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I . I n f l u e n c e of P r o d u c t i o n V o l u m e on T e c h n o l o g y and E c o n o m i c s 

1. T h e e c o n o m i c s of s c a l e d e s e r v e p r i m e c o n s i d e r a t i o n w h e n i n t r o -

duc ing n e w m a n u f a c t u r i n g p l a n t s i n t o d e v e l o p i n g c o u n t r i e s o r w h e n r e -

a d j u s t i n g and r e e q u i p p i n g m a n u f a c t u r i n g f a c i l i t i e s t o b e s t s e r v e a s p e c i f i c 

m a r k e t a c c o r d i n g t o i t s p r e s e n t a n d f o r e c a s t d e m a n d s . T h e a u t o m o t i v e 

i n d u s t r y of L a t i n A m e r i c a o f f e r s n u m e r o u s c a s e s w h e r e the e c o n o m i c s 

of s c a l e n e e d t o be t a k e n in to a c c o u n t . S o m e of t h e s e c a s e s d e m o n s t r a t e 

p r o p e r s o l u t i o n s of the p r o b l e m of d e a l i n g w i th t h e a n t i c i p a t e d v o l u m e of 

p r o d u c t i o n ; one a l s o f i n d s c a s e s w h e r e d i s r e g a r d of e c o n o m i c s of s c a l e 

l e d t o d i f f i c u l t i e s o r e v e n o u t r i g h t f a i l u r e s . 

2 . T h e p r o b l e m s p o s e d by the e c o n o m i c s of s c a l e a r e o f t e n c o m p l e x , 

b e c a u s e of the m a n y e l e m e n t s t h a t h a v e t o be c o n s i d e r e d a n d b e c a u s e of 

t h e i r i n t e r t w i n e d r e l a t i o n in the a r e a s of t e c h n o l o g y , f i n a n c i a l a r r a n g e -

m e n t , p e r s o n n e l i n t e g r a t i o n , g o v e r n m e n t r e g u l a t i o n s , u t i l i t i e s , p l a n t 

l o c a t i o n , e t c . T h i s p a p e r e x a m i n e s t h e s e v a r i o u s e l e m e n t s and t h e i r 

i n t e r a c t i o n , s u g g e s t s a m e t h o d of a s s e m b l i n g and a n a l y z i n g t h e s i g n i f i -

cant d a t a , and a r r i v e s a t a m e t h o d of c o s t a n a l y s i s and c o s t c o m p a r i s o n s 

f o r v a r i o u s v o l u m e s of p r o d u c t i o n . C a s e s d r a w n f r o m t h e m a n u f a c t u r e of 

a u t o m o t i v e p a r t s a r e u s e d to i l l u s t r a t e t h e r e c o m m e n d e d t e c h n i q u e s . 

\ 
\ 
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II. F a c t o r s I n f l u e n c i n g E c o n o m i c s of P r o d u c t i o n 

3. T o a r r i v e at the m o s t e c o n o m i c a l c o n d i t i o n s f o r the m a n u f a c t u r e 

of a p r o d u c t or p r o d u c t s , at v a r i o u s l e v e l s of p r o d u c t i o n v o l u m e , it i s 

of c o u r s e i m p o r t a n t t o a i m at the l o w e s t p o s s i b l e m a n u f a c t u r i n g c o s t . 

M a n y i t e m s e n t e r i n t o the c o m p u t a t i o n of the m a n u f a c t u r i n g c o s t and 

t h e i r i n f l u e n c e on d i r e c t l a b o r c o s t s a s w e l l a s on i n d i r e c t l a b o r c o s t 

and o v e r h e a d c o s t s m a y v a r y w i t h the v a r y i n g s c a l e of p r o d u c t i o n . 

The d e t e r m i n a t i o n of t h e s e e l e m e n t s d i r e c t l y a f f e c t i n g m a n u f a c t u r i n g 

c o s t i s d i s c u s s e d i n t h e n e x t c h a p t e r . B u t t h e r e a r e m a n y f a c t o r s 

b e s i d e s m a n u f a c t u r i n g c o s t tha t m u s t be c o n s i d e r e d , b e c a u s e t h e y 

t o o a f f e c t t h e e c o n o m i c s of s c a l e i n v a r y i n g d e g r e e s . 

4 . The c h o i c e of t e c h n o l o g y t o be u s e d f o r t h e i n d i c a t e d p r o d u c t i o n 

v o l u m e h a s , of c o u r s e , a b e a r i n g on the m a n u f a c t u r i n g c o s t . B u t t h a t 

c h o i c e a l s o d e t e r m i n e s t h e t y p e a n d s i z e of p l a n t r e q u i r e d , t h e r a w 

m a t e r i a l t o be u s e d , t h e t y p e and a m o u n t of v a r i o u s u t i l i t i e s , w h a t 

t y p e of t o o l i n g w i l l be c a l l e d f o r , and w h a t s k i l l s w i l l be n e e d e d t o 

o p e r a t e t h e e q u i p m e n t . The s i z e of i n v e s t m e n t i n p l a n t and e q u i p m e n t 

h a s t o be w e i g h e d a g a i n s t p o t e n t i a l m a n u f a c t u r i n g c o s t a d v a n t a g e s . T h e 

c h o i c e of t e c h n o l o g y a l s o a f f e c t s t h e a m o u n t of w o r k in p r o c e s s and 
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"è 

i n v e n t o r i e s , i t e m s w h i c h w i l l d e m a n d a s u b s t a n t i a l s h a r e of the r e q u i r e d 

w o r k i n g c a p i t a l . 

III. M a n u f a c t u r i n g C o s t E l e m e n t s 

5. It m a y be u s e f u l t o l i s t t h o s e c o s t e l e m e n t s w h i c h w i l l h a v e a 

s i g n i f i c a n t i n f l u e n c e on the e c o n o m i c s of m a n u f a c t u r i n g a t v a r y i n g 

p r o d u c t i o n l e v e l s o r w h e n a n a l y z i n g c o s t s f o r a l t e r n a t e m a n u f a c t u r i n g 

m e t h o d s . T h e s e c o s t e l e m e n t s f a l l i n t o t w o c l a s s e s , n a m e l y , v a r i a b l e 

c o s t s and f i x e d c o s t s ; i n a f e w i n s t a n c e s , c o s t e l e m e n t s m a y b e p a r t l y 

f i x e d and p a r t l y v a r i a b l e . T h e v a r i a b l e c o s t s a r e d i r e c t l y p r o p o r t i o n a t e 

t o the p r o d u c t i o n v o l u m e , t h a t i s , t o the n u m b e r of p i e c e s p r o d u c e d o r 

to t h e n u m b e r of h o u r s of d i r e c t l a b o r . T h e f i x e d c o s t s , a s the n a m e 

i m p l i e s , r e m a i n e s s e n t i a l l y u n c h a n g e d f o r a s p e c i f i c m a n u f a c t u r i n g 

m e t h o d r e g a r d l e s s of the p r o d u c t i o n l e v e l . 

6 . T w o m a j o r v a r i a b l e c o s t i t e m s a r e d i r e c t m a t e r i a l s and d i r e c t 

l a b o r . A s l o n g a s t h e m a n u f a c t u r i n g m e t h o d d o e s not c h a n g e , the c o s t 

p e r p i e c e f o r m a t e r i a l and d i r e c t l a b o r r e m a i n s f a i r l y c o n s t a n t and i s 

not a f f e c t e d b y v o l u m e . A n e x c e p t i o n m a y o c c u r f o r s o m e m a t e r i a l s , 

w h e n i n c r e a s e d v o l u m e m a y r e d u c e c o s t b e c a u s e of q u a n t i t y d i s c o u n t s 

f r o m the s u p p l i e r o r b e c a u s e of l o w e r t r a n s p o r t a t i o n c o s t . B u t v e r y 

s i g n i f i c a n t c o s t d i f f e r e n c e s m a y a p p e a r i n t h e s e t w o i t e m s w i t h c h a n g e s 
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i n m a n u f a c t u r i n g m e t h o d s , p a r t i c u l a r l y w h e n h i g h e r v o l u m e s a l l o w the 

a d o p t i o n of s e m i a u t o m a t e d or f u l l y a u t o m a t e d p r o d u c t i o n m e t h o d s . 

E x a m p l e s d e s c r i b e d i n t h e l a t e r s e c t i o n of t h i s p a p e r w i l l g i v e s p e c i f i c 

d a t a , l i k e a c h a n g e o v e r f r o m a m e t h o d u s i n g b a r s t o c k on a u t o m a t i c b a r 

m a c h i n e s t o a m e t h o d u s i n g r o u n d w i r e on c o l d - h e a d e r s . S i m i l a r l y the 

c o n t e n t of d i r e c t l a b o r c o s t m a y c h a n g e d r a m a t i c a l l y w i t h a c h a n g e of 

m e t h o d s . In f a c t , i n c a s e s of f u l l a u t o m a t i o n t h e d i r e c t l a b o r c o n t e n t 

m a y v i r t u a l l y s h r i n k t o z e r o . 

7 . A n u m b e r of o v e r h e a d c o s t e l e m e n t s a r e v a r i a b l e . T h e s e e l e m e n t s 

do no t a l t e r t h e u n i t c o s t at v a r y i n g v o l u m e s a n d do no t e n t e r i n t o the 

e c o n o m i c s of s c a l e , u n l e s s a m e t h o d c h a n g e a l s o i s i n v o l v e d . T h e y a r e 

s u c h i t e m s a s m a i n t e n a n c e of s e t u p , p e r i s h a b l e t o o l s , e l e c t r i c p o w e r , 

e t c . T h e n t h e r e a r e s e m i v a r i a b l e c o s t e l e m e n t s w h i c h a r e c o m p o s e d 

of b o t h f i x e d a n d v a r i a b l e e x p e n s e s . If the f i x e d p o r t i o n of s u c h c o s t 

e l e m e n t s i s r e l a t i v e l y l a r g e , it m a y h a v e a s i g n i f i c a n t i n f l u e n c e on t h e 

un i t c o s t at v a r i o u s p r o d u c t i o n v o l u m e s . E x a m p l e s of s e m i v a r i a b l e 

c o s t i t e m s a r e s u p e r v i s i o n and c l e r i c a l s a l a r i e s , g e n e r a l i n d i r e c t l a b o r . 

F i x e d c o s t e l e m e n t s m a y p l a y an i m p o r t a n t r o l e i n t h e e c o n o m i c s of 

s c a l e , s i n c e t h e y r e m a i n c o n s t a n t at a l l p r o d u c t i o n v o l u m e , a l t h o u g h 

s o m e m a y c h a n g e w i t h c h a n g e s i n m a n u f a c t u r i n g m e t h o d s . E x a m p l e s 

of f i x e d c o s t i t e m s a r e p r o p e r t y t a x e s , d e p r e c i a t i o n c h a r g e s , c e r t a i n 

i n s u r a n c e i t e m s , a n d a d m i n i s t r a t i v e e x p e n s e s . 
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IV. Cost Analysis and Cost Comparisons 

8. To complete the more or less theoretical and very elementary 

part of this paper, it seems appropriate to recommend a method which 

will lend itself to a reliable cost analysis and cost comparison, when 

considering the economics of scale from the viewpoint of varying pro-

duction volumes and alternate technologies. It must also be assumed 

that adequate cost data and standards are available for a current opera-

tion, when an investment involving a new technology or a different scale 

of production is being contemplated. The method recommended for this 

purpose is based on budgetary control procedures. Such control is based 

on standards, applied to direct labor, material, indirect labor, and all 

overhead expenses with due regard to the nature of the costs, whether 

they are variable, fixed or semivariable. 

9. The budget standards for overhead expenses of a department are 

recorded on a budget standard rate sheet. A n example of such a two 

page document is shown in Figures 1 and 2. Note that the standards are 

expressed in dollars, the variable costs in dollars per standard produc-

tive labor hour, the fixed costs in dollars per month (21. 25 working days). 

The total budgeted manufacturing expense is $6, 271 of fixed expenses 

and $1. 5499 per standard productive labor hour. The normal activity 
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of t h e i r d e p a r t m e n t i s 5, 8 1 4 s t a n d a r d p r o d u c t i v e l a b o r h o u r s p e r m o n t h , 

r e s u l t i n g i n a v a r i a b l e e x p e n s e of $ 9 , 0 1 1 . A d d i n g t o t h i s $ 6 , 2 7 1 of 

f i x e d e x p e n s e s , w e a r r i v e a t a b u d g e t e d e x p e n s e of $ 1 5 , 2 8 2 at h i g h t a s k . 

T h e a d j u s t e d b u d g e t e d e x p e n s e t a k e s i n t o a c c o u n t t h a t the e f f i c i e n c y of 

p r o d u c t i v e l a b o r i s e x p e c t e d at 8 3 - 1 / 3 % of h i g h t a s k , w h i c h w i l l r e s u l t 

i n $ 1 0 , 8 1 3 of v a r i a b l e e x p e n s e p l u s $ 6 , 271 f i x e d e x p e n s e , or an a d j u s t e d 

b u d g e t e d e x p e n s e of $ 1 7 , 0 8 4 . T h i s a m o u n t d i v i d e d b y 5 , 8 1 4 r e s u l t s i n 

a d e p a r t m e n t a l b u r d e n r a t e of $ 2 . 9 4 p e r s t a n d a r d p r o d u c t i v e l a b o r h o u r . 

10 . T h e p r i m a r y p u r p o s e of t h e b u d g e t s t a n d a r d r a t e s h e e t i s t o f o r m 

a b a s e f o r t h e b u d g e t a r y c o n t r o l of the p l a n t o p e r a t i o n s and f o r the 

e s t a b l i s h m e n t of a s t a n d a r d c o s t s y s t e m . B u t a b u d g e t s t a n d a r d r a t e 

s h e e t i s a l s o u s e f u l w h e n e x a m i n g the e c o n o m i c s of s c a l e u n d e r v a r i o u s 

c o n d i t i o n s a n d a s s u m p t i o n s . F o r a p r o j e c t e d o p e r a t i o n , i t i s n e c e s s a r y 

t o c o n s t r u c t a r a t e s h e e t b a s e d on e s t i m a t e d s t a n d a r d s . T h i s i s not a s 

f o r m i d a b l e a t a s k a s a p p e a r s at f i r s t g l a n c e , b e c a u s e e x p e r i e n c e a n d 

p a s t h i s t o r y w i l l a l l o w f a i r l y a c c u r a t e e s t i m a t e s of the e x p e c t e d c o s t s . 

T h e v i r t u e of t h e r a t e s h e e t l i e s a l s o i n the f a c t t h a t i t f a c i l i t a t e s a 

s y s t e m a t i c a n a l y s i s of the p r o b l e m and tha t n o s i g n i f i c a n t f a c t o r s w i l l 

b e o m i t t e d . T h e a u t h o r h a s u s e d t h i s m e t h o d , w h e n w o r k i n g on a p r o j e c t 

f o r a n e w p l a n t t o m a n u f a c t u r e a u t o m o t i v e s t e e r i n g l i n k a g e c o m p o n e n t s . 
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The o ld p l a n t w a s t o b e a b a n d o n e d , n n o d e r n t e c h n o l o g y i n t r o d u c e d . T h e 

q u e s t i o n w a s h o w m u c h w i l l i t c o s t and w i l l t h e i n c r e a s e d e f f i c i e n c y 

j u s t i f y the c o s t ? T o a n s w e r t h e s e q u e s t i o n s , a c o m p l e t e s y n t h e t i c 

b u d g e t w a s c o n s t r u c t e d , d e p a r t m e n t b y d e p a r t m e n t , and a p p l i e d t o a n 

a n t i c i p a t e d p r o d u c t i o n v o l u m e . T h e p r o j e c t w a s a p p r o v e d on the b a s i s 

of t h i s a n a l y s i s and t h e s u b s e q u e n t o p e r a t i o n r e s u l t s c l o s e l y a p p r o a c h e d 

the f o r e c a s t b u d g e t e d e s t i m a t e s . 

11. A f t e r a b u d g e t s t a n d a r d r a t e s h e e t i s c o m p l e t e d , t h e a n a l y s i s of 

the e f f e c t of s c a l e of p r o d u c t i o n and the c o m p a r i s o n b e t w e e n a l t e r n a t e 

m e t h o d s c a n be a d v a n t a g e o u s l y p r e s e n t e d i n g r a p h i c a l f o r m . A s i m p l e 

c a s e w i l l i l l u s t r a t e the u s e f u l n e s s of t h i s g r a p h i c a l p r e s e n t a t i o n . L e t 

us a s s u m e a p r o d u c t w i t h a p r e s e n t d e m a n d of 4 , 0 0 0 p i e c e s p e r m o n t h . 

B u d g e t s t a n d a r d r a t e s h e e t s h a v e b e e n p r e p a r e d f o r m e t h o d s A and B . 

M a n u f a c t u r i n g m e t h o d A w i l l r e q u i r e an i n v e s t m e n t of $ 1 0 0 , 0 0 0 . A 

m o r e s o p h i s t i c a t e d m e t h o d B w i l l r e q u i r e an i n v e s t m e n t of $ 2 0 0 , 0 0 0 , 

r e d u c e d i r e c t m a t e r i a l c o s t , d i r e c t l a b o r c o s t and t h e v a r i a b l e o v e r -

h e a d r a t e , b u t i n c r e a s e the f i x e d o v e r h e a d , m a i n l y b e c a u s e of the h i g h e r 

d e p r e c i a t i o n . The t o t a l s f o r t h e t w o m e t h o d s a r e : 

C o s t I t e m M e t h o d A M e t h o d B 

M a t e r i a l c o s t p e r p i e c e $ . 75 $ . 50 
D i r e c t l a b o r c o s t p e r p i e c e $ 1 . 5 0 $ 1 . 00 
V a r i a b l e o v e r h e a d c o s t p e r p i e c e $ 1 . 5 0 $ . 75 
Fixed o v e r h e a d c o s t p e r m o n t h $ 6 , 0 0 0 . 0 0 $ 1 0 , 0 0 0 . 0 0 
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T h e c o n d i t i o n s w i t h m e t h o d A a r e g r a p h i c a l l y r e p r e s e n t e d in F i g u r e 3, 

t h o s e w i t h m e t h o d B in F i g u r e 4 . At t h e e x p e c t e d n o r m a l v o l u m e of 

4 , 0 0 0 p i e c e s p e r m o n t h , t h e t o t a l b u d g e t e d m a n u f a c t u r i n g c o s t i s 

$ 2 1 , 0 0 0 w i t h m e t h o d A a n d t h e s t a n d a r d c o s t p e r p i e c e i s $ 5 . 2 5 . With 

m e t h o d B , t h e t o t a l c o s t i s $ 1 9 , 0 0 0 a n d t h e s t a n d a r d c o s t p e r p i e c e i s 

$ 4 . 7 5 . 

12 . T o a p p r a i s e the m e r i t of t h e s e t w o m e t h o d s a n d t o s e l e c t the 

m o s t e c o n o m i c a l one f o r the p r e v a i l i n g m a r k e t c o n d i t i o n s , i t i s s u g -

g e s t e d to d r a w up t h e c h a r t . F i g u r e 5 , w h i c h s u p e r i m p o s e s t h e t o t a l 

b u d g e t e d m a n u f a c t u r i n g c o s t p i c t u r e of m e t h o d B o v e r tha t of m e t h o d A . 

T h i s g r a p h i c a l r e p r e s e n t a t i o n i s r e v e a l i n g and g i v e s m a n a g e m e n t a 

r e l i a b l e t o o l t o c o m p a r e c o s t s o v e r a w i d e r a n g e of p r o d u c t i o n v o l u m e . 

C o s t of m e t h o d B a r e o b v i o u s l y h i g h e r t h a n m e t h o d A u n t i l w e r e a c h a 

m o n t h l y v o l u m e of 2 , 667 p i e c e s , at w h i c h p o i n t t h e c o s t of bo th m e t h o d s 

a r e e q u a l . A t the n o r m a l v o l u m e of 4 , 0 0 0 p i e c e s p e r m o n t h , m e t h o d B 

s h o w s a g a i n of $ 2 , 0 0 0 p e r m o n t h o v e r m e t h o d A . T h e d e c i s i o n h a s 

t o b e m a d e w h e t h e r t h e a d d i t i o n a l i n v e s t m e n t of $ 1 0 0 , 0 0 0 i s j u s t i f i e d 

by a y e a r l y s a v i n g of $ 2 4 , 0 0 0 in m a n u f a c t u r i n g c o s t s . A d e c i s i o n f o r 

t h e c o s t l i e r m e t h o d B w o u l d b e g r e a t l y f a v o r e d , if t h e r e w e r e a r e a s o n -

a b l e e x p e c t a t i o n tha t a v o l u m e h i g h e r t h a n 4 , 0 0 0 p i e c e s p e r m o n t h m i g h t 
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be e x p e c t e d , b e c a u s e the g a i n of m e t h o d B o v e r m e t h o d A i n c r e a s e s in 

d i r e c t p r o p o r t i o n t o the p r o d u c t i o n v o l u m e b e y o n d the b r e a k - e v e n p o i n t 

of 2 , 667 p i e c e s . F o r i n s t a n c e , at 5 , 3 3 3 p i e c e s p e r m o n t h , m e t h o d B 

h a s d o u b l e the a d v a n t a g e o v e r the 4 , 0 0 0 p i e c e l e v e l , s h o w i n g a g a i n of 

$ 4 8 , 0 0 0 a y e a r , w h i c h c e r t a i n l y w o u l d j u s t i f y the a d d i t i o n a l i n v e s t m e n t 

n e e d e d f o r m e t h o d B . 

13. Our f i n d i n g s s o f a r m a y b e s u m m a r i z e d a s f o l l o w s : A r e l i a b l e 

p r o c e d u r e f o r the s t u d y of e c o n o m i c s of s c a l e in t h e p r o d u c t i o n of a u t o -

m o t i v e c o m p o n e n t s - or f o r tha t m a t t e r of a n y p r o d u c t - s h o u l d h a v e 

f o r i t s b a s i s ân a d e q u a t e c o s t a c c o u n t i n g s y s t e m . A f l e x i b l e b u d g e t a r y 

c o n t r o l t e c h n i q u e i s r e c o m m e n d e d . T h e u s e of t h e m o s t e c o n o m i c a l 

t e c h n o l o g y h a s t o be w e i g h e d a g a i n s t the i n v e s t m e n t n e e d e d , a v a i l a b l e 

f u n d s , f l e x i b i l i t y t o c h a n g e o v e r t o o t h e r d e s i g n s , d e p r e c i a t i o n p o l i c i e s . 

L a b o r s k i l l s , a v a i l a b l e u t i l i t i e s , s o u r c e s of p r i m e m a t e r i a l , t o o l s 

and m a n u f a c t u r i n g s u p p l i e s and t h e i r p r i c e s p l a y a r o l e i n d e c i s i o n s 

c o n c e r n i n g the e c o n o m i c s of s c a l e . A f o r e c a s t of the m a r k e t d e m a n d s , 

n u m b e r of d e s i g n s a n d t y p e s , l o t s i z e s t o be p r o c e s s e d a r e f a c t o r s t o 

be c o n s i d e r e d . T h e r e l a t i o n b e t w e e n c o s t s of m a t e r i a l s , l a b o r , and 

e q u i p m e n t o f t e n v a r i e s s i g n i f i c a n t l y f r o m c o u n t r y t o c o u n t r y and w i l l 

a f f e c t the d e c i s i o n a s t o w h i c h m a n u f a c t u r i n g m e t h o d i s t h e m o s t 

e c o n o m i c a l f o r a p a r t i c u l a r s i t u a t i o n . F i n a l l y , t h e r e w i l l be c a s e s 
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w h e r e an a n a l y s i s w i l l s h o w that the e s t a b l i s h m e n t of a p r o d u c t i o n 

f a c i l i t y i s e c o n o m i c a l l y not f e a s i b l e b e c a u s e t h e v o l u m e i s i n s u f f i c i e n t 

t o j u s t i f y the c o s t of i n v e s t m e n t o r t h e o p e r a t i n g c o s t s w i t h a n y of 

the a v a i l a b l e t e c h n o l o g i e s ; s u c h c a s e s p r o m p t the a d o p t i o n of r e g i o n a l 

u n d e r s t a n d i n g s to c r e a t e a m a r k e t of s u f f i c i e n t m a g n i t u d e f o r an 

e c o n o m i c a l p r o d u c t i o n u n i t . 

14 . S o m e a s p e c t s of t h i s c o m p l e x i n t e r p l a y of m a n y f a c t o r s w i l l be 

b r o u g h t out i n g r e a t e r d e t a i l by c a s e s i n v o l v i n g the m a n u f a c t u r e of 

a u t o m o t i v e c o m p o n e n t s i n s m a l l and l a r g e v o l u m e s . T h e s e c a s e s 

a r e c i t e d p r i m a r i l y t o i l l u s t r a t e h o w t h e e c o n o m i c s of s c a l e a n d t h e 

t e c h n o l o g y of p r o d u c t i o n i n t e r r e l a t e . 

V . A u t o m o t i v e S t e e r i n g P u m p 

15. T h e m a c h i n i n g of the p u m p h o u s i n g , the b u l k i e s t and a l s o c o s t -

l i e s t p a r t of the p u m p a s s e m b l y , i s the s u b j e c t of t h i s s t u d y . A n 

e s t i m a t e d 3, 0 0 0 p i e c e s p e r m o n t h w i l l be r e q u i r e d in the f o r e i g n 

s u b s i d i a r y . A n o t h e r p l a n f o r a m o n t h l y c a p a c i t y of 5 0 , 0 0 0 p e r m o n t h 

f o l l o w s s o m e w h a t the s e t u p of a U . S . A . p l a n t , w h i c h i s g e a r e d f o r a 

p r o d u c t i o n of a r o u n d 8 0 , 0 0 0 p i e c e s p e r m o n t h . The e s t i m a t i n g p a r a m -

e t e r s f o r the s m a l l e r p l a n t s a r e : 
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a . R e q u i r e d r a t e of p r o d u c t i o n 

3, 0 0 0 p i e c e s p e r m o n t h 

50 w e e k s p e r y e a r , 5 d a y s p e r w e e k , one 7 h o u r 

s h i f t 

8 0 p e r c e n t m a c h i n e u t i l i z a t i o n 

R e q u i r e d r a t e of p r o d u c t i o n 21 p i e c e s p e r h o u r 

b . E q u i p m e n t c o s t i s b a s e d on U . S . p r i c e s ; s h i p p i n g c o s t s 

and e x p o r t d u t i e s a r e n o t i n c l u d e d . 

c . In a d d i t i o n t o the e q u i p m e n t c o s t s h o w n i n the t a b u l a t i o n , 

it i s e s t i m a t e d t h a t a s u m of $ 7 5 , 3 5 0 w i l l be e x p e n d e d 

f o r s t a r t i n g c o s t s , w h i c h i n c l u d e e n g i n e e r i n g s e r v i c e s , 

v e n d o r t o o l i n g , h a n d l i n g e q u i p m e n t , t r a i n i n g , e t c . 

The e q u i p m e n t c o s t b r e a k d o w n f o r t h i s o p e r a t i o n i s s h o w n i n t h e 

f o l l o w i n g t a b u l a t i o n , w h i c h g i v e s a l i s t of o p e r a t i o n s , the h o u r l y 

p r o d u c t i o n r a t e f o r e a c h o p e r a t i o n and the c o s t s of e q u i p m e n t 

i n c l u d i n g p e r m a n e n t t o o l i n g . 
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16. The m a c h i n e t o o l s a r e m o d e r n g e n e r a l p u r p o s e t o o l s . A s 

i n d i c a t e d in the t a b u l a t i o n , one o p e r a t o r w i l l be a b l e t o r u n , in 

s o m e i n s t a n c e s , m o r e t h a n one m a c h i n e t o o l s i m u l t a n e o u s l y , the 

to ta l d i r e c t l a b o r t i m e b e i n g 2 1 , 3 0 1 h o u r s p e r 100 p i e c e s . T h e 

c a p i t a l i n v e s t m e n t i s $ 3 1 5 , 2 0 0 in l o c a l U . S . p r i c e s . 

17. The l a r g e r p l a n t f o r 5 0 , 0 0 0 p i e c e s p e r m o n t h e m p l o y e d a 

m o r e s o p h i s t i c a t e d t e c h n o l o g y w i t h s p e c i a l p u r p o s e m a c h i n e t o o l s , 

a l a r g e a m o u n t of a u t o m a t i o n and a u t o m a t i c g a g i n g . The d i r e c t 

l a b o r c o s t i s r e d u c e d to 3, 931 h o u r s p e r 100 p i e c e s and the c a p i t a l 

i n v e s t m e n t a m o u n t s t o $ 7 9 2 , 0 0 0 . T h e t a b u l a t i o n f o r the l a r g e 

c a p a c i t y p lant i s a s f o l l o w s on the n e x t p a g e . 
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18. T o s t u d y the e c o n o m i c s of s c a l e f o r t h i s p a r t i c u l a r s u b j e c t , i t 

i s a s s u m e d that the m a t e r i a l c o s t , n a m e l y , the c o s t of the h o u s i n g 

c a s t i n g , i s c o n s t a n t and e q u a l i n a n y s i t u a t i o n . T h e a v e r a g e d i r e c t 

l a b o r r a t e in the s u b s i d i a r y p l a n t w i l l b e $ 1 . 50 p e r h o u r , i n t h e U . S . A . 

p lant i s $ 4 . 00 p e r h o u r . T h e c a p i t a l i n v e s t m e n t w i l l be a m o r t i z e d 

o v e r a p e r i o d of 10 y e a r s ( 1 2 0 m o n t h s ) , s o tha t the d e p r e c i a t i o n c h a r g e 

p e r m o n t h w i l l be 1 / 1 2 0 of t h e c a p i t a l i n v e s t m e n t . E m p l o y i n g the b u d -

g e t i n g c o n t r o l t e c h n i q u e , t h e a n a l y s i s , g i v e n h e r e i n a s o m e w h a t 

a b b r e v i a t e d f o r m , c a n b e c o n d u c t e d a s f o l l o w s : 

19 . A . S u b s i d i a r y p lant f o r 3, 0 0 0 p i e c e s p e r m o n t h 

. 2 1 3 h o u r s p e r p i e c e a t d i r e c t l a b o r c o s t 

of $ 1 . 50 p e r h o u r 

V a r i a b l e o v e r h e a d at 250% of d i r e c t l a b o r 

T o t a l v a r i a b l e c o s t p e r p i e c e 

F i x e d o v e r h e a d (not i n c l u d i n g d e p r e c i a t i o n 

D e p r e c i a t i o n on $ 3 1 5 , 0 0 0 

T o t a l m o n t h l y f i x e d o v e r h e a d 

B . P l a n t f o r 5 0 , 0 0 0 p i e c e s p e r m o n t h i n U . S . A . 

. 0 3 9 3 1 h o u r s p e r p i e c e at d i r e c t l a b o r 

c o s t of $ 4 . 00 p e r h o u r 

V a r i a b l e o v e r h e a d at 300% 

T o t a l v a r i a b l e c o s t p e r p i e c e 

$ . 3 2 / p c . 

$ . 8 0 / p c . 

$1. 12 

$ 2 , 4 0 0 p e r m o n t h 

$ 2 , 6 2 0 p e r m o n t h 

$ 5 , 0 2 0 

$ . 1 6 / p c . 

$ . 4 8 / p c . 

$ . 6 4 
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2 0 . 

F i x e d o v e r h e a d (not i n c l u d i n g d e p r e c i a t i o n ) 

D e p r e c i a t i o n on $ 7 9 2 , 0 0 0 

T o t a l m o n t h l y f i x e d o v e r h e a d 

C . P l a n t f o r 5 0 , 0 0 0 p i e c e s p e r m o n t h i n s a m e 

C o u n t r y a s A 

. 0 3 9 3 1 h o u r s p e r p i e c e at d i r e c t l a b o r 

c o s t of $ 1 . 5 0 p e r h o u r 

V a r i a b l e o v e r h e a d at 450% 

T o t a l v a r i a b l e c o s t p e r p i e c e 

F i x e d o v e r h e a d (no t i n c l u d i n g d e p r e c i a t i o n ) 

D e p r e c i a t i o n on $ 9 5 0 , 0 0 0 

(20% o v e r l o c a l U . S . p r i c e s ) 

T o t a l m o n t h l y f i x e d o v e r h e a d 

$ 3 , 2 0 0 p e r m o n t h 

$ 6 , 6 0 0 p e r m o n t h 

$ 9 , 8 0 0 

$ . 0 6 / p c . 

$ . 2 7 / p c . 

$ . 3 3 

$ 3 , 2 0 0 p e r m o n t h 

$ 7 , 9 0 0 p e r m o n t h $ 1 1 , 0 0 0 

W i t h t h e a b o v e d a t a on hand , the e c o n o m i c s of a l t e r n a t i v e s c a n 

b e a s c e r t a i n e d . F o r a l t e r n a t i v e A , a s s u m i n g the m o d e s t r e q u i r e m e n t 

of 3 , 0 0 0 p i e c e s p e r m o n t h , t h e m a n u f a c t u r i n g c o s t s , not i n c l u d i n g the 

c o s t of t h e c a s t i n g , f i g u r e s $ 1 . 12 + 5 0 2 0 
3 0 0 0 

= $ 2 . 7 9 . If the s a m e p i e c e 

i s m a n u f a c t u r e d i n U . S . A . a s p e r B , at a r a t e of 5 0 , 0 0 0 / m o n t h , the 

m a n u f a c t u r i n g c o s t a m o u n t s t o $ . 6 4 + 9800 = $ . 6 4 + . 196 = 
5 0 0 0 0 

$ . 8 3 6 . If t h e s a m e s o p h i s t i c a t e d t e c h n o l o g y w e r e t r a n s p l a n t e d t o t h e 
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s u b s i d i a r y a s p e r C and c o u l d a t t a i n a p r o d u c t i o n v o l u m e of 50,000 p i e c e s / 

m o n t h , the m a n u f a c t u r i n g c o s t p e r p i e c e w o u l d a m o u n t t o $ . 3 3 + 
5 0 0 0 0 

= $ . 55 p e r p i e c e . If , h o w e v e r , the v o l u m e w e r e 3 , 0 0 0 p i e c e s / m o n t h , 

the c o s t of one p i e c e g o e s up t o $ . 3 3 + ^^^^^ = $ 4 . 0 3 ! 
3 0 0 0 

21 . B r e a k - e v e n c h a r t s d e s c r i b e d i n p a r a g r a p h 11, if c o n s t r u c t e d f o r 

the p l a n s A , B and C , w o u l d c l e a r l y s h o w t h e i n t e r r e l a t i o n of t h e s e 

a l t e r n a t i v e s , and w o u l d s u g g e s t t h e b e s t s o l u t i o n . It i s qu i t e e v i d e n t 

that the c o s t f o r m e t h o d A , e v e n if v o l u m e c o u l d b e d o u b l e d t o 6, 0 0 0 

p i e c e s / m o n t h , i s s t i l l r e l a t i v e l y h i g h , n a m e l y $ 1 . 9 6 . I m p o r t i n g the 

p a r t s f r o m U . S . A , w h e r e t h e i r c o s t i s $ . 8 4 a p p e a r s f e a s i b l e , if w e 

a s s u m e that the i m p o r t e d c o s t w e r e a b o u t d o u b l e due t o c u s t o m s d u t i e s 

and f r e i g h t c h a r g e s , tha t i s , $ 1 . 68 , a n d if the U . S . A . p l a n t h a s t h e 

c a p a c i t y f o r t h i s r e l a t i v e l y m o d e s t i n c r e a s e of i t s p r o d u c t i o n v o l u m e . 

In f a c t , the a v o i d a n c e of t h e $ 3 1 5 , 0 0 0 i n v e s t m e n t m a k e s t h i s a l t e r n a t i v e 

p r e f e r a b l e , e v e n if the s u b s i d i a r y p l a n t c o u l d i n c r e a s e i t s v o l u m e t o 

9 , 0 0 0 p i e c e s / m o n t h i n a 3 s h i f t / d a y o p e r a t i o n , w h e r e t h e c o s t w o u l d 

h a p p e n t o c o m e d o w n t o $ 1 . 68 , the s a m e c o s t a s t h e i m p o r t e d p a r t . 

The m o s t e c o n o m i c a l l y a t t r a c t i v e a l t e r n a t i v e c o u l d be b r o u g h t a b o u t 

if the s c a l e of p r o d u c t i o n c o u l d be i n c r e a s e d b y e n l a r g i n g the m a r k e t 

t h r o u g h a r e g i o n a l a g r e e m e n t . The q u e s t i o n i s , at what v o l u m e c o u l d 
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the c o s t of $ 1 . 68 be r e a c h e d u n d e r p l a n C and at t h e sanne t i m e a l l o w 

t o r e p a y the $ 9 5 0 , 0 0 0 o v e r a p e r i o d of 5 y e a r s i n s t e a d of 10 y e a r s . A 

s i m p l e e q u a t i o n g i v e s the s o l u t i o n 

.33 + l^^QO + 7900 ^ 
X 

X = 1 4 , 0 0 0 p i e c e s p e r m o n t h 

T h e f i n a l c o n c l u s i o n t h e n i s : D o not c o n s i d e r p l a n A , but r a t h e r p l a n on 

i m p o r t i n g the f i n i s h e d p u m p h o u s i n g f o r a m o n t h l y c o n s u m p t i o n of 3, 0 0 0 

p i e c e s . I f , h o w e v e r , the m a r k e t c a n be e x p a n d e d t o r e a c h a d e m a n d of 

1 4 , 0 0 0 p i e c e s / m o n t h or m o r e , t h e n i t y /ou ld b e e c o n o m i c a l l y j u s t i f i e d 

t o m a k e t h e i n v e s t m e n t f o r p l a n C . If i m p o r t i n g w e r e p r o h i b i t e d and 

the m a r k e t w a s l i m i t e d and i s not e x p e c t e d t o e v e r r e a c h 1 4 , 0 0 0 p i e c e s / 

m o n t h , t h e n a p l a n t e q u i p p e d w i t h c o n v e n t i o n a l m a c h i n e t o o l s p e r p l a n 

A i s r e c o m m e n d e d n o t w i t h s t a n d i n g the p e n a l t y of a v e r y h i g h p r o d u c t 

c o s t a s s o c i a t e d w i t h s u c h a p l a n . 

VI . A u t o m o t i v e V a l v e M a n u f a c t u r e 

2 2 . T h e m a n u f a c t u r e of a u t o m o t i v e e n g i n e v a l v e s i s an e x c e l l e n t 

e x a m p l e of t h e i n f l u e n c e of p r o d u c t i o n v o l u m e a n d l o t s i z e s on t h e 

m a n u f a c t u r i n g m e t h o d s c h o s e n . T h e e c o n o m i c s of s c a l e b e c o m e 
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v e r y i n v o l v e d b e c a u s e of t h e p r o p o r t i o n s in the v a l u e of c o s t e l e m e n t s 

v a r y s o m u c h f r o m c o u n t r y t o c o u n t r y . In a U . S . v a l v e m a n u f a c t u r i n g 

p lant , the a v e r a g e l a b o r r a t e i n c r e a s e d e a c h y e a r b y 10 c e n t s / h o u r 

f r o m 1960 t o 1966 and 20 c e n t s / h o u r e a c h y e a r f r o m 1966 t o 1 9 7 0 . 

The r a t e in 1960 w a s $ 2 . 30 , i n t h e b e g i n n i n g of 1 9 7 0 it w a s $ 3 . 8 0 . 

C o m p a r e t h i s wi th a v e r a g e l a b o r r a t e s i n A r g e n t i n a o r B r a z i l and the 

r a t e of L a t i n A m e r i c a n l a b o r i s c l o s e t o 1 / 3 of U . S . l a b o r . The 

o p p o s i t e r e l a t i o n o c c u r s i n t h e c o s t of a t y p i c a l e x h a u s t v a l v e s t e e l 

2 1 - 4 N . T h e B r a z i l i a n p r i c e f o r t h i s m a t e r i a l , p r o d u c e d d o m e s t i c a l l y , 

i s 42% h i g h e r t h a n the c o s t i n U . S . A . The A r g e n t i n e p r i c e f o r t h i s 

s t e e l , i m p o r t e d f r o m F r a n c e and b u r d e n e d w i t h h i g h i m p o r t duty and 

s h i p p i n g c o s t , i s 140% h i g h e r t h a n t h e U . S . c o s t . 

2 3 . A v a l v e f i n i s h i n g l i n e s e t up i n I 9 6 0 i n the U . S . c o n s i s t e d of 

v a r i o u s t u r n i n g and g r i n d i n g m a c h i n e t o o l s t o t a l i n g 36 and p e r f o r m i n g 

12 d i s t i n c t o p e r a t i o n s . T h e m a c h i n e t o o l s a r e l o c a t e d a l o n g a r o l l e r 

c o n v e y e r l i n e , w o r k in p r o c e s s i s h a n d l e d i n t o t e p a n s , the o p e r a t o r s 

l o a d and u n l o a d m a n u a l l y , the w h e e l d r e s s i n g and s i z e c o n t r o l a r e 

done m a n u a l l y b y the o p e r a t o r s , f l o o r i n s p e c t i o n i n s u r e s p r o p e r 

q u a l i t y c o n t r o l . T h e r e a r e 27 o p e r a t o r s p e r s h i f t . A c o m p l e t e 

c h a n g e of s e t u p f o r a n e w v a l v e p e r f o r m e d b y t h e o p e r a t o r s , t a k e s 

a p p r o x i m a t e l y f o u r h o u r s . T h e m i n i m u m l o t s i z e i s a p p r o x i m a t e l y 
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4, 0 0 0 . T h e m a n u f a c t u r i n g c o s t p e r un i t p r o d u c e d o n t h i s l i n e h a s r i s e n 

i n the l a s t t e n y e a r s a p p r o x i m a t e l y b y 35%, p r i m a r i l y b e c a u s e of the 

a b o v e g i v e n i n c r e a s e i n w a g e s . T h i s i s a l s o t h e t y p e of l i n e i n s t a l l e d 

i n that c o m p a n y ' s p l a n t s in A r g e n t i n a and B r a z i l . A s u b s t a n t i a l a m o u n t 

of w o r k i n p r o c e s s h a s t o be on the l i n e at e a c h w o r k s t a t i o n , s o tha t a 

s t o p p a g e of one m a c h i n e w o u l d not i d l e a l l the f o l l o w i n g o p e r a t i o n s . 

2 4 . A c o m p l e t e l y a u t o m a t e d l i n e h a s b e e n i n s t a l l e d in 1962 and a n o t h e r 

o n e , of u p d a t e d t e c h n o l o g y , i n 1 9 6 8 . A l l f i n i s h i n g i s d o n e b y g r i n d i n g , 

the h a n d l i n g i s m e c h a n i z e d w i t h a u t o m a t i c l o a d i n g a n d u n l o a d i n g , p o s t 

p r o c e s s g a g e m a c h i n e c o n t r o l p r o v i d e s a u t o m a t i c d r e s s i n g and c o m p e n -

s a t i o n . T h e n u m b e r of o p e r a t i o n s i s e s s e n t i a l l y t h e s a m e a s on t h e 

m a n u a l l i n e (11 a g a i n s t 12) , t h e n u m b e r of i n d i v i d u a l m a c h i n e t o o l s 

i s 18 a g a i n s t 36 , a n d t h e n u m b e r of m e n p e r s h i f t i s 9 a g a i n s t 2 7 . T h e 

t o o l i n g c o s t of s u c h an a u t o m a t e d l i n e i s r e l a t i v e l y l o w , but a c h a n g e -

o v e r to a d i f f e r e n t v a l v e i s c o s t l y and c a u s e s t h e l o s s of a p p r o x i m a t e l y 

t w o s h i f t s . T h e r e f o r e , the m i n i m u m e c o n o m i c l o t s i z e i s a p p r o x i m a t e l y 

2 0 0 , 0 0 0 p i e c e s , t h e l i n e h a s t o o p e r a t e on a t w o s h i f t , 5 or 6 d a y 

s c h e d u l e ( the t h i r d s h i f t i s s e t a s i d e f o r m a i n t e n a n c e of s e t u p ) , and 

t h e p r o d u c t i o n v o l u m e m u s t be 4 0 0 , 0 0 0 or m o r e p e r m o n t h . U n d e r 

s u c h c o n d i t i o n s , t h e u n i t c o s t i s 46% of t h e u n i t c o s t f o r the s a m e 

v a l v e f i n i s h e d on t h e m a n u a l l i n e . T h e l a b o r c o s t i n t h e a u t o m a t e d 
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l i n e i s 22% of the un i t m a n u f a c t u r i n g c o s t a g a i n s t 35% on the m a n u a l 

l i n e , the d e p r e c i a t i o n s h a r e 30% a g a i n s t 18%. 

2 5 . The e c o n o m i c s of s u c h an a u t o m a t e d l i n e in A r g e n t i n a or B r a z i l 

w o u l d be d i s a s t r o u s u n d e r p r e s e n t c o n d i t i o n s . The s a v i n g s in l a b o r 

c o s t w o u l d be i n s i g n i f i c a n t , t h e r e i s n o s a v i n g in m a t e r i a l c o s t s and 

the d e p r e c i a t i o n r a t e on the c o s t l y e q u i p m e n t a l s o h a s an a d v e r s e 

e f f e c t . B u t the g r e a t e s t d r a w b a c k i s the p r e s e n t i n s u f f i c i e n t v o l u m e 

and the a b s e n c e of l a r g e r u n s . H o w e v e r , w i t h the g r o w t h of the L a t i n 

A m e r i c a n a u t o m o b i l e i n d u s t r y and a l s o t h e p r o s p e c t of r e g i o n a l a g r e e -

m e n t s w h i c h w o u l d r e d u c e the n u m b e r of t y p e s and i n c r e a s e the v o l u m e , 

i t m a y be f e a s i b l e i n the not t o o d i s t a n t f u t u r e t o f i n d an e c o n o m i c 

a p p r o a c h t o a p a r t i a l a u t o m a t i o n of v a l v e m a c h i n i n g l i n e s . S e v e r a l 

E u r o p e a n v a l v e p l a n t s h a v e s u c h m o d i f i e d l i n e s o r a r e in t h e p r o c e s s 

of i n s t a l l i n g t h e m . F i g u r e 6 s h o w s t h e e n d of a f u l l y a u t o m a t e d v a l v e 

f i n i s h i n g l i n e . In the f o r e g r o u n d a r e t w o f e m a l e i n s p e c t o r s w h o c h e c k 

the f i n i s h e d v a l v e s c o m i n g off the l i n e f o r v i s u a l d e f e c t s o n l y . T h e y 

a r e the o n l y i n s p e c t o r s on the l i n e , b e c a u s e d i m e n s i o n a l a c c u r a c y i s 

100% i n s u r e d b y the a u t o m a t i c g a g i n g and c o m p e n s a t i n g d e v i c e s . In 

the b a c k g r o u n d a r e v a r i o u s g r i n d i n g m a c h i n e s w i t h t h e i r e l e c t r o n i c 

c o n t r o l b o a r d s a n d a u t o m a t i c m a t e r i a l h a n d l i n g d e v i c e s . W h e n t h i s 



- 22 -

p i c t u r e w a s t a k e n , t h e l i n e w a s r u n n i n g , but no te t h a t none of t h e 

m a c h i n e t o o l s i s m a n n e d , the e n t i r e o p e r a t i o n b e i n g a u t o m a t i c . 

VII . S t e e r i n g L i n k a g e M a n u f a c t u r e 

2 6 . S t e e r i n g l i n k a g e p a r t s o f f e r g o o d e x a m p l e s of h o w t h e m a n u -

f a c t u r i n g t e c h n o l o g y and a l s o a d e s i g n a r e m o d i f i e d t o s u i t p r o d u c t s 

o r v o l u m e s . T w o c o m p o n e n t s h a v e b e e n s e l e c t e d f o r that p u r p o s e ; 

t h e b a l l s t u d and t h e c e n t e r l i n k . F o r t h o s e r e a d e r s not e n t i r e l y 

f a m i l i a r w i t h s t e e r i n g l i n k a g e p a r t s a n d t h e i r E n g l i s h n o m e n c l a t u r e , 

the i l l u s t r a t i o n s , F i g u r e s 7 , 8 , and 9 w i l l h e l p t o v i s u a l i z e t h e s e 

c o m p o n e n t s . F i g u r e 7 s h o w s a c e n t e r l i n k w i t h the b a l l s t u d s a s s e m -

b l e d t o the t w o s o c k e t e n d s . F i g u r e 8 s h o w s i n d e t a i l a s o l i d b a l l s t u d 

a s s e m b l e d t o a s o c k e t , F i g u r e 9 i s a p h o t o g r a p h of a h o l l o w h e a d 

b a l l s t u d that i s b e i n g m a n u f a c t u r e d in v e r y h i g h v o l u m e . 

A . B a l l S t u d 

2 7 . A h i g h p r o d u c t i o n m a n u f a c t u r i n g p r o c e s s to p r o d u c e h o l l o w b a l l 

s t u d s a s i l l u s t r a t e d i n F i g u r e 9 i s d e s c r i b e d i n t h e f o l l o w i n g t a b u l a t i o n : 

C a p i t a l 

M a j o r O p e r a t i o n s P c s / h r E q u i p m e n t I n v e s t m e n t 

C o l d - h e a d 2 , 0 0 0 3 / 4 " C o l d h e a d e r $ 3 0 0 , 0 0 0 

D r i l l and C o u n t e r s i n k C o t t e r H o l e 1 , 0 0 0 D a v i s - T h o m p s o n $ 7 5 , 0 0 0 
C o t t e r D r i l l 
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M a j o r O p e r a t i o n s 

R o l l T h r e a d 

B u r n i s h B a l l 

H e a t T r e a t 

P c s / H r E q u i p m e n t 
C a p i t a l 
I n v e s t m e n t 

$ 5 0 , 0 0 0 

$ 5 0 , 0 0 0 

$100 ,000 

1 , 2 5 0 R o l l T h r e a d e r 

3 3 3 R o l l T h r e a d e r 

1 , 0 0 0 A u t o m a t i c 
P a s s T h r o u g h 
A t m o s p h e r e 
H a r d e n i n g F u r n a c e 

T h e t o t a l l a b o r t i m e f o r a b o v e o p e r a t i o n s i s . 6 3 h o u r s / 1 0 0 p i e c e s w h i c h 

at an a v e r a g e r a t e of $ 3 . 8 0 / h o u r a m o u n t s t o $ 2 . 4 0 / 1 0 0 p i e c e s . T h e 

t o t a l i n v e s t m e n t i n m a c h i n e t o o l s and e q u i p m e n t i s $ 5 7 5 , 0 0 0 . T h e 

m a t e r i a l u s e d i s . 9 0 5 " r o u n d c o l d h e a d i n g w i r e , 3 . 3 " l e n g t h p e r p i e c e . 

It s h o u l d be n o t e d tha t t h e c o l d h e a d i n g m e t h o d a l l o w s t o p r o d u c e a 

h o l l o w h e a d , a v e r y a d v a n t a g e o u s d e s i g n ; e x c e p t f o r t h e t h r e a d and 

c o t t e r p i n h o l e , c o l d h e a d i n g p r o d u c e s a f i n i s h e d s t u d of e x c e l l e n t p h y s i c a l 

p r o p e r t i e s a n d f i n i s h and c o n s t a n t d i m e n s i o n a l a c c u r a c y . It i s a l s o 

i n t e r e s t i n g , tha t the d e s i g n of the h e a d e r t o o l s and g a g e s , the i n v e n t o r y 

of a v a i l a b l e t o o l s and g a g e s , t h e d i e d i m e n s i o n s f o r e a c h g a t h e r d i e b l o w , 

the v o l u m e of m e t a l a n d l e n g t h of w i r e r e q u i r e d t o m a k e a p a r t i c u l a r 

d e s i g n of a h o l l o w b a l l s t u d , a l l t h e s e t a s k s a r e p r o g r a m m e d t o a c o m -

p u t e r . T h e c o m p u t e r output g i v e s t h e d e s i g n e r a l l t h e d i m e n s i o n s f o r 

d i e s and g a g e s . T h e d e s i g n t i m e h a s b e e n r e d u c e d b y a p p r o x i m a t e l y 

40 h o u r s p e r j o b . A l s o a l l d u p l i c a t i o n s of t o o l i n g and g a g i n g h a s b e e n 
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e l i m i n a t e d . S u c h a d v a n c e d p r o c e d u r e s f u r t h e r e n h a n c e the p r o f i t a b i l i t y 

of a n e x p e n s i v e , but h i g h p e r f o r m a n c e m a n u f a c t u r i n g s e t u p f o r l a r g e 

v o l u m e p r o d u c t i o n . P r o d u c t i o n l o t s f o r t h i s s e t u p a r e i n the r a n g e of 

1 0 0 , 0 0 0 p i e c e s a n d o v e r . 

2 8 . S m a l l e r l o t s w h i c h a l s o a r e the r u l e i n L a t i n A m e r i c a u s u a l l y 

s t a r t out w i t h a s o l i d b a l l s t u d b l a n k p r o d u c e d on a u t o m a t i c b a r m a c h i n e s 

o r on h o t f o r g i n g m a c h i n e s . A n a u t o m a t i c b a r m a c h i n e w i l l r e p r e s e n t 

a c a p i t a l i n v e s t m e n t of $ 7 0 , 0 0 0 and t u r n out a p p r o x i m a t e l y 100 p i e c e s / 

h o u r . T h e s a m e s t u d , s p e c i f i e d f o r t h e a b o v e h i g h p r o d u c t i o n l i n e w o u l d 

r e q u i r e on the a u t o m a t i c , 1 - 5 / 1 6 " r o u n d b a r s t o c k w i t h a cut l e n g t h of 

3 . 0 8 " . T h a t i s d o u b l e t h e w e i g h t of the c o l d h e a d e d s t o c k and m e a n s 

tha t 50% of t h e m a t e r i a l g o e s i n t o c h i p s ! T h e s u b s e q u e n t s t e p s i n t h e 

b a l l s t u d m a n u f a c t u r i n g p r o c e s s a l s o c a n be s i m p l i f i e d f o r the s m a l l e r 

l o t s , p a r t i c u l a r l y t h e h e á t t r e a t i n g , i n o r d e r t o r e d u c e t h e c a p i t a l i n -

v e s t m e n t . T h e s p e c i a l p u r p o s e d r i l l i n g a n d c o u n t e r s i n k i n g m a c h i n e 

c a n b e r e p l a c e d b y i n e x p e n s i v e s t a n d a r d m a c h i n e t o o l s a n d the l o a d i n g 

and u n l o a d i n g c a n be d o n e b y the o p e r a t o r s , t h e r e b y s a v i n g t h e c o s t l y 

a u t o m a t e d l o a d i n g e q u i p m e n t . T h u s a l i n e f o r t h e v o l u m e of 100 p i e c e s / 

h o u r c a n b e s e t u p w i t h an i n v e s t m e n t of a p p r o x i m a t e l y $ 1 6 5 , 0 0 0 , or 

$ 3 5 0 , 0 0 0 l e s s t h a n t h e h i g h p r o d u c t i o n l i n e . T h e c o s t c o m p a r i s o n f o r 

t h e t h r e e c o s t i t e m s a n d f o r U . S . w a g e a n d m a t e r i a l c o s t l e v e l s i s 
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g i v e n i n t h i s t a b u l a t i o n , e x p r e s s e d i n d o l l a r s p e r p i e c e . 

C o s t Itena 

D i r e c t L a b o r 

D e p r e c i a t i o n 

M a t e r i a l 

M a n u a l L i n e 

. 090 

H i g h P r o d u c t i o n 
L i n e D i f f e r e n c e 

. 0 4 0 

. 1 0 4 

T o t a l s $ . 2 3 4 

. 0 2 4 

. 0 1 4 

. 0 5 2 

$ . 0 9 0 

+ . 0 6 6 

+ . 0 2 6 

+ . 0 5 2 

+ $ . 1 4 4 

T h e b a l l s t u d p r o d u c e d o n the m a n u a l l i n e f o r a v o l u m e of 100 p i e c e s / 

h o u r c o s t s 1 4 . 4 c e n t s m o r e t h a n t h e s t u d p r o d u c e d on t h e h i g h p r o d u c t i o n 

l i n e f o r 1 , 0 0 0 p i e c e s / h o u r . W h i l e t h i s a p p l i e s f o r U . S . c o n d i t i o n s , t h e 

c o s t d i f f e r e n c e w o u l d be h i g h e r i n L a t i n A m e r i c a , w h e r e t h e l a b o r r a t e s 

a r e l o w e r , but the m a t e r i a l c o s t s a r e h i g h e r . S t e e l p r i c e s i n B r a z i l 

at p r e s e n t a r e 50% h i g h e r , i n A r g e n t i n a 75 t o 100% h i g h e r . 

2 9 . T w o i l l u s t r a t i o n s of the e q u i p m e n t f r o m t h e h i g h p r o d u c t i o n b a l l 

s t u d l i n e a r e s h o w n . F i g u r e 10 i s a 3 / 4 " f i v e s t a t i o n c o l d h e a d e r w i t h 

w i r e c o i l in p l a c e . F i g u r e 11 s h o w s t h e t h r e a d r o l l e r w i t h the a s s o c i -

a t e d m a t e r i a l h a n d l i n g e q u i p m e n t f o r a u t o m a t e d o p e r a t i o n . In t h e 

f o r e g r o u n d i s the d e v i c e f o r l o a d i n g the f e e d i n g h o p p e r a n d at the 

m a c h i n e i s t h e c h u t e f o r the a u t o m a t i c f e e d i n g of t h e s t u d s t o the r o l l e r s . 
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B . G e n t e r l i n k 

3 0 . T h e h i g h p r o d u c t i o n l i n e f o r the c e n t e r l i n k m a d e f r o m b a r s t o c k 

i s d e s c r i b e d i n t h e f o l l o w i n g t a b u l a t i o n : 

M a j o r O p e r a t i o n 

Cut to l e n g t h 

U p s e t one e n d and 
b o r e 

U p s e t o t h e r e n d 
and b o r e 

S h o t b l a s t 

D r i l l and r e a m 
t w o e n d h o l e s and 
t w o c e n t e r h o l e s 
c o m p l e t e 

C a p i t a l 

P e s / h o u r E q u i p m e n t I n v e s t m e n t 

1 , 0 0 0 Cut Off S h e a r $ 1 0 , 0 0 0 

167 3" U p s e t t e r $ 1 7 0 , 0 0 0 
w i t h I n d i c a t o r 
on H e a t i n g Un i t 

167 3" U p s e t t e r $ 1 7 0 , 0 0 0 
w i t h I n d i c a t o r 
on H e a t i n g Un i t 

1 , 0 0 0 T u m b l e r s h o t $ 4 5 , 0 0 0 
b l a s t 

2 5 0 D a v i s - T h o m p s o n 
s p e c i a l 6 s t a t i o n 
r o t a r y d r i l l $ 4 3 0 , 0 0 0 

3 1 . T h e t o t a l i n v e s t m e n t f o r the m a j o r m a c h i n e t o o l s i s $ 8 2 5 , 0 0 0 . 

The D a v i s - T h o m p s o n r o t a r y d r i l l w i l l p r o d u c e 3, 7 5 0 p i e c e s i n t w o 

s h i f t s ; t o m a t c h t h i s ou tput , the u p s e t t e r s h a v e t o b e run on t h r e e 

s h i f t s . 
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3 2 . In m a n u f a c t u r i n g c e n t e r l i n k s , i t i s n e c e s s a r y t o c o n t r o l t h e 

d i m e n s i o n a l r e l a t i o n s h i p s b e t w e e n t h e t w o e n d a n d c e n t e r h o l e s . T h e 

f i r s t u p s e t o p e r a t i o n e s t a b l i s h e s t h e l o c a t i o n s of one e n d a n d c e n t e r 

h o l e . T h e s e c o n d u p s e t o p e r a t i o n u s e s t h e s e l o c a t i o n s t o o b t a i n t h e 

n e c e s s a r y d i m e n s i o n a l r e l a t i o n s h i p s b e t w e e n a l l f o u r h o l e s . 

3 3 . D i f f e r e n t t o o l i n g i s o r d i n a r i l y r e q u i r e d t o u p s e t e a c h e n d of 

a c e n t e r l i n k . If o n l y one u p s e t t e r w e r e u s e d t o p r o d u c e t h é e n t i r e 

c e n t e r l i n k on h i g h v o l u m e p r o d u c t i o n r u n s , c y c l i n g w o u l d be r e q u i r e d 

i n o r d e r to m a i n t a i n a b a l a n c e b e t w e e n w o r k i n p r o c e s s i n v e n t o r y 

c o s t s and s e t u p c o s t s . T h e r e f o r e , on h i g h v o l u m e r u n s , u p s e t t e r s 

a r e n o r m a l l y p a i r e d - e a c h u p s e t t e r p r o d u c e s o n e e n d of the c e n t e r l i n k . 

T h i s e l i m i n a t e s t h e c y c l i n g p r o b l e m , a l s o p r o v i d e s t h e o p p o r t u n i t y f o r 

i m p r o v e d m a t e r i a l h a n d l i n g s y s t e m s , a n d r e d u c e s t h e a m o u n t of w o r k 

i n p r o c e s s . 

34 . A f t e r t h e u p s e t o p e r a t i o n s , a c e n t e r l i n k i s s h o t b l a s t e d t o r e m o v e 

the s c a l e a n d the n e c e s s a r y h o l e s a r e m a c h i n e d . On t h e D a v i s - T h o m p s o n 

s p e c i a l 6 s t a t i o n r o t a r y d r i l l , t w o r e v o l u t i o n s a r e r e q u i r e d t o d r i l l and 

r e a m a l l f o u r h o l e s . F o u r c e n t e r l i n k s a r e m a c h i n e d at e a c h s t a t i o n 

( e x c l u d i n g the l o a d / u n l o a d s t a t i o n ) . T h e o p e r a t o r ' s w o r k c y c l e c o n s i s t s 

of the f o l l o w i n g : 

- U n l o a d t w o c e n t e r l i n k s t h a t a r e m a c h i n e d c o m p l e t e . 
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- M o v e o t h e r t w o c e n t e r l i n k s t o h a v e c e n t e r h o l e s m a c h i n e d . 

- L o a d t w o c e n t e r l i n k s to h a v e e n d h o l e s m a c h i n e d . 

- ( N e x t s t a t i o n ) . 

35 . F o r l o w v o l u m e r u n s , f o u r Z - s p i n d l e d r i l l p r e s s e s m i g h t be u s e d 

t o m a c h i n e the f o u r h o l e s . The o p e r a t i o n w o u l d c o n s i s t of the f o l l o w i n g : 

C a p i t a l 
O p e r a t i o n P i e c e s / h o u r E q u i p m e n t I n v e s t m e n t 

D r i l l 2 e n d h o l e s 8 3 2 s p i n d l e d r i l l p r e s s $ 1 2 , 0 0 0 
1 m a n 

R e a m 2 e n d h o l e s 8 3 2 s p i n d l e d r i l l p r e s s $ 1 2 , 0 0 0 

D r i l l 2 c e n t e r h o l e s 8 3 2 s p i n d l e d r i l l p r e s s $ 1 2 , 0 0 0 
1 m a n 

R e a m 2 c e n t e r h o l e s 8 3 2 s p i n d l e d r i l l p r e s s $ 1 2 , 0 0 0 

T w e l v e 2 - s p i n d l e d r i l l p r e s s e s w o u l d be r e q u i r e d t o m a t c h the c a p a c i t y 

of t h e D a v i s - T h o m p s o n s p e c i a l r o t a r y d r i l l . It w o u l d r e q u i r e a c a p i t a l 

i n v e s t m e n t of $ 1 4 4 , 0 0 0 . T h e d i r e c t l a b o r w o u l d be 6 t i m e s h i g h e r , i n -

a s m u c h a s the 12 d r i l l p r e s s e s w o u l d be o p e r a t e d b y 6 m e n a s c o m p a r e d 

w i t h the one o p e r a t o r on the s p e c i a l r o t a r y d r i l l . 

3 5 . T h e t w o k e y m a c h i n e s of the h i g h p r o d u c t i o n l i n e a r e s h o w n i n 

F i g u r e s 12 and 1 3 . F i g u r e 12 s h o w s one of t h e u p s e t t e r s and t h e o v e r -

h e a d c h a i n c o n v e y o r f o r b r i n g i n g the c u t b a r s t o t h e o p e r a t o r and c o n -

v e y i n g the l i n k s w i t h t h e one u p s e t e n d t o the o p e r a t o r of the s e c o n d 
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u p s e t t e r . F i g u r e 13 i s a. p i c t u r e of t h e 6 s t a t i o n r o t a r y d r i l l . It s h o w s 

t w o c e n t e r l i n k s a l r e a d y u n l o a d e d . N o t e that e a c h r o t a t i n g p l a t f o r m 

h o l d s t w o s k i d s in o r d e r to e l i m i n a t e m a c h i n e d o w n t i m e f o r m a t e r i a l 

h a n d l i n g . F i g u r e 14 i s a p i c t u r e of t w o 2 - s p i n d l e d r i l l p r e s s e s on a 

l o w v o l u m e c e n t e r l i n k m a c h i n i n g l i n e . 

VIII. What N e x t ? 

37 . M o r e c a s e s c o u l d be d e s c r i b e d t o i l l u s t r a t e t h e i m p a c t of s c a l e 

on t e c h n o l o g y and c o s t s i n the m a n u f a c t u r e of a u t o m o t i v e c o m p o n e n t s . 

The p r o b l e m of L a t i n A m e r i c a i s the s a m e a s the p r o b l e m of t h e 

E u r o p e a n c o u n t r i e s , J a p a n , and t h e U n i t e d S t a t e s . H o w t o c o n s o l i d a t e 

the d e m a i d f o r a u t o m o t i v e p a r t s , e l i m i n a t e d u p l i c a t i o n , s p l i n t e r i n g 

into s m a l l u n i t s , and h o w t o adopt c o m m o n d e s i g n s in o r d e r t o b o o s t 

l o t s i z e s and t a k e a d v a n t a g e of t h e l a t e s t t e c h n o l o g y . C a n t h i s be d o n e 

in L a t i n A m e r i c a w i t h o u t s t i f l i n g h e a l t h y c o m p e t i t i o n and to t h e b e n e f i t 

of a l l p a r t i e s c o n c e r n e d ? A r a t i o n a l a p p r o a c h t o the e c o n o m i c s of 

s c a l e h o l d s a k e y t o that a n s w e r . I n d u s t r y , g o v e r n m e n t s , i n t e r n a t i o n a l 

a g e n c i e s and p r o f e s s i o n a l s o c i e t i e s n e e d t o be i n v o l v e d and s h a r e i n 

t h i s w o r k . 
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I L L U S T R A T I O N S 
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BUDGET STANDARD RATE SHEET TPFC 506 

N o r m a l Ac t i v i t y - JU fcH i f c l yMan Hour» S Ô U S P t H 

Budgeted Expente @ N o r m a l Act . • HÍ9I1 Task. $ 1 5 ^ 2 8 2 

Division Fpundry 
Depar tmen t 

Foreman 

Cast ing No. 

$17,084 
Effect ive 7-1-53 Supersedes HoPe 

Ad jus ted Budgeted Expense @ N o r m a l Ac t i v i t y 

$ 2 . 9 4 per SPLH Burden Rate 

ACCT. 
No . 

I T E M UNIT OF MEASURE 
BUDGET STANDARDS Do l la r Convers ion Factor BUDGET STANDARDS ACCT. 

No . 
I T E M UNIT OF MEASURE 

Fixed Hrs. Va r i ' b leHs . Fixed $ V a r i a b l e $ Fixed $ Va r i ab le $ 

101 
PRODUCTIVE LABOR 
Direct Labo r -Opera t i ng 2.03 

102 Direct Labor- Inspect ion 

TOTAL PRODUCTIVE LABOR 

MANUFACTURING EXPENSE 
N o n - O p e r o t i n g Labor 

102 Inspect ion Labor .0205 2 .03 .0416 
103 Set-up .0256 2.03 .0520 
104 Repairs to Products 

105 Reclassif ied Indirect Labor 

111 Id le Time 

112 Breaking in N e w Help .0317 1.99 .0631 
113 Ma in tenance o f Set-up .0119 1.99 .0237 
114 Time Pa id -No t W o r k e d .0017 1.99 .0034 
115 Paid Ho l idays .0685 

TOT. PROD. LABOR NON-OPER. . 0 9 U .2523 

121 
Non-p roduc t i ve Labor 
Genera l Indirect Labor 24.. 0 .1460 1 .75 1 .75 893 .2555 

122 Inventory Tak ing 

124 Inspect ion-Floor Checkers Ib.O .0584 2 .05 2 .05 .1197 
125 Factory Super. 

12Ó Inspect ion Super. 

127 C lean ing Machines .0070 2.03 .0142 
128 Admin i s t ra t i ve & Cler ical Sol. 700 .0662 

130 Employee & Super. T ra in ing 

131 Employee Relat ions 

132 Over t ime Premium-Hour ly 

133 N i g h t Shi f t Premium 

134 Voca t i on Expense 663 
135 Over t ime-Sa lar ies 

-

137 Payro l l Ad jus tmen t 

TOTAL NON-PROD. LABOR 4 0 . 0 .¿UA ¿953 .4!?56 
TOTAL LABOR 4 0 . 0 .3020 2953 .7079 

200 
O the r M a n u f a c t u r i n g Exp. 
Social Secur i ty Taxes 51 .0667 

210 Workmen ' s Compensa t ion Ins. b .0074 
215 Pension Expense—Hour l y 80 .1302 
220 Trave l & O the r Business Exp. 

301 Project Cost-Direct 

304 Coa l 

305 Oi ls a n d Lubr icants 

3 0 6 Genera l Suppl ies .1032 
307 G r i n d . Whee ls & Abras ives 

308 Sta t ionery & O f f i c e Suppl ies .0034 
3 1 0 Sh ipp ing Boxes & Suppl ies 

311 Co fe te r ia Expense 

313 Employee W e l f a r e . 00% 

315 Royal Expense 

F i g u r e 1. 

Budget Standard Rate Sheet , P a g e 1 
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DATE 7-1-53 
ACCT. 

No. 
I T E M UNIT OF MEASURE 

BUDGET STANDARDS Dol lar Conversion Factor BUDGET STANDARDS ACCT. 
No. 

I T E M UNIT OF MEASURE 
FUed Hrs. Var i 'b leHs. Fixed $ V a r i a b l e s Fixed $ V a r i a b U S 

316 Unexpended Supplies 

341 Rentals-Off ice Equipment 

342 Rentals-Govt. Property 

343 Rentals-Other 

410 Subscriptions a n d Dues 

301 Postage 

302 Telephone & Telegraph .0024 
303 Woter .0034 
304 Power a n d l i g h t .0688 
303 Gas a n d Fuel O i l .1118 
330 Professional Services 

330 Retirement Plan Premium 

600 Real Estate Taxes 90Ô 
601 Personal Property Taxes 500 
610 Property & Liobi l i ty Ins. 150 
620 Depreciat ion-Mach. & Equip. 200 
621 Depreciat ion-Bui ldings 525 
690 Revenue-Supplies & Serv., 

801 Mointenonce-Mach. & Equip. .0731 
802 Maintenance-Tools .0086 
803 Maintenance-Instruments .0258 
804 Maintenance-Bui ldings .0172 
805 Rearrang. Plant Facilities .0215 
807 Product Tool ing Used 

809 Perishable Tool ing Used 

810 Experimental-Product 

811 Expermentol-Plant & Equip. 

812 .0258 

815 Mater ia l Trucking 

816 Cleaning & Sweeping 

819 Misc. Foctory Expense .0139" 

TOT. MFC. EXP. BEFORE APP. 2382 .6908 
APPORTIONMENTS 
From Other Divisions 674 .1079 
Division Non-Prod. Depts. 262 .0433 
Division Admin . Depts. 

TOTAL APPORTIONMENTS 936 .1512 

TOTAL MFG. EXPENSES 6271 1.5499 

898 Expense Reclassified Credi t 

899 Expense Recovery Credi t 

NCT MFG. EXPENSE 

Division Industr ia l Engineer D i v i uen M a n a g * 

Department Monager Factory Manage r 

F i g u r e 2. 

Budget Standard Rate Sheet , P a g e 2 
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$30,000 
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h- o 
g s 

< S 

$20,000 

$10,000 

2,000 4,000 

PIECES 

Direct Labor-$1.50/Piece 

Variable Overhead - $1.50/Piece 

Fixed Overhead Per Month - $6,000 

6,000 

MANUFACTURING COST VERSUS PRODUCTION VOLUME 

METHOD A - Investment $100,000 

F i g u r e 3 . 

C o s t C h a r t , M e t h o d A 
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$20,000 

O 

l i 

< S 

$10,000 

Variable Overhead - $.75/Piece 

Fixed Overhead Per Month - $10,000 

2,000 4,000 6,000 

PIECES 

MANUFACTURING COST VERSUS PRODUCTION VOLUME 

METHOD B - Investment $200,000 
F i g u r e 4. 

C o s t Chart , Method B 
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$20,000 

o 
Q 

$10,00^ 

Gain B Over A 
$2,000/Month 

2,000 4,000 6,000 

PIECES 

COST COMPARISON BETWEEN 
METHOD A AND METHOD B 

F i g u r e 5. 

C o s t C o m p a r i s o n B e t w e e n T w o M e t h o d s 
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F i g u r e 6 . 

V i s u a l I n s p e c t i o n a t E n d of V a l v e L i n e 
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Figure 12. 

C e n t e r l i n k w i t h T w o B a l l S tud A s s e m b l i e s 
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F i g u r e 8. 

B a l l Stud A s s e m b l y 
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F i g u r e 9. 

H o l l o w B a l l Stud 

t 
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F i g u r e 10. 

3 / 4 " C o l d h e a d e r f o r H o l l o w H e a d B a l l Stud 
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F i g u r e 11. 

T h r e a d R o l l e r f o r B a l l S t u d s 
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Figure 12. 

3" U p s e t t e r f o r C e n t e r l i n k s a n d C o n v e y o r 
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Figure 12. 

6 S t a t i o n R o t a r y D r i l l f o r C e n t e r l i n k i n H i g h V o l u m e L i n e 
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F i g u r e 14. 

One Se t of T w o 2 - S p i n d l e D r i l l P r e s s e s f o r C e n t e r l i n k i n L o w V o l u m e L i n e 




