  Ph. D . ,  Frank, George 
W ., M .B .A .,  C .P .A . Cost Accounting. New R oche lle , New York: South-  
Western Pub lish ing  Company, 195^ Pp. 227 -38 .
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whereas f ix e d  costs may o r  may not be absorbed during  the o p era t in g  

p e r io d .

Some expenses a re  s e m i-v a r ia b le  in n a tu re .  For example, one 

foreman may be s u f f i c i e n t  to su perv ise  the  work o f  a department up 

to  a c e r t a in  le v e l  o f  p roduction ; whereas a second foreman may be 

added a t  some s p e c i f i c  in t e r v a l .  However, the  increase o r  decrease  

in th is  kind o f  expense is not in d i r e c t  p ro p o rt io n  to volume.

In examining the k8 cost fa c to rs  1 which make up the overhead 

expense c a teg o ry ,  i t  should be recognized th a t  such groups as pro­

duction  p lan n in g , purchasing and re c e iv in g ,  standards, in sp ec tio n ,  

shop c le r k s ,  e t c . ,  a re  s e m i-v a r ia b le .  A p o r t io n  o f  t h e i r  costs must 

be considered setup co s ts .  The basis fo r  th is  is due to  the  purchas 

ing p o l ic y  where the  frequency o f  reo rd er is c lo s e ly  t ie d  to  the  f r e  

quency o f  production runs. S im i la r  arguments can be made f o r  the  

o th e r  fa c to rs  l i s t e d .  Whether these costs a re  placed in the  Cs 

category  o r  the  C] category  w i l l  make a d i f fe r e n c e  in the  s o lu t io n  

generated by the  economical o rd e r  q u a n t i ty  fo rm ula . I f  these costs  

a re  placed in the  Cs ca teg o ry , the  s iz e  o f  the  economical o rd er quan 

t i t y  w i l l  in crease . The standard cost method t r e a ts  these costs as 

a percentage o f  d i r e c t  labor in the  Cl p o r t io n  o f  the  economical 

o rd e r  q u a n t i ty  o f  the  form ula . Increas ing  the C] fa c to r  decreases  

the  economical o rder q u a n t i ty  s iz e .  The C] fa c to r  in the  formula

^Factors e s ta b l is h e d  by C la rk  Equipment Company in t h e i r  par­
t i c u l a r  v a r ia t io n  o f  a standard cost system.
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represents  the  holding cost per u n i t  o f  goods f o r  a u n i t  o f  tim e.

In the standard cost system, the hold ing costs ( in v en to ry  costs)  

are  represented by a percentage o f  d i r e c t  lab o r ,  m a te r ia l  and o ver­

head. I t  is suggested th a t  the  major problem o u t l in e d  in th is  chap­

t e r  is the exc lus ion o f  some re le v a n t  costs in the h is t o r ic a l  account­

ing d e f in i t io n  o f  setup costs and inventory  c a rry in g  costs.

The next chapter w i l l  f u r t h e r  examine methods fo r  measuring 

overhead cost fa c to rs  and w i l l  analyze  d iscrepancies  between the  

method used in the standard cost system and these o th e r  methods to  

be recommended. The standard cost method w i l l  be re fe r re d  to  as 

h is t o r ic a l  and the  proposed methods w i l l  y ie ld  the th e o r e t ic a l  data  

requ ired  f o r  improved economical o rder  q u a n t i ty  form ula a p p l ic a t io n .
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DISCREPANCIES BETWEEN HISTORICAL AND THEORETICAL 
ACCOUNTING DATA

The previous chapter examined the standard cost method as an 

h is t o r ic a l  accounting p r a c t ic e .  I t  is a lso  noted th a t  standard cost 

is one o f  the few accounting methods acceptab le  to  the fe d e ra l  gov­

ernment fo r  inventory  e v a lu a t io n .  W i l l  the  standard cost method 

provide the th e o r e t ic a l  accounting data  requ ired  f o r  economical o r ­

der q u a n t i ty  a p p l ic a t io n ?

As the th e o r e t ic a l  accounting data  requirements fo r  economical 

order q u a n t i ty  a re  analyzed , i t  may be necessary to not on ly  main­

ta in  the standard cost system, but to  prov ide  supplementary cost 

d a ta .

F o r ty -e ig h t  major cost fa c to rs  were is o la te d  in the In d u s tr ia l  

Truck D iv is io n  o f  C la rk  Equipment Company. These f o r t y - e i g h t  cost 

fa c to rs  are:

A. Setup, in s p ec tio n , ta b u la t in g  ( in  p a r t ) ,  shop c le rk s .

B. Labor, m a te r ia l .

C. Physical in ven to ry .

D. Foremen, vaca tion  and h o l id a y ,  downtime, union a c t i v i t y ,  
employee's w e l fa r e ,  workmen's compensation, s o c ia l  
s e c u r i ty .

E. F re ig h t .

F. Rework and r e p a i r ,  d e fe c t iv e  and s p o i la g e ,  scrap and 
recovery, w arran ty .

G. S u pp lies , power, d e p re c ia t io n ,  h ea t ,  o th e rs ,  m is c e l l ­
aneous, ta x es , re p a irs  and maintenance, p la n t  p ro te c t io n .

2k
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H. D ie ,  j i g  and f i x t u r e .

I .  Development costs .

J .  Eng ineering , to o l design.

K. In t e r p la n t  t r a n s p o r ta t io n .

L. M a te r ia ls  s to r in g ,  in p la n t  t ra n s p o r ta t io n  garage,
supp lies  s to r in g .

M. Timekeeping.

N. Personnel

0 .  Production p lann ing .

P. Purchasing, re c e iv in g .

Q.. T a b u la t in g  (re m ain d er) .

R. Cost accounting.

S. M e t ta l lu r g y

T . Cost e s t im a t in g .

U. S tandards.

V. P la n t  a d m in is tra t io n

W. Shipping .

In the  present accounting system, no d is t in c t io n  is made be­

tween f ix e d  and v a r ia b le  overhead costs and setup costs . A l l  these  

costs are  t re a te d  as a percentage o f  d i r e c t  labor d o l la r s .

C a lc u la t io n  o f  the ’ ’K" inventory  cost fa c to r  fo r  use in the  

economical o rd er  q u a n t i ty  form ula is very  d i f f i c u l t .  The i n i t i a l  

method suggested, the  one c u r r e n t ly  in use by C la rk  Equipment Com­

pany may be one o f  the  le a s t  d e s i r a b le .  In the  recommendations to  

f o l lo w ,  a more accurate  method w i l l  be o u t l in e d .  A l l  in -process  

in v e n to r ie s  a re  p re s e n tly  accumulated in one account. T h is  means
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th a t  th e re  is no inventory  segregation  o f  purchased p a r ts ,  in -p la n t  

manufactured parts-,, ass embl i es o r  sub-assem blies. Thus, based on 

a v a i la b le  accounting in fo rm atio n ,^  the  accuracy o f  c a lc u la t in g  the  

inven tory  cost f a c to r  f o r  in -p la n t  manufactured parts  is s u b jec t to  

co n s id erab le  e r r o r .

Inventory  f a c to r  "K" $

Obsolescence 151 ,281 .00
In ven to ry  charges----------------
Allowances reported  

during  the year  
Year in count 
Design changes 
V a lu a t io n  reduction  
D e te r io r a t io n

4 1 ,1 5 0 .0 0

Other ( taxes) 6 3 ,0 0 0 .0 0
Cost o f  borrowing money ( 6%

o f  average in ven to ry ) 351 , 000.00

T o ta l  Inventory  Costs $ 6 06 ,43 1 .00

n _  Cost o f  C arry ing  Inventory  Per Year  
~ Average Inventory  E va lu a tio n

T h e re fo re ,  "K" = $ 6 0 6 ,4 3 1 .0 0 /  $ 5 ,8 5 2 ,0 0 0 .0 0  = approxim ate ly  10%.

A l l  o f  the  items a t t r i b u t a b l e  to  the cost o f  c a r ry in g  inventory  

are  l i s t e d  above under in ven to ry  fa c to r  "K " . The In d u s t r ia l  Truck  

D iv is io n  o f  C la rk  Equipment Company accumulates a l l  o f  these ac­

counts in to  fo u r  basic  accounts which are: Obsolescence, year in

count, o thers  (such as ta x e s ) ,  and cost o f  borrowing money.

The In d u s t r ia l  Truck D iv is io n  average inventory  e v a lu a t io n  a t

_, General Ledger Accounts, In d u s t r ia l  Truck
D iv is io n ,  C la rk  Equipment Company, B a t t le  Creek, M ich igan, 1962.
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any tim e during  the year was some $5 , 852 , 000.00 o f  which approxi­

m ately  $ 1, 200 , 000.00  represents p arts  manufactured in the p la n t .

D iv id in g  the  inventory  costs by the  average inventory  e v a lu a t io n  

f o r  the  e n t i r e  year gives an average "K" to  apply in the form ula .

The inven tory  cost fa c to r^  is an average cost o f  c a rry in g  the  

inventory  a p p lie d  to a l l  p a r ts .  This  cost fa c to r  averages toge ther  

raw m a te r ia ls  in ven to ry ,  in -process inventory  co sts , and f in is h e d  

goods inventory  co sts . Because o f  the company's account accumula­

t io n  techniques, i t  is not now poss ib le  to  break out these charges 

a g a in s t  in d iv id u a l  p a r t  numbers f o r  obsolescence, d e t e r io r a t io n ,  

and allowances reported during  the  y e a r .

At some fu t u r e  d a te  w ith  a change in the accounting system to  

a l lo c a t e  these charges a g a in s t  s p e c i f ic  p a r t  numbers, i t  w i l l  be 

p o ss ib le  to  apply  a v a r ia b le  "K" f a c to r  aga ins t in d iv id u a l  p a r t  num­

bers when app ly ing  the  economical o rd er q u a n t i ty  th eo ry . This in 

tu rn  would g iv e  much b e t te r  accuracy to the a p p l ic a t io n  o f  the  

E.O.Q. fo rm u la .  Although accounting records show the inventory  

cost f a c to r  as being 10%, the co rp o ra t io n  uses a fa c to r  o f  24%.

Tw enty -four percent is the  most ty p ic a l  c a rry in g  cost f ig u r e  used 

2
by in d u s try .  I t  is not known how in d iv id u a l  companies d e r iv e  t h e i r  

c a rry in g  c o s ts ,  C la rk 's  method may be suggestive  o f  ty p ic a l  th in k in g .

Wan DeMark, R .L . ,  Now a ' Hidden Control f o r  Hidden Costs ' .  
R e p r in t  from Purchasing News, February 1959, d is t r ib u te d  by Van 
DeMark, P.O. Box 44, S t .  C l a i r ,  M ichigan Pp. 1 -4 .

^ ib id .
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As the E.O.Q.. theory  is proven in m anufacturing th e re  w i l l  be a 

tendency on the  p a r t  o f  accounting to make more and more d i r e c t  a l ­

lo catio n s  to s p e c i f i c  p a r t  numbers which w i l l  a l l e v i a t e  these a ver­

aging techniques from the E.O.Q.. formula a p p l ic a t io n .

One reason fo r  wanting to  increase the  inventory  cost fa c to r  

from 10% to  24% is a f a l l a c y  in th in k in g  on the  p a r t  o f  the  re p re ­

se n ta t io n  o f  the  inventory  cost f a c t o r .  I t  is f e l t  th a t  ra th e r  than 

u t i l i z i n g  6% as the cost o f  borrowing money, a fa c to r  should be used 

which represents  corporate  p r o f i t  on sales  d o l la rs  as the f a c to r  fo r  

the  c o rp o ra t io n .  I t  then can be seen th a t  the  d i f fe r e n c e  between 

10% and 24% is 14% a d d it io n a l  increase in inventory  cost fa c to r  es­

ta b l is h e d  by the c o rp o ra t io n .  By adding th a t  6% a lready  allowed fo r  

borrowing money to  the  14%, a p r o f i t  markup o f  20% has been added 

to  the  inventory  cost f a c t o r .

The f a l l a c y  in using a p r o f i t  markup as p a r t  o f  the  percentage  

in p e n a l iz in g  the  cost o f  c a r ry in g  inventory  is th a t  simply tu rn in g  

the  inventory  in to  cash and devoting  i t  to  business expansion is no 

assurance th a t  the  market w i l l  be th e re  f o r  the  increased volume o f  

m anufacturing . In a c t u a l i t y ,  s imply the  employment o f  c a p i ta l  to  

expand business means very  l i t t l e  unless the  order r a te  can keep 

pace w ith  production expansion. The c o rp o ra t io n  l ik e w is e  can usu­

a l l y  borrow money f o r  expansion a t  6%. There is no reason to  p ena l­

iz e  the  average inventory  cost fa c to r  f o r  the  a d d it io n a l  14%. How­

e v e r ,  f o r  the present we are  using th is  a d d it io n a l  14% in our econom­

ic a l  o rd er q u a n t i ty  fo rm u la tio n  because o f  the  s ta ted  corpora te
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po1i c y .

Areas o f  C o n f l ic t  Between H is to r ic a l  
and T h e o re t ic a l  Requirements

In the company's accounting system, no d is t in c t io n  is made be­

tween f ix e d  and v a r ia b le  overhead costs and setup co sts . A l l  these  

costs are  t re a te d  as a percentage o f  d i r e c t  labor d o l l a r s .  As the  

an a lys is  proceeds, overhead costs w i l l  be d is t in g u is h e d  from setup  

c o s ts .

In o rd er to develop measurements which w i l l  more a c c u ra te ly  

s a t is f y  the th e o r e t ic a l  requirements o f  economical o rd er q u a n t i ty  

a p p l ic a t io n ,  c e r ta in  techniques must be employed f o r  measuring cost  

fa c to r s .  The techniques employed f o r  measuring the  cost fa c to rs  are:

A. Time Study.
1. D i r e c t  labor hours.
2. Machine setup hours.

B. Wage Rates.
1. D i r e c t  labor employees.
2. Overhead personnel.
3 .  A d m in is tra t iv e  personnel.

C. C a lc u la t in g  F r in g e  B e n e f i ts .
1. Insurance.
2 . S ocia l S e c u r i ty .
3 .  R etirem ent.

D. R a t io -D e la y  S tu d ies .
1. M a te r ia ls  handling costs.
2. Route sheet o rd e r  cost.
3 .  In sp ec tio n .
4 .  Number o f  o p era t io n s  per rou te  sheet.

E. In d iv id u a l  P a r t  Number Cost Measurement By.
I . B.M. Routine.
1. Setup.
2. M a te r ia ls  hand ling .
3 .  Labor, m a te r ia l  and overhead.
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F. Develop Formulas Based on R e p e t i t iv e  
Constants and V a r ia b le  Data.
1. Routine sheet o rd er co st .
2 . Setup c o s t .
3 .  M a te r ia ls  handling c o s t .
k . In s p ec tio n .
5 . Labor, m a te r ia l  and overhead.

G. Systems Paperwork Flow A nalys is  to P rora te  
Costs o f  Overhead.
1. Cost accounting .
2 . Purchase o rd er c o s t .
3 .  Receiving in spection  r o u t in e .
4 .  Order processing.

H. Cost Accounting Prorated  Figures f o r  Some 
Overhead Expenses.
1. Annual re p o r t  o f  overhead cost  

a l lo c a te d  a g a in s t  d i r e c t  lab o r-
2. P e r io d ic  ad justm ents .

I .  Model S im u la tion  to S im p l i fy  Complex In te r -  
R e la t io n sh ip s  .
1. Inventory  cost f a c t o r  "K " .
2. Economical order q u a n t i ty  fo rm u la .
3 . M a te r ia ls  handling c o s ts .

J .  Pragmatic S o lu tions  Recommending Continued  
Analys is .
1. Overhead accounts .
2. Recommendations f o r  o th e r  uses of  

conclusions s e t  fo r t h  in th is  p ap er .

Hypothes i s

I t  is hypothesized th a t  a comparison o f  re s u lts  obta ined fo r  

economical o rder q u a n t i ty  using h is t o r ic a l  accounting d a ta ,  w ith  

th e  re s u lts  from use o f  the  new accounting data  w i l l  show a s i g n i f ­

ic a n t  d i f f e r e n c e .

The newly c a lc u la te d  fa c to rs  w i l l  y ie ld :

1. D i f fe re n c e  in economical o rd er  q u a n t i t i e s .

2 . D i f fe re n c e  in numbers o f  orders to  be 
run per year.
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3 . D i f f e r e n t  to t a l  inventory  cost per year.

In the  next ch ap ter ,  a c a lc u la t io n  o f  economical order q u a n t i ty  

w i l l  be made fo r  a manufactured p a r t  using present accounting d a ta .  

C a lcu la t io n s  fo r  proposed new accounting data  w i l l  be presented and 

the new data  w i l l  be used in the economical o rder form ula: The com­

parison o f  the  two re s u lts  w i l l  provide the  te s t  o f  the hypothesis.
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RESEARCH PROCEDURES

An economical o rd er  q u a n t i ty  w i l l  be c a lc u la te d  fo r  a p a r t ic u ­

la r  p a r t  using the  present standard cost d a ta .  The t o t a l  cost per 

year w i l l  be c a lc u la te d  using standard cost d a ta .  New cost data  

w i l l  then be generated and the economical o rd e r  q u a n t i ty  and to ta l  

annual cost w i l l  be r e c a lc u la te d .  The re s u lts  from the  present and 

proposed data  w i l l  be compared.

C a lc u la t io n  o f  Current Economical 
Order Q uantity

The fo l lo w in g  c a lc u la t io n s  are  used to  determ ine the economical 

order q u a n t i ty  according to the form ula (page 12) ,  using standard  

cost accounting data^ f o r  p a r t  number 1303072:

A. M a te r ia l  cost per p iece
9t x 1.28 lbs . $ 0 .115

B. Overhead ra te^ 59*+%
C. Standard labor cost 0 .035
D. C l ,  inventory  cost f a c to r  x u n i t  cost 0.0072
E. Inventory  cost fac to rs /m onth 2%
F. U n it  cost**, A + (CxB) + C 0 .3 6

^Clark Equipment Company ( in d u s t r ia l  Truck D iv is io n ) ,  "Standard  
Cost C a lc u la t io n s ."  J . . . B . M .  P r in t - out o f  1964 -65 .

^C alcu la ted  as a % o f  d i r e c t  lab o r .

^See page ( 27) o f  th is  th es is  f o r  d e r iv a t io n .

^M atz, Adolph, C urry , Othel J . ,  Frank, George W. Cost Account-  
in q . New R oche lle , New York: South-Western P u b lish ing  Company 
195^ Pp. 223-38 .
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G. Setup c o s t ,  Cs (® $ 3 .00/ h r .
H. R, Monthly usage
I . T , tim e period

$ 6 .00
50 u n its  

1 month

The setup hours, number o f  o p e ra t io n s ,  d i r e c t  labor c o s t ,  e t c . ,  

are  given on the  route  sheet and to o l sheet.^

qo

Number o f  
Runs per  
Year

2 R CS 
T Cl

R x 12 
qo

2 x 50 x 6 = 285 pieces
I .0072

50 x 12 
285

=  2 . 1 1

Number o f
Months
Supply

12 months =
N o.o f runs

5 .6

T o ta l
Y ea r ly
Cost

NO. RUNS (Set up + u n i t  cost + in ven to ry  cost)

Where
Inventory  = 
Cost ^

Inventory
Cost
Factor

x
No. o f  
Months 
Supply

x u n i t  cost

Inventory
Cost = 2% x ( 5 . 6 / 2 )  x 285 pcs. x $ 0 .3 6  = $ 5 -75

T o ta l
Y e a r ly

Cost
= 2.11 ($6 setup + 285 pcs. x $0 .36  + $5 -75 ) = $240

See Append ix  I I .

^Churchman, West C . ,  A c k o ff ,  Russell L . ,  and A r n o f f ,  Leonard
E . ,  In tro d u c t io n  to  Operations Research. New York: John W ile y  and 
Sons, I n c . ,  1961 P. 203.
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C a lc u la t io n  o f  New Accounting Data

Of the  f o r t y - e i g h t  cost fa c to rs  l i s t e d  on pages 2k and 25 o f  

th is  paper, more than one f i t s  the  d e f i n i t i o n  given on page 12 fo r  

"Cs" setup charges. An a n a ly s is  o f  those costs which a re  seg reg a t­

ed in to  "Cs" setup charges, u n i t  co sts , and inventory  costs fo l lo w s .

A nalys is  o f  Term "Cs" ,  Setup Costs

Setup costs are  not j u s t  the  costs o f  p reparing  the  machinery 

used to  produce the p a r t ,  o r  even the cost o f  producing the  paper­

work f o r  processing the p a rts  through the  shop. Setup cost (as used 

here) is a broad term r e f e r r in g  to  a l l  costs o c c u rr in g  during  the  

design, paper processing, a d m in is tra t io n ,  machine o p e ra t io n ,  m a te r i ­

a ls  h and ling , assembly, s to ra g e , and even the  sh ipping stage o f  p ro ­

d u c t io n , which can be considered s e m i-v a r ia b le  costs regard less  o f  

q u a n t i ty .  These costs are  p a r t i a l l y  dependent on the  frequency o f  

runs.

Some o f  the  setup costs f o r  the  machining departments o f  the  

In d u s t r ia l  Truck D iv is io n  o f  C la rk  Equipment Company w i l l  be g iven .  

Not a l l  o f  the  setup costs which are  incurred  w i l  be in d iv id u a l ly  

considered. Many o f  the  setup costs are  s t i l l  lumped in to  overhead 

costs simply because a t te n t io n  has not been d i r e c te d ,  nor tim e has 

not a llowed f o r  analyz ing  these costs on an in d iv id u a l  p a r t  number 

b a s is .  Present a l lo c a t io n s  erroneously  places these costs in the  

u n i t  cost f a c to r  o f  the  economical o rd er q u a n t i ty  fo rm u la ,  as a
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percentage o f d i r e c t  lab o r. The r e s u l t  is to  in c o r re c t ly  en large  

the u n i t  cost fa c to r  which is p a r t  o f  the denominator in the form ula .  

By e n larg in g  the  denominator, the r e s u l t  o f  each economical order  

q u a n t i ty  de te rm ina tion  is understa ted . As lo g ic a l  means o f  measur­

ing these o th er  setup costs are  devised they w i l l  be included in the  

setup cost p o rt io n  o f  the  form ula and om itted from the u n i t  cost 

f a c t o r .

I t  must be recognized th a t  in r e fe r r in g  to "setup cost" the  

setup costs w i l l  be accura te  w i th in  reasonable l im i t s  based upon 

the mode o f t ra n s p o r ta t io n ,  the  lev e l o f  engineering  e x c e lle n c e ,  

methods, ingenu ity  o f  to o l in g ,  e tc .  To be c e r ta in  th a t  the new eco­

nomical o rder  q u n a t i ty  is c o n serva t ive ,  and because as exp la in ed , a 

system f o r  c o l le c t in g  some types o f  charges by model o r  p a r t  number 

is la c k in g , setup costs w i l l  inc lude only machine setup, m a te r ia ls  

hand ling , o rder processing co sts , and c e r ta in  se lected  general ex­

pense costs .

L a te r  in th is  paper w i l l  appear a summary o f  a l l  unanalyzed  

d i r e c t  and general expenses and in th a t  p o r t io n  o f  the th es is  w i l l  

be expla ined the  o th e r  costs which have been l e f t  in the u n i t  cost 

category . Follow ing is an ana lys is  o f  the measurable setup costs:

A. Setup hours costs:

T o ta l  setup hours on a machine shop 
o rder route  sheet f o r  an in d iv id u a l  
p a r t  number m u l t ip l ie d  by $3.30  +
28% b e n e f i t s ....................................................  = Hrs. x $ 4 .2 2 .

The $3.30  represents the average hourly  setup wage o f  the shop
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employees. The 28% b e n e f i ts  represents  the cost o f  hidden b e n e f i ts  

such as re t ire m e n t  fund, cost o f  l i v in g  a llow ance, e tc .  This  por­

t io n  o f  the  setup cost is e a s i ly  e s ta b l is h e d .  The setup hours on 

the  rou te  sheet and too l sheet^ were taken by time study, and are  

sim ply m u l t ip l ie d  by hourly  costs o f  making the  setup. The setup  

cost here is based on standard hours, ra th e r  than actual hours. I f  

g re a te r  accuracy c lo s e r  to the  ac tu a l hours is necessary, th is  f o r -  

u la  can be m odified  by the e f f i c ie n c y  fa c to rs  o f  the operators  p e r ­

forming the setup tas k , because t h e i r  time is punched in to  I .  B. M. 

cards from the o p e ra to rs '  in d iv id u a l  time cards.

B. M a te r ia ls  handling costs:

In d u s t r ia l  eng ineering  s tu d ies^  show approxim ate ly  .3 hours 

f o r  moves between operatio ns  in the  same department, and .5  hours 

f o r  moves between departments. The ta b u la t in g  department has punch­

ed cards c o n ta in in g  the  number o f  operatio ns  per p a r t  number on the  

route  sheets and too l sheets . A form ula can be developed to compute 

these co sts . Computer equipment can be used to  count the number o f  

departments from punched card in fo rm a tio n . The m a te r ia l  moves be­

tween departments and can a lso  be c a lc u la te d  from punched card in ­

fo rm a tio n .

ISee Appendix 1 I .

^Hampton, D. J . ,  C la rk  Equipment Company Earned Hour Control  
Report Program and A f f i 1 ia ted  R a tio  Delay S tudies o f  1 95 9 -1960. 
In d u s t r ia l  Engineering  Department, B a t t le  Creek, M ichigan.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Because every p a r t  manufactured per the  in s tru c t io n s  on the  

route  sheet must be brought out o f  s tock  and put back in to  stock  

a f t e r  processing the  o rd er  through the  shop, th e re  is a f ix e d  charge  

allowed fo r  stockroom moves. However, a p o r t io n  o f  th is  f ix e d  charge  

is absorbed because the computer is programmed to  count the  d e p a r t ­

ments and changes in department numbers ra th e r  than moves between 

departments. Th is  makes a d i f fe r e n c e  o f  one in counting the  number 

o f  moves. S ince the number o f moves counted is one more than a c tu ­

a l l y  occurs, the  number o f  operations  counted absorbs .3  o f  an hour 

fo r  the la s t  move o f  the  h a l f -h o u r  i t  takes going in to  s to ck .

Let N = Number o f  o pera t io ns  exc lud ing  to  and from stockroom.

C = Number o f  departm ental changes exc lud ing  to  and from  
stockroom.

.7  = Allowance f o r  stockroom moves. ( .3  hours a lready  absorbed 
by the  method o f  counting N .)

M a te r ia ls  Handling = (.3N  + .2C) x lab or r a te  + .7  x labor r a t e .
" " = (.3N + . 2C) $ 3 .3 4  + $ 2 .3 3 .

The form ula j u s t  shown s ta te s  the cost o f  t ra n s p o rt in g  m a te r ia l  

between departments and between o p era t io n s  in th e  processing o f  mate­

r i a l  throughout the  shop. In the  case o f  m a te r ia ls  handling co sts ,  

actu a l ra th e r  than standards a re  used, s in ce  the  o p e ra to r 's  e f f i ­

c iency is not c a lc u la te d  agains t any m a te r ia l  handling move s ta n ­

dards. I t  is recognized th a t  the  tim e a llowance f o r  the moves be­

tween opera t io ns  is excessive , but i t  is the  ac tua l amount o f  tim e  

being taken by the  t ru c k e rs ,  e i t h e r  in id le  tim e o r  in ac tu a l move 

t im e.
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D ir e c t  labor employees are  on in c e n t iv e  and norm ally  o pera te  

a t  o r  above one hundred percent o f  s tandard . In a r a t i o  de lay  

study performed by the in d u s t r ia l  eng ineering  departm ent, i t  was 

found th a t  m a te r ia ls  handling e f f i c ie n c y  was somewhat below f i f t y  

p ercen t.  U n t i l  such time as th is  is c o rre c te d ,  the  m a te r ia ls  han­

d l in g  costs should be c a lc u la te d  as s ta ted  above.

The g re a te s t  p o rt io n  o f  time taken up in the m a te r ia ls  handling  

moves (rec o g n iz in g  th a t  a l l  o f  the m a te r ia l  is moved on C la rk  l i f t  

t ru c k s ,  regard less  o f  s iz e )  is used in p o s i t io n in g ,  p ick in g  up and 

re le a s in g  the  m a te r ia l .  Because o f  t r a v e l  t im e c o s t ,  one o th e r  s ig ­

n i f i c a n t  v a r ia b le  is the d is tan ce  between o p e ra to r  work s ta t io n s  in 

the move sequence.

More accuracy may be desired  in th is  p o r t io n  o f  the  setup cost 

fo rm ula . W ith  some e f f o r t ,  a v a r ia b le  can be developed by ass ign­

ing d is tan ces  between operations  in to  the  computer program. N ext,  

a v a r ia b le  f o r  tru c k  speeds could be es tab lis h ed  based on optimum 

cond itions  o f  a c c e le ra t io n s  achieved over vary in g  lengths o f  d is ­

tance. There is so much more th a t  needs to  be done in measuring  

o th e r  cost fa c to rs  not y e t  analyzed , th a t  th is  would seem to  be a 

re finem ent which could be done very  much l a t e r  in the  a n a ly s is  o f  

the economical o rder q u a n t i ty  fo rm ula .

In Appendix 111 can be found the  ac tu a l summary o f  costs re ­

la ted  to  the  rou te  sheet and too l sheet o rd er processing co sts .  

These costs were measured by Mr. John R. Dean o f  the  C la rk  Manufac­

tu r in g  Engineering Department.
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C. Order processing costs:

Route sheet costs = $4.31 (See enclosed a n a lys is  by
J . R. Dean)

The order processing cost is the cost o f  a c t u a l ly  processing  

the form which c a r r ie s  the  o pera t io n  sequence through the scheduling  

department, m a te r ia l  s to re s ,  and the shop operations  themselves.

D. General expenses d i r e c t l y  r e la t in g  to  the number o f
orders processed, o th e r  than route  sheet costs, which
can be ascerta ined  a t  th is  time are  inspection  costs,  
key punch operators  co st , and shop c le rk s  cost.

The average number o f  orders processed per month in the  machin­

ing d iv is io n  is 3 ,2 9 3 .  H is to r ic a l  data  was used to a r r iv e  a t  the  

number o f  orders processed because th is  is the  i n i t i a l  i n s t a l l a t io n  

o f the economical o rd er q u a n t i ty  formula on the  computer. In the  

fu tu r e  a p p l ic a t io n s  the  cost o f  the  number o f  orders processed can 

vary  from month to  month and be d i v is i b l e  in to  these general ex­

penses, based on the  approximate orders which would be generated  

through the  economical o rder  q u a n t i ty  formula on a t r i a l  and e r ro r

bas is .

Expenses/Month (Ave. Cost/Month Supplied by Accounting)^

Inspection  $ 10, 889.00
Tab Operators 650.00
Shop C lerks 1 ,559 .00

T o t a l ......................................  $ 1 3 ,0 9 8 .0 0 /  3 ,293  orders
$ 4 . 10/  o rder

C la rk ,  E . , Overhead Rates, I960 & 1961 D is t r ib u t io n  o f  Over 
head Rates. General S e rv ice  D iv is io n  D is t r ib u t io n ,  B a t t le  Creek, 
Michigan: C la rk  Equipment Company, Cost Accounting Department, 
1961, P. 1.
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The cost o f  the inspectors o p era t in g  in the machining d iv is io n  

is $ 10 ,889 .00  a month. The inspectors  devote 90% o f  t h e i r  time to  

inspecting  the i n i t i a l  setup o f  each order being run in the shop. 

Only a small percentage o f  t h e i r  t im e is spent a c t u a l ly  inspecting  

parts  o u ts id e  o f  the f i r s t  p iece  run on the setup s tandard . There­

f o r e ,  the inspection  cost is a f ix e d  charge per o rd er  regard less  o f  

the q u a n t i ty  involved and f lu c tu a te s  b a s ic a l ly  w ith  the  number o f  

orders processed in the shop per month.

The $650.00 a month cost fo r  the  ta b u la t in g  opera to rs  is based 

on the  amount o f  tim e two ta b u la t in g  operators  devote to  key punch­

ing the  tim e c lo ck  in fo rm ation  turned in by the d i r e c t  labor employ­

ees. The amount o f  t im e spent by the  ta b u la t in g  opera tors  in th is  

instance is based on the number o f  orders processed per day recorded  

by each d i r e c t  labor o p e ra to r .  T h e re fo re ,  regard less  o f  the quan­

t i t y  o f  p ieces invo lved , i t  is the number o f  orders which generates  

the cost o f  these p a r t i c u la r  ta b u la t in g  o p e ra to rs .

The $ 1 ,5 5 9 .0 0  expense f o r  the shop c le rk s  represents a charge  

paid by the company in order to keep tra c k  o f the orders in the  

machine shop. The shop c le r k s '  prime r e s p o n s ib i l i t y  is in moving 

the orders from department to  department, and keeping tra c k  o f  these  

o rd e rs ,  regard less  o f  q u a n t i ty .  T h e re fo re ,  i t  has been p o s s ib le  to  

a r r iv e  a t  a cost o f  these th re e  general expense items and r e la t e  

these costs back to  each p a r t  number and in to  the setup costs in the  

economical o rd er  q u a n t i ty  fo rm ula .

Should inspection  standards be e s tab lis h ed  f o r  inspecting  the
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setup o f  each p a r t  number, based on the  work involved in s e t t in g  

up these machines and checking dimensions o f  th e  p a r t ,  i t  would be 

p o s s ib le  to  d i r e c t l y  r e la t e  each inspection  cost to i t s  p a r t i c u la r  

p a r t  number. For the p re se n t,  the  t o t a l  inspection  costs are  ave r­

aged over a l l  p a r t  numbers w ith o u t regard to  in d iv id u a l  v a r ia t io n s  

in the  amounts o f  in s p ec t io n .

The machine setup c o s ts , m a te r ia ls  handlinq c o s ts , the o rd er  

process inq c o s ts , and the general expenses di r e c t ly  r e la te d  to  the  

number o f  orders processed has been discussed. These comprise the  

costs which have been analyzed in a r r iv in g  a t  the  new setup charges 

used per p a r t  number in th e  economical order q u a n t i ty  fo rm ula .

Here is a summary o f  the  setup cost form ula f o r  machine setup,  

m a te r ia ls  han d lin g , o rd er processing costs , and c e r t a in  general ex­

pense costs:

Setup = Machine Setup Costs + M a te r ia ls
Costs Handling Costs +  Order Costs + Expenses

Setup = Setup Hrs. x $ 4 .2 2  + (3N + .2C) $ 3 .3 4
Costs +  $2 .33  + $4.31 + $4 .10

T o ta l  = Setup Hrs. x $ 4 .2 2  +  ( . 3N + .2C) $ 3 .3 4  + $ 10 .74
Setup
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RECALCULATING ECONOMICAL ORDER QUANT ITY USING NEW DATA

qo =

Where:
\

2 R 
T

Cs
Cl

R, monthly usage _
Cs [setup hours x $4 .22+(.3N + .2C ) $ 3 .3 ^ + $1 0 .73  
N (number o f  operations excluding to and from 

stockroom) 1
C (number o f  departmental changes excluding  

to and from stockroom) 2 
T, time period
C ] ) inventory cost fa c to r  x u n i t  cost

Therefore:  

qo =

= 50 un its
= $19.18 + (.3N+.2C) x $3.34

= 3 

=  2
= 1 month
= $0.0072

J  2 x 50 ~ 2x4.22+ (.3x3+  . 2x2) $3 .34+$10.74 = 572 pieces
1 x .0072

Number o f runs per year = Rxl2 = 50x12 = approx. 1
qo 572

Number o f  months supply = 12 months
Number o f runs

=  12

T o ta l y e a r ly  cost = number o f runs (setup + u n it  cost + inventory cost)

T o ta l y e a r ly  cost = 1 |$ 2 3 . 50+600pcs,x$0.36 (see page 33) + 600x$0.36x24%j

^See route sheet and tool sheet Appendix I I  
^ ib id .

•p-ro



Current Economical Order Q u an tity  Results  Compared 
to Proposed Economical Order Q u an tity

Current Q uantity = 285 1

C a lcu la ted  Annual Cost $240
Number o f  Runs per Year = 2.11

Proposed Q u an tity = 572
C a lcu la ted  Annual Cost = $263
Number o f  Runs per Year = 1

285 U n its ,  a 5 -6  months supply

In the  next chapter , these f in d in g s  w i l l  be evaluated  and the  

v a l i d i t y  o f  the  hypothesis determined. Test in g  the hypothesis re ­

qu ires  a comparison be drawn between the  re s u lts  o f  the  present and 

proposed cost techniques. Conclusions w i l l  be drawn from the com­

parison .
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CONCLUSIONS AND RECOMMENDATIONS

In Chapter V "Research Procedures", the newly developed data  

in d ica te d  a s ig n i f i c a n t l y  d i f f e r e n t  r e s u l t  in economical o rder quan­

t i t y  c a lc u la t io n .  I t  is the magnitude o f  these d i f fe re n c e s  th a t  is 

im portan t.  The magnitude o f  d if fe re n c e s  in d ic a te s  th a t  measuring 

and s ep ara tin g  setup costs by p a rt  number gives s i g n i f i c a n t l y  d i f ­

f e r e n t  r e s u l ts ,  as compared to  standard cost in fo rm a tio n . The c a l ­

cu la ted  d i f fe r e n c e  in annual costs , however, req u ires  an e xp la n a t io n .

A dilemma appears to be p resen t.

The c a lc u la te d  annual cost o f  the  present method was lower than 

the  annual cost o f  the  proposed method. The r e s u l t  would seem to  

in d ic a te  th a t  the present method is th e  b e s t .  C e r ta in ly  the  present  

method would be best i f  the c a lc u la t io n  and basic  data  were c o r re c t .  

The data  e xp e r im e n ta l ly  assembled to c a lc u la t e  the  proposed economi­

cal o rd er  q u a n t i ty ,  however, h ig h l ig h ts  the  lack o f  v a l i d i t y  o f  the  

p re s e n t ly  used basic  d a ta .

A. The standard cost overhead percentage o f  59*t% is c a lc u la te d  

in the fo l lo w in g  manner:

The t o t a l  expenses and f ix e d  costs a l lo c a te d  to  a p a r t i c u la r  

department a re  d iv id e d  by the  to t a l  d i r e c t  labor o f  the department.

Yet over 2 ,500  parts  a month are  produced in vary in g  q u a n t i t ie s  from  

one to  tens o f  thousands per p a r t .  The average overhead may be 59^%, 

but the  ac tua l overhead fo r  a p a r t i c u la r  p a r t ,  because o f  q u a n t i ty ,

shape, machining c h a r a c t e r is t ic s ,  e t c . ,  could be almost any percentage

kk
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o f d i r e c t  lab o r ,  s in ce  no d i r e c t  r e la t io n s h ip  can be demonstrated  

between d i r e c t  labor and most overhead expenses.

1. Machine setup is not a fu n c t io n  o f  the  d i r e c t  
labor u t i l i z e d  in the  production o f  a p a r t ic u ­
l a r  manufactured p a r t .

2. Engineering costs a re  not a fu n c t io n  o f  the  
d i r e c t  labor u t i l i z e d  in the  production  o f  a 
p a r t i c u la r  manufactured p a r t .

3 . Trucking  costs are  not a fu n c t io n  o f  d i r e c t  
labor u t i l i z e d  in the production o f  a p a r t ic u ­
la r  manufactured p a r t .

In f a c t ,  i t  would be very  d i f f i c u l t  to  represent any o f  th e  k8 

cost fa c to rs  as a percentage o f  d i r e c t  lab or in the  production  o f  a 

p a r t i c u la r  manufactured p a r t .

B. The more pieces o f  a p a r t  produced a t  one t im e , the more 

t o t a l  overhead costs the p a r t  number absorbs according to  the s tan ­

dard cost method. Of course, some costs do increase p ro p o r t io n a te ly  

but not many. Setup, e n g in ee r in g , order e n t ry ,  purchasing, in d u s t r i ­

a l e n g in e e r in g ,  a re  some o f  the  costs which do not increase propor­

t i o n a t e l y .

C. The standard cost system p ro je c ts  overhead ra tes  on past  

performance and r e f le c t s  an o v e r a l l  cost based on past h is to r y .

These cost percentages are  then ap p lied  to  in d iv id u a l  p a rts  based on 

d i r e c t  lab o r .  The overhead costs a re  a l lo c a te d  to  in d iv id u a l  p arts  

by th is  gross averaging method. Decisions must be made a f f e c t in g  

in d iv id u a l  p a r t  numbers, assem blies, and products on the  basis o f  

th is  averag ing technique when no o th e r  method is a v a i la b le .  

Conclusions:
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I t  was hypothesized in Chapter IV th a t  d if fe re n c e s  in re s u lts  

would occur in the economical o rder q u a n t i ty  when the new data  was 

a p p lie d ,  s p e c i f i c a l l y :

1. A d i f fe r e n c e  in economical o rder q u a n t i t ie s .

2 . A d i f f e r e n c e  in number o f  orders to be run
per year .

3 .  A d i f f e r e n t  to t a l  inventory  cost per y ea r .

The c a lc u la t io n s  in Chapter V in d ic a te  a s ig n i f i c a n t  change in 

the  economical o rd er q u a n t i ty ,  the number o f  runs per y ea r ,  and the  

t o t a l  inventory  cost per y e a r .  The re s u lts  o f  the  c a lc u la t io n s  con­

f i r m  the  correctness o f  the  hypothesis . The fo l lo w in g  conclusions

are  drawn from the f in d in g s  in th is  study, f o r  the example chosen:

1. H is to r ic a l  accounting data  does not perm it  
accura te  use o f  economical o rd er  q u a n t i ty  
th e o ry .

a . Optimal economical o rd er q u a n t i ty  may 
be in v a l id .

b. C a lcu la ted  annual cost may be in c o r re c t .

c . Optimal number o f production runs per 
year may be in v a l id .

2. Continuous review  o f  cost fa c to rs  is re q u ire d .

3 . P la n t  load ing , manpower requirem ents, and f in a n ­
c ia l  expec ta tions  are  s i g n i f i c a n t l y  d i f f e r e n t  
using h is t o r ic a l  as compared to  more t h e o r e t i c a l l y  
accura te  d a ta .

I t  was demonstrated that the average methods used in the s ta n ­

dard cost system gave s i g n i f i c a n t l y  d i f f e r e n t  re s u lts  than more ac­

cu ra te  cost a n a lys is  techniques. I t  is f e l t  by the  w r i t e r  and
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asserted on the basis o f  his q u a l i t a t i v e  observations th a t  the new 

cost data  does in f a c t  y ie ld  more v a l id  conclusions.

Methods fo r  continuously  analyz ing  the cost fa c to rs  w i l l  be 

suggested. I t  should be remembered th a t  on ly  the  more obvious s e t ­

up costs were analyzed and th a t  fu r t h e r  a n a ly s is  o f  o th e r  cost f a c ­

tors  were recommended on a cost b e n e f i t  b as is .

The th i r d  conclusion is th a t  p la n t  loading and manpower r e q u ire ­

ments using the two sets o f  data  d i f f e r  s ig n i f i c a n t l y .  The example 

used in Chapter V was only  one o f  thousands o f  p a rts  produced each 

month in the manufacturing departments o f  the company s tu d ied .  

Furthermore, the newly developed economical o rd e r  q u a n t i ty  da ta  in ­

d ica te d  th a t  a g re a te r  q u a n t i ty  o f  u n its  would be produced in a

given month, but a s m alle r  v a r ie t y  o f  p a rts  would be manufactured  

during the month. A proper an a lys is  o f  the  change in manpower r e ­

quirements could best be accomplished through the  use o f  s p e c i f i ­

c a l l y  c a lc u la te d  data  through a s im u la t io n  s tudy. I f  the d i r e c t io n  

o f change is c o n s is ten t between p a r ts ,  then fewer to t a l  orders would

be produced o f  a la rg e  q u a n t i ty  per o rd e r .  P la n t  loading would re ­

q u ire  fewer setup personnel, m a te r ia ls  h and lers , and in sp ecto rs .

Recommended Methods o f  Measuring Other  
Cost Factors

A recommended o u t l in e  o f  methods to  more a c c u ra te ly  measure 

o th e r  costs fo l lo w s .  Some o f  these costs w i l l  be analyzed in d iv id ­

u a l ly ,  o thers w i l l  be grouped in to  c a te g o r ie s .  The f i r s t  category  

is l is t e d  below. Some d o l l a r  amount o f  the co s ts ,  in the group below
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should be placed in to  the setup p o r t io n  o f  the equation . The re ­

mainder o f  costs stays in the u n i t  cost p o r t io n  o f the equation .

Foremen

Vacations and H oliday  

Downtime 

Union A c t iv i t y  

Employee W e lfa re  

Workmen's Compensation 

S ocia l S e c u r ity

Standard cost methods t o t a l l y  apportion  these costs to  d i r e c t  

labor because these costs are  incurred by the  d i r e c t  labor operators  

located in the p la n t .

The e f f o r t  put out by the d i r e c t  labor o p e ra to r ,  however, is 

not o n ly  absorbed in producing parts  but a c e r t a in  amount o f  the  

d i r e c t  labor o p e ra to r 's  time involves setup. Increasing  the  number 

o f  u n its  produced a t  any one time would decrease the  number o f  setups,  

provided the  t o t a l  volume o f parts  produced in one year remain con­

s ta n t .  The beginning in v e n to r ie s  would increase but the t o t a l  number 

o f  setups would decrease, th e re fo re ,  in a la rg e  m anufacturing opera­

t io n  a to t a l  reduction  in setup man hours would reduce the f r in g e  

b e n e f i t  costs req u ired .

F re ig h t

F re ig h t  costs can be re la te d  to  s p e c i f ic  p a rts  received in a 

given p e r io d . These costs can be ap p lied  to  purchased p a r ts ,  pres­

e n t l y ,  f r e ig h t  is reported  as a percentage o f  d i r e c t  lab o r .  Another
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group o f  costs can be d i r e c t l y  re la te d  to s p e c i f i c  parts  and shown

as an increased u n i t  c o s t .  Th is  group is:

Rework and Repair  

D e fe c t iv e  and Spoilage  

Scrap and Recovery 

W arranty (Customer)

For increased accuracy, these costs should be charged d i r e c t l y  

to  the  s p e c i f i c  parts  on which the rework and r e p a i r  occurred . A 

p e r - u n i t  cost could be compiled by d iv id in g  the  costs a l lo c a te d  to  

the various  p a rts  by the  q u a n t i ty  o f  each p a r t  b u i l t  over a given  

period  o f  time and summing f o r  each p a r t  number.

Th is  cost in fo rm ation  would have a d d i t io n a l  v a lu e .  C erta in  

p arts  have very  high rework and r e p a i r ,  and /  o r  scrap and recovery  

costs because o f  the  te c h n ic a l  n a tu re  o f  the p a r ts .  Those parts  in ­

c u r r in g  an unusually  high amount o f  these costs could be analyzed  

f o r  p o s s ib le  eng ineering  changes and redesign. The same type o f  cost 

d i s t r i b u t i o n  should be made f o r  the  w arran ty  account.

As a r e s u l t  o f  an a lyz in g  costs in th is  manner, we begin to get

more and more a cc u ra te  data  on expenditures and ways to reduce them. 

Applying these costs as they a c t u a l ly  occur, reduces the  u n fa i r  bur­

den o f  overhead placed on some p a r ts .  Much more an a ly s is  is required  

to  measure and understand the  reasons fo r  f lu c tu a t io n s  in overhead 

cost c a te g o r ie s .  A l l  overhead cost cannot v a l i d l y  be represented as 

a percentage o f  d i r e c t  labor expense, s ince  a l l  overhead accounts do 

not vary  in d i r e c t  p ro p o rt io n  to  d i r e c t  la b o r .  Th is  problem o f
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c o rre c t  an a ly s is  has been noted by o th e r  in v e s t ig a to rs .  A ty p ic a l

1 2comment is the fo l lo w in g  by S tan ley  B. H e n r ic i :  ’

" . . . . t o  summarize, the c o rre c t  method f o r  s e t t in g  in d i r e c t -  
lab or standards is  to  determ ine by means o f time s tu d ie s ,  
inspector records, production records, and m a te r ia ls -  
consumption records j u s t  how much in d i r e c t  labor is required  
f o r  a P .S .H . on each o p e ra t io n . This  d e te rm in a tio n  r e a l ly  
b o i ls  down to answering the  questions: What does th is  in ­
d i r e c t  labor do? How long should be requ ired  to  do i t? "

Another group o f  costs are  those costs th a t  can be r e a d i ly

measured as a fu n c tio n  o f  machine running t im e. Th is  group consists

o f  the fo l lo w in g :

Supplies

Power

D ep rec ia t io n

Taxes

Repairs and Maintenance  

These costs should be charged to  the machinery on which the  

p arts  a re  made. The charges to  the machines can then be p ro -ra te d  

back to  the p arts  which were produced on the machines. These costs 

would d e f i n i t e l y  be the  most d i f f i c u l t  to  ana lyze . The method re ­

commended would probably  on ly  s l i g h t l y  improve the accuracy over a 

basic  average overhead a l lo c a t io n  across a l l  p a r ts .  The f in a l  group 

o f  costs do not lend themselves to  a s in g le  method o f  hand ling , and

^ H e n r ic i ,  S tan ley  B . ,  Standard Costs f o r  M anufacturing . New York, 
N. Y . :  McGraw-Hill Book Company, In c . ,  1953, P. 80.

2p .S .H . As used by H enric i means Production Standard Hour o f  
Labor.
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w i l l  be considered in d iv id u a l ly .  Th is  group consists  o f  the  fo l lo w ­

ing costs:

. D ies , J ig s ,  and F ix tu r e  Costs 

Development Costs 

Engineering and Tool Design Costs 

In te r p la n t  T ra n sp o rta t io n  

. M a te r ia l  S to r in g  and M a te r ia l  T ra n sp o rta t io n  

Timekeeping  

Personnel

Production Planning

Purchasing and Receiv ing

T a b u la t in g

Accounting

M e ta l lu rg y

Standards

P la n t  A d m in is tra t io n  

The costs o f  d ie s , j iq s , and f i x t u r e s  should be accumulated 

agains t the  s p e c i f ic  parts  f o r  which to o l in g  costs occur. These 

costs would be d i v is i b l e  by the number o f  u n its  produced per p a r t  

over an agreed upon d e p re c ia t io n  p e r io d . I t  is i l l o g i c a l  to  apply  

overhead burden ra tes  f o r  to o l in g  to  a l l  p arts  even though they do 

not have any d ie ,  j i g ,  and f i x t u r e  costs .

Development costs are  f ix e d  cost recoverab le  over a period o f  

t im e . Development costs should be charged to  s p e c i f ic  p a r ts ,  sub- 

assemblies, and models. Based on the  amount o f  development costs
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occuring , a d e p re c ia t io n  period should be es tab lish ed  and the volume 

o f p arts  or models b u i l t  over th is  period should c a rry  the d e p re c i­

a t io n  charge.

In te r p la n t  t ra n s p o r ta t io n  cost should be app lied  s im i la r ly  to  

the f r e ig h t  costs discussed p re v io u s ly .

The costs o f  eng ineering  and too l des ?gn can be analyzed by 

p a r t  number or model; s im i la r  to the development category discussed  

above. In the  a l lo tm e n t  o f  costs d i r e c t l y  to the p a r t  such as en­

g in e e r in g ,  to o l in g ,  development, w arra n ty ,  d e fe c t iv e  and s p o ila g e ,  

the costs should be a l lo c a te d  to  purchased p arts  as w e ll  as parts  

manufactured by in -p la n t  d i r e c t  lab o r .  In th is  manner, an a n a lys is  

of overhead costs caused by purchasing p arts  can be made.

Costs should be p ro p e r ly  a t t r ib u te d  to  purchased as w e ll  as 

manufactured p a r ts .  The costs o f  m a te r ia l  s to r in g  and m a te r ia l  

t ra n s p o r ta t io n  should be a l lo c a te d  to  p arts  which are  purchased as 

w ell  as manufactured, s in ce  both are  s tored  and tra n s p o rte d . I t  

would be r e l a t i v e l y  s im ple  to  l e t  the in d u s t r ia l  eng ineering  d e p a r t ­

ment make r a t i o  d e lay  s tud ies  o f  these costs and apply them d i r e c t l y  

to the  re le v a n t  p a r ts .  The cost o f  counting would be a fu n c t io n  o f  

g u a n t i ty .  The cost o f  handling would be a fu n c t io n  o f  d is tan ce  and 

number o f  moves. This  method would e l im in a te  much inaccuracy occur­

r in g  when these costs a re  ap p lied  as a percentage o f  d i r e c t  lab o r.

I t  is the  physica l s iz e ,  number o f  moves, and g u a n t i ty  o f  a p a r t ic u ­

la r  p a r t  number which determines i t s  m a te r ia l  t ra n s p o r ta t io n  and s t o r ­

age costs .
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Timekeeping is  an expense having severa l cost components.

Three major parameters w i l l  be considered. These parameters are:

The number o f  in d i r e c t  personnel re p o rt in g  time  
to  the  timekeepers

. The number o f  d i r e c t  labor personnel re p o rt in g  
tim e to the tim ekeepers.

The number o f  orders  processed in the p la n t  over  
a period  o f  time

A b r i e f ,  o n c e -a -ye a r  sampling a n a ly s is  o f  the t im e cards would 

measure the  costs a l lo c a te d  to  o th e r  in d i r e c t  departments. These 

costs could be determined by a s e r ie s  o f  charge numbers f i l l e d  out  

by the  employee on the  back o f  the time card r e f e r r in g  to the  de­

partment fo r  which a s e rv ic e  was performed. A percentage o f  tim e­

keeper costs can be found th a t  represents  the  share th a t  is re la te d  

to  the  number o f  d i r e c t  employees in the  p la n t .  A f ix e d  charge per 

o rd er and p a r t  can a lso  be es tab lish ed  by sampling a n a ly s is .

The personnel cost category  should be analyzed according to the  

number o f  people in the  in d i r e c t  c a teg o r ie s  u t i l i z i n g  the  personnel 

s e rv ic e s .  The in d i r e c t  ca teg o r ies  can then be app lied  based on the  

number o f  personnel in each, and a p p lied  to  the  p a r t ic u la r  department 

which employs these personn el.  Other personnel costs which are  based 

on the  number o f  d i r e c t  lab or personnel should be ap p lied  as a per­

centage o f  d i r e c t  labor and setup.

Production p lanning costs should be analyzed by sampling the  

work o f  every in d iv id u a l  in the  departm ent. Costs could then be 

charged to the accounts to  which the e f f o r t  a p p l ie s .  Much o f  th is  

cost would go a g a in s t  the  number o f  o rders  processed in the  shop,
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and th e re fo re ,  become a setup cost per p a r t .  The number o f  u n its  

ordered does not s i g n i f i c a n t l y  a f f e c t  the e f f o r t  put out by the  

people in the  production p lanning group.

The purchasing and re c e iv in g  cost ca tegories  can be analyzed  

in much the same manner as the  route  sheet co st .  These costs have 

been c a lc u la te d  as recorded in the enclosed an a lys is  by J .R .  Dean.^ 

Purchasing and re c e iv in g  costs should be t re a te d  as p a r t  o f  the  mate­

r i a l  setup cost f o r  a production o rd er and d i v is i b l e  by q u a n t i ty .

The ta b u la t in q  and the  accounting costs can be determined based 

on the  amount o f  time personnel expends in such a c t i v i t i e s  as in d i ­

re c t  lab o r ,  d i r e c t  lab o r ,  number o f  o rd ers , number o f  invo ices , and 

upkeep o f  the  cost system. Some costs would be d is t r ib u te d  as o ver­

head percentages o f  d i r e c t  lab o r ,  w h ile  o th e r  costs would be pro­

ra ted  to  departments based on the amount o f  in d i r e c t  lab o r .  Some o f  

the costs would be setup charges which apply to  invo ice  processing, 

o rder processing, and in d u s t r ia l  eng ineering  standards.

M e ta l lu rg y  costs could be handled through a d i r e c t  charge sys­

tem by re p o rt in g  a l l  m e ta l lu r g ic a l  in v e s t ig a t io n s  aga ins t s p e c i f ic  

p a r t  numbers or models. These charges would increase the u n i t  cost 

fa c to r  in the  economical o rd er q u a n t i ty  equation .

Standard costs could be analyzed as b a s ic a l ly  a f ix e d  charge per 

p a r t  number fo r  e s ta b l is h in g  s tandards. A more accurate  method would 

be to  prov ide  tim e study personnel w ith  d a i ly  labor d is t r ib u t io n  cards,

^Appendix 111
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recording time spent per p a r t  number. These costs would be t re a te d  

as a setup cost over a f ix e d  number o f  p a r ts .

P la n t  a d m in is tra t io n  costs could be a l lo c a te d  to those d e p a rt­

ments (areas) where most o f  a d m in is tra t io n  e f f o r t  is concentra ted .

A r a t io -d e la y  study could determ ine the percentage o f  a l lo c a t io n .

Even though fo u r o r  f i v e  accounts have been analyzed and mea­

sured in Chapter V, th e re  remain the  many costs ju s t  discussed which 

are  s t i l l  app lied  as an overhead percentage o f  d i r e c t  lab o r .  By 

studying the  techniques recommended f o r  measuring these co sts , i t  can 

be seen how some costs a re  f ix e d  costs d i v i s i b l e  by q u a n t i ty  o f  the  

p a r t  number produced. In recogniz ing  these p e c u l i a r i t i e s  o f  our o v er ­

head expenses, i t  should become a m a tte r  o f  good management to estab­

l is h  more accura te  overhead a l lo c a t io n s .

The end r e s u l t  o f  th is  in v e s t ig a t io n  can be:

Improved systems to  e a s i ly  c o l le c t  th e  cost data  
a c c u ra te ly .

Cost reductio n  through a more s p e c i f i c  understanding  
o f  which p arts  a re  c re a t in g  the a d d i t io n a l  costs .

More accura te  economical o rd er  q u a n t i t ie s  manufactured  
w ith in  the p la n t  and purchased from o u ts id e  vendors.

Once an o rg a n iz a t io n  begins to  analyze i t s  costs in the  p re ­

scribed manner, overhead ceases to  be a vague term. Many hidden costs  

once a l lo c a te d  on the  basis o f  d i r e c t  labor become prime areas fo r  

cost reduction  and management c o n t r o l .  Every day a l l  production  

f a c i l i t i e s  not ta k in g  advantage o f  the  im portant aspects o f  economi­

cal o rder q u a n t i ty  p r in c ip le s  a re  making serious mistakes in the  f u ­

tu re  planning o f  t h e i r  o rg a n iz a t io n s .  Improper cost re p o rt in g  re s u lts  

in poor management d e c is io n s .
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IMPLICATIONS & INFERENCES

The va lue  from a p p l ic a t io n  o f  economical o rd er q u a n t i ty  theory  

is the r e s u l t in g  increase o f  net p r o f i t s .  Once cost data  has been 

c o l le c te d  as suggested in the  previous chapters to  meet the  r e q u ire ­

ment o f  economical o rd er q u a n t i ty  th eo ry ,  severa l a d d it io n a l  bene­

f i t s  can be expected. This  chapter presents some o f  the  expected  

re s u lts  o f  having b e t t e r  cost da ta  a v a i la b le .

Accuracy o f  Economical Order Q u a n t i t y  S o lu t io n
Improves as the  Measurement o f  the  Cost Factors Improves

A v a r ie t y  o f  cost a n a lys is  techniques have been demonstrated  

and recommended. The purpose o f  these measuring techniques was to  

e s ta b l is h  a more accura te  a l lo c a t io n  o f  overhead costs to  a product 

or p a r t .  D i f f e r e n t  methods were requ ired  to  a c c u ra te ly  d i s t r i b u t e  

costs to  a p a r t i c u la r  product o r  p a r t .  The a p p l ic a t io n  o f  these  

methods is a management d e c is io n .

I t  must in every ins tan ce , be determined when the  optimum bene­

f i t  from th is  a n a ly s is  is reached. Optimum v a lu e  has been reached 

when fu r t h e r  a n a ly s is  becomes as c o s t ly  as the  b e n e f i ts  reaped. In 

the m a jo r i ty  o f  the accounts y e t  to  be examined, the  amount o f  work 

necessary to  measure these costs as recommended is not an exc ep tio n ­

a l l y  tedious ta s k .  Spec ia l techniques such as work sampling can be 

u t i l i z e d  over a short period o f  t im e , and the  re s u lts  can be re ­

evaluated as re le v a n t  changes a re  known to occur.

56
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Disadvantage~~of Economical Order Q u a n tity  System

I t  would be in accu ra te  and m islead ing  i f  the  disadvantages o f  

an economical o rd er  q u a n t i ty  system were not pointed o u t .  From the  

a n a ly s is  o f  the c r i t i c a l  fa c to rs  analyzed in the  preceding ch ap ters ,  

fo u r  major d isadvantages stand o u t .

A. Although th e re  is a f a c to r  fo r  engineering  obsolescence  
in the  inventory  c a r ry in g  costs , when c a rry in g  la rg e r  in v en to r ie s  
r e s u l t in g  from economical o rder  q u a n t i ty  c a lc u la t io n s ,  the cost o f  
obsolescence can r i s e .

B. Accounting costs may increase due to  more d e ta i le d  account­
ing in fo rm ation  being necessary. These a d d i t io n a l  accounting costs 
w i l l ,  o f  course, be o f f s e t  by p e r ip h era l  b e n e f i ts  in o th e r  (c o n tro l )  
areas . These increased accounting costs w i l l  a lso  be o f f s e t  by the  
a v a i l a b i l i t y  o f  in fo rm atio n  f o r  b e t te r  dec is io n  making in o th e r  areas .

C. Although i t  is not a hard and f a s t  r u le ,  very  l i t t l e  in ­
d iv id u a l  judgement should be used in a l t e r in g  c a lc u la te d  economi­
cal o rd er  q u a n t i ty  requests . Production c o n tro l c le rk s  who would 
norm ally  be provided w ith  simple techniques f o r  r e c a lc u la t in g  eco­
nomical o rd er  q u a n t i t ie s  are  not in a p o s it io n  to  judge whether the  
q u a n t i ty  c a lc u la te d  is i r r a t i o n a l .  When a production co n tro l c le r k  
questions th e  re s u l ts  o f  the  economical o rder q u a n t i ty  c a lc u la t io n ,  
the  c le r k  should not a r b i t r a r i l y  make h is  own judgement as to  what 
the  q u a n t i ty  should be. However, the question  should be brought to  
the  a t te n t io n  o f  th e  production co n tro l manager. I f  the  production  
c o n tro l c le rk s  a re  perm itted  to a r b i t r a r i l y  l e t  in d iv id u a l  judge­
ment o f  th e  q u a n t i ty  re q u ire d ,  be s u b s t i tu te d  f o r  th e  c a lc u la te d  
economical o rd er  q u a n t i t i e s ,  the  system w i l l  no longer be v a l i d .
When th e re  is a choice to  be made, in the  long run i t  would be 
b e t t e r  to  accept the c a lc u la t io n s  ra th e r  than to  r e ly  on s u b je c t iv e  
i n t u i t i v e  judgement o f  a production co n tro l c le r k .

D. I f  the  economical o rder q u a n t i ty  theory  is not p ro p erly  
a p p l ie d ,  g re a te r  amounts o f  corpora te  cash a re  needed to  m ain ta in  
stock le v e ls .  I t  is easy to  perm it a technique such as economical 
o rd e r  q u a n t i ty  theory  to  become p a r t  o f  a b u re a u c ra t ic  procedure.  
Bureaucracy is d i f f i c u l t  to  change once i t  has been e s ta b l is h e d .
When e x c e ss ive ly  la rg e  amounts o f  c a p i ta l  a re  employed in change 
over to  economical o rd er  q u a n t i ty  methods, confidence in the  system 
lessens. The cost b e n e f i ts  from the  a p p l ic a t io n  o f  economical o rd er  
q u a n t i ty  a re  not e a s i ly  seen, but any shortcomings, rea l o r  imagined, 
are  r e a d i ly  id e n t i f i e d  w ith  the technique.
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E. One problem which must be recognized in apply ing  economi­
cal o rd e r  q u a n t i ty  theory is d iscontinuous cost r e la t io n s h ip s .  I f  
some o f  the  re le v a n t  cost' func tions  show a stepwise progression i t  
becomes im portant to  consider the re le v a n t  range over which the  cost 
data is v a l i d .  A ty p ic a l  example is the cost o f  foremen superv is ing
d i r e c t  la b o r .  The number o f  foremen need not be increased (nor nec­
e s s a r i ly  decreased) except as d i r e c t  labor changes over a wide range.

When p ro p e r ly  a p p l ie d ,  in con junction  w ith  modern methods o f  

machine loading and m a te r ia l  hand ling , economical o rder q u a n t i t ie s  

can reduce the  cost o f  in v e n to r ie s .  The volume o f  parts  in s tock  

may in c rease , but a t  the same tim e in d i r e c t  expenses a t t r ib u te d  to  

processing these p a rts  per u n i t  may decrease. The reduced expenses 

can o f f s e t ,  o r  even be g re a te r  than , the  added m a te r ia l  and labor  

costs o f  the  increased volume o f  p a r ts .  Because o f  the u n c e r ta in ­

t ie s  o f  eng ineering  obsolescence, s to ra g e , and sales f lu c tu a t io n s ,  

a p r a c t ic a l  p o l ic y  is to l i m i t  the  economical o rder q u a n t i ty  o f  a

s in g le  p a r t  to  tw e lve  months.

Advantages o f Economical Order Q u a n tity  Usage

The many gains from economical o rder q u a n t i ty  fo rm u la tio n  are  

co n tingent upon s u c c e s s fu l ly  determ in ing the  re le v a n t  c o sts . Man­

agement must be prepared to e l im in a te  and /  o r  increase c e r ta in  

costs (personne l,  equipment, in v e n to r ie s )  to  increase p r o f i t a b i l i t y  

through a p p l ic a t io n  o f  the  economical o rder q u a n t i ty  theory .

A good approach towards reducing costs is a computer s im u la tio n  

o f  the  e f fe c ts  o f  economical o rder q u a n t i t ie s  f o r  a l l  re le v a n t  manu­

fa c tu re d  and purchased p a r ts .  A sales  fo re c a s t  could be used as the  

basis o f  monthly requirem ents. Once the  economical o rder q u a n t i t ie s
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have been e s tab lish ed  f o r  each p a r t ,  the number o f  orders to be 

processed per month in the  production  departments o r  placed w ith  

vendors can be compared to expec ta tions  from the  present system.

When the economical o rder  q u a n t i ty  is c a lc u la te d  fo r  each p a rt  

( r e c a lc u la t io n  is necessary when demand changes) and the t o t a l  num­

ber o f  orders per month is known, the  expected t o t a l  inventory  cost 

can be c a lc u la te d .  Comparing cost reductions in the setup costs ,  

and the p o ss ib le  decrease in the  number o f  o rders  processed through  

the  production departments to the  inven tory  c a r ry in g  costs , m in im i­

z a t io n  o f  t o t a l  net costs can be approached.

When, because o f  a change in usage, i t  is necessary to r e c a l ­

c u la te  a p a r t 's  economical o rd er  q u a n t i ty ,  th is  re -e v a lu a t io n  can 

be performed e i t h e r  manually o r  w ith  the  computer. I t  is not d i f f i ­

c u l t  to  perform the  c a lc u la t io n s  m anually , using nomographs as c a l ­

c u la t in g  to o ls .  Management can e f f e c t  the  cost reduction  recommended

through the  change in number o f  orders processed. The change in num­

ber o f  o rd e rs ,  reduces the  t o t a l  o f  se tup , m a te r ia ls  handling , and 

o rd e r  processing costs .

Example:

I f  the  s im u la t io n  study shows a reduction  

from 4000 orders a month to  2000 o rders  a

month, then th is  represents  a 50% reductio n

In  o rd e rs .

I f  the number o f  machine shop inspectors  was 

15 o r i g i n a l l y ,  the number should be cu t
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approxim ate ly  50%^, say from 15 to  9 , thus 

p ro v id in g  fo r  a margin o f  e r r o r .

A s im i la r  reduction  should then occur in many c a teg o r ie s  o f  

setup c o sts .  O v e ra l l  cost reduction  cannot be accomplished one p a r t  

a t  a t im e . A complete system, inc lud ing  thousands o f  p a r ts ,  must be 

analyzed as a whole to  take  advantage o f  group cost reductions and 

reassignment o f  work e f f o r t .

Other Areas Where The Recommended Cost 
Measurements Can Be Applied

Another reason f o r  ana lyz ing  the  costs o f  manufactured p arts  

is to  e s ta b l is h  the  fo l lo w in g  questions in the  minds o f  management 

pe rso n n e l:

A. I f  the  economics o f  doing business as presented in th is  
research a n a ly s is  o f  manufactured parts  is p r o f i t a b l e ,  how is th is  
p r o f i t a b i l i t y  accomplished?

B. Can these same a n a ly s is  p r in c ip le s  be ap p lie d  in o th e r  
areas o f  the  business?

C. Are costs a c c u ra te ly  measured f o r  p ro p e r ly  de te rm in ing  our  
sh o rt and long range p r o f i t a b i l i t y  goals?

D. Are budgets r e a l i s t i c  and how can they be improved?

E. Do managers p re s e n t ly  understand the  in t e r - r e la t io n s h ip s  
o f  a l l  cost fa c to rs ?  I f  managers do not understand these i n t e r ­
re la t io n s h ip s  what courses o f  a c t io n  can be taken?

F. How are  the  c o n f l i c t s  between s h o rt  and long range p r o f i t ­
a b i l i t y  goals resolved?

A b r i e f  comment is in o rd e r  about those areas were improved

^Review page kO.
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cost measurement can a s s is t  management in a r r iv in g  a t  workable so­

lu t io n s  f o r  the  questions asked. These suggestions a re  based on 

in s ig h t  gained during  the  p u rs u i t  o f  th is  study.

The a d d it io n a l  p r o f i t a b i l i t y  in question  A can be achieved by 

the a p p l ic a t io n  o f  an economical o rder  q u a n t i ty  system using the  

cost measurements o u t l in e d  in th is  paper. Before i n s t a l l a t io n  o f  

such an economical o rder q u a n t i ty  system, a computer s im u la t io n  

study (depending on the  volume o f  pa rts  and s o p h is t ic a t io n  o f  the  

cost da ta  developed) o r  some a l t e r n a t i v e  sampling procedure to  te s t  

the theory  should be performed.

The same cost measurement techniques tes ted  in Chapter V and 

recommended in Chapter VI can be app lied  to  o th e r  business decis ions  

as in fe r re d  by question  B. Examples o f  these business areas are  

given in answers to  questions C and D.

Question C r e f e r r in g  to  sh o rt  and long range p r o f i t a b i l i t y  

g o a ls ,  and question  F p e r ta in in g  to  c o n f l i c t s  between sh o rt  and 

long range g o a ls ,  can be resolved by having accurate  cost inform a­

t io n .  The manager can b e t te r  e v a lu a te  the  sh o rt  and long range pro­

f i t a b i l i t y  g o a ls ,  and can a lso  s e le c t  the  more p r o f i t a b le  s o lu t io n  

when the  goals c o n f l i c t .  Short range goals and long range goals  

o f te n  c o n f l i c t ,  and accura te  cost in fo rm ation  is necessary to  pro­

p e r ly  e va lu a te  the  e f fe c ts  o f  both these p lanning goals.

W ithout accu ra te  cost in fo rm ation  i t  is d i f f i c u l t  f o r  budgets 

to  be r e a l i s t i c  as in d ica ted  by question  D. Budgets can be b e t te r  

eva luated  a f t e r  an a lyz in g  overhead costs to  understand when and why
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personnel are re q u ire d .  Present budgets a re  u s u a lly  based on the  

p r o f i t  budgeted from fo recas ted  sa les  d o l la r s  and sales volume. Yet 

many costs are  based on the number o f  o rd e rs ,  number o f models, num­

ber of vendor orders p laced, as w e ll  as the  number o f  p arts  produced. 

As s ta ted  in the analysis';" o rd e rs ,  models, q u a n t i ty  o f  p a r ts ,  e t c . ,  

are  not d i r e c t l y  p ro p o rt io n a l to sa les  d o l la r s  and sales volume.

I t  is doubtfu l as asked in question E th a t  most managers p re ­

s e n t ly  understand the com plexity  o f  measuring most cost f a c to r s .  A l l  

cost fa c to rs  should be expla ined to  managers a f t e r  accounting person­

nel have reached agreement on the various measuring techniques es tab ­

lished  in Chapters V and V I .  The managers should then work as in ­

d iv id u a ls  and as team members to  reduce costs through s im p l i f ie d  sys­

tems and e l im in a t io n  o f  unnecessary overhead.

Question F in fe rs  th a t  c o n f l ic t s  in sh o rt  and lon-g range goals 

should be reso lved . C o n f l ic ts  between s h o rt  and long range p r o f i t  

goals a re  not on ly  d i f f i c u l t  to  re s o lv e ,  but many times managers do 

not r e a l i z e  th a t  these goals can be c o n f l i c t in g .

Examp1e:

On accepting  one spec ia l o rd er from a customer 
th e re  is no a d d it io n a l  cost to  m anufacturing except 
lab or and m a te r ia l ,  unless a company is o p era t in g  a t  
abso lu te  peak c a p a c ity .  N orm ally , th e re  are  adequate  
personnel in en g in eer in g , accounting , production con­
t r o l ,  personnel, e t c . ,  e t c . ,  to  process th is  one e x tra  
o rd e r .

I t  could be argued fo r  var ious  business reasons 
t h a t  the order  should be accepted and priced  out w ith  
normal standard cost overhead ra te s .  I t  could even be 
shown th a t  the overhead charges were a c t u a l ly  p r o f i t s ,  
s in ce  no a d d it io n a l  personnel a re  requ ired  and id le  
tim e would occur i f  the  o rd er  were not accepted.
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The dec is ion  to  accept the  o rder would then be 
a d ec is io n  based on a s h o rt  term goal o f  u t i l i z i n g  ex­
cess c a p a c ity .  However, i f  many orders were accepted 
over the  same period  o f  t im e , e v e n tu a l ly  more personnel 
would be added to  overhead in excess o f  the  cost charged 
to  the customers.

Thus, the sh o rt  range goal o f  increased p r o f i t s  would not be 

com patib le  w ith  the long range re s u lts  o f  increased costs . I f  man­

agers understand the  cost re la t io n s h ip s  they w i l l  be b e t te r  prepared  

to  choose between and implement s h o rt  and long range o b je c t iv e s .

There are  many types o f  c o n f l i c t s  in business dec is ion  making 

where long and s h o rt  range p r o f i t  goals are  in d i r e c t  c o n f l i c t .

These w i l l  not be discussed in d iv id u a l ly .  However, a l i s t  o f  major  

c a te g o r ie s  is o f fe re d  f o r  use as a guide .

1. "Make o r  buy" d e c is io n s .

2. New model costs .

3 . Government c o n tra c t  b id d in g .

k .  Specia l o rder p r ic in g .

5 . Stanard cost burden a p p l ic a t io n .

6 . D i r e c t  cost burden a p p l ic a t io n .

In proposing the  type o f  cost a n a ly s is  suggested in th is  th e s is ,  

an accountant's  f i r s t  re ac t io n  would be to  p o in t  out the excessive  

cost o f  o b ta in in g ,  a n a ly z in g , and re p o r t in g  the d a ta .  In r e a l i t y ,  

once th is  type o f  cost an a lys is  is demanded by management, th e re  

are  many sh o rt  cuts which can be taken toward c o l le c t in g ,  e v a lu a t in g ,  

and re p o r t in g  the f in d in g s .  Many years have been spent reducing  

the  cost o f  d i r e c t  labor through the a d d it io n  o f  more s o p h is t ic a te d  

machinery and automation, but the cost o f  a l l  o f  the overhead fa c to rs
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creeps upward co n tin u o u s ly .  Management should a ttem pt to analyze  

as many expenses as p o s s ib le  as d i r e c t  labor o r  setup costs , s ince  

a l l  necessary expenditures  in a c o rp o ra t io n  c o n tr ib u te  to the  de­

s ig n , m anufacture, d i s t r i b u t i o n ,  and s a le  o f  the  product.
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APPENDIX I 
ALLOCATION OF̂  EXPENSE FOR 

1963 -  ‘64 STANDARDS

NO. OF DIRECT 
LABOR PEOPLE 
AS OF 4 /3 0 /6 3

600 In d u s t r ia l  Truck D iv is io n
602 Welding Department 41
603 Machine D ept. 88
604 U prigh t Machining S- Welding

Dept. 26
605 C u tt in g  Department 27
606 T i l t  & L i f t  C y lin d er &•

Valve  D ept. 9
607 Sub Assembly Dept. 18
608 Heavy Assembly Dept. 20
609 M o d if ic a t io n  Dept. 53
611 P a in t  Dept. 24
612 C a r r ie r  Assmy. Dept. 2
613 L ig h t  Assmy. Dept. 18
6 14 Motor Assmy. Dept. 13
615 U p r ig h t Assmy. Dept. 8
616 Burr Dept. 25
617 Shear & Form Dept. 9
618 Heavy Aux. Assmy. Dept. 12
621 P0W Assmy. Dept. 4
622 Attachment Mach. Dept. 89
623 Attachment Assmy. Dept. 49
625 Reach Truck Assmy. Dept. 7
626 C a r r ie r  Fab. Dept. 10

T o ta l  600 D iv is io n  552
630 Tool M anufacturing  D iv .  
640 M a in t .  & Repair D iv .
666 C entra l Development D iv .
667 S e rv ice  Engr. D iv .
669 Tech. S e rv ic e  D iv .
155 Export
153 Sales

Branch Accounting  

Grand T o ta l

65
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er ia l
1.24#

Attachment Parts L is t

0270R Rev. 10-58 Route Sheet & Tool Sheet
Date 4 -19 -63  CLARK EQUIPMENT COMPANY

INDUSTRIAL TRUCK DIVISION 
Block BATTLE CREEK, MICHIGAN

P art Name Side P la te  R eta iner

Page 1  o f  1  P art  No. 1303072 
Rev. No. 2
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No.

D escr ip t io n  o f  
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Tools &
F ix tures
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No.

Mach.
Code
No.
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020
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030 Burr. 612 077 - 0 - Est. .0050

D e l. to Area-K.

Change No. 1-Note added & Rate entered on oper. 010. A l t .  oper. 1010 added & Rate entered (3 /1 0 /6 4 )
Change No. 2 -0 p er .  1020 added to oper. 010. Rate Entered. A l t .  oper. 2020 added & Rate e n te re d (3 /2 3 /6 4 )

OPERATIONS, METHODS, TOOLS & EQUIPMENT NOT TO BE CHANGED UNLESS PROPERLY CLEARED THROUGH INDUSTRIAL ENGINEERING.

Appr. by Ind.Eng.Dept. W.Y. Tool Eng. ______ R.R. Dept. Supt.
ON
ON

APPENDIX 
II



APPENDIX I I I  
ROUTE SHEET COST

SUPPLIES

PAPER,white,850 ,000  s h e e ts ,1700 reams @ 1 .2 9  
DITTO MASTERS,10,000 @ 60.514M  
FLUID, 100 g a l .  @ 1.70 g a l .
FORM C-358, 25,000 @ 301 .82  per 20M 
PAPER, y e l lo w ,  100 reams @ 1.29  
MOVE TICKETS, 70 ,000  @ 11.68 per M 
CARBON PAPER, 1,000 @ 4 .7 5  per C 
CORRECTION TAPE, 10 @ .45 r o l l

NINE MONTH TOTAL

484 6 .97  = 538 .55  per month Per Order  
9 3293 Ave. per month

$ 2193 .00  
605 .14  
170.00  
452.73  
129.00  
8 1 7 .6 0  
475.00  

4 .5 0

$ 4846.97

$.163541

LABOR

MACHINE SHOP SCHEDULERS, n ine  $ 4800.00
CLERKS, in shop D ept, f i v e  @ 400 .00  Mo. 2000.00
STOCK HANDLERS, 603 S to c k ,n in e  @ 450 .00  Mo. 4050.00  
STOCK HANDLERS,Main S to c k ,th re e  @ 4 50 .00  Mo. 1350.00

$ 12200.00

12 ,200 .00  = 3 .7 0 4 8 2  per order  
3293 $3.70482

OFFICE LABOR

INDUSTRIAL ENG., one and 3 /4  T y p is ts  @250.00 $ 437 .50
COST DEPT, one and 1 /4  C lerks @275.00 375.00
TABULATING DEPT., Two C lerks  @336.00 672.00

$ 1484.50

1484.50 = .44776  
3293 $ .44776

MATERIAL HANDLING

One Route Sheet average f i v e  o p e ra t io n ,  th re e  dep t. 2 .6  x 2 .50
$ 6 .5 0
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OR

Actual a t  100% e f f i c ie n c y  1.7248 x 2 .5 0  $ 4 .3 1 2

AVERAGE ORDERS PER MONTH -  3293

TOTAL COST PER ORDER W/0 MATERIAL HANDLING $ 4 .31612
TOTAL COST PER ORDER W/MATERIAL HANDLING $10.81612
TOTAL COST PER ORDER W/M.H. E f f ic ie n c y -1 0 0 %  $ 8 .62812

J .  R. Dean 
Mfg. Eng. 
10 - 1 -6 0
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