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FIGURE 1.1  Model 8430 tractor, with detailed illustration of its 
diesel engine, showing the variety of materials and processes 
incorporated. Source: Courtesy of John Deere Company.
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History of Manufacturing
1. 1 E L B A T 

s e s s e c o r P   g n i r u t c a f u n a M   d n a   s l a i r e t a M   f o   t n e m p o l e v e D   l a c i r o t s i H 

  , g n i n i h c a m   , s l o o T g n i n i o J   d n a   g n i m r o F   s u o i r a V   d n a   s l a t e M s e t a D d o i r e P 

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

s m e t s y s s e t i s o p m o c 

  0 0 0 4   e r o f e B B . C   , t n i l f   , e n o t s   f o   s l o o T g n i r e m m a H   , g n i z a l g   , e r a w n e h t r a E   c i r o e t e m   , r e p p o c   , d l o G . 

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

s l o o t   e t i s o p m o c 

0 0 0 4 – 0 0 0 3 B . C   , a n i m u l a (   m u d n u r o C   , u A - u C (   g n i r e d l o S y r l e w e j   , g n i p m a t S   e n o t s   , g n i t s a c   r e p p o C . 

) y r e m e ) n S - b P   , b P - u C - t s o l   , s d l o m   l a t e m   d n a 

  , r e v l i s   , s s e c o r p   x a w 

e z n o r b   , n i t   , d a e l 

0 0 0 3 – 0 0 0 2 B . C r e t t o p   , s d a e b   s s a l G   d n a   g n i t s a c   e z n o r B . ’   d e r e m m a h   , g n i k a m   e o H g n i z a r b   , g n i t e v i R   t e e h s   g n i t t i l s   y b   e r i W   s 

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

  d n a   g n i k a m n o r i 

y r t n e p r a c 

0 0 0 2 – 0 0 0 1 B . C s s a r b   , n o r i   t h g u o r W . 

0 0 0 1 – 1 B . C   , s w a s   , s l e s i h c   d e v o r p m I   f o   g n i d l e w   e g r o F s n i o c   f o   g n i p m a t S   d n a   g n i s s e r p   s s a l G l e e t s   t s a c   , n o r i   t s a C . 

s e h t a l   g n i k r o w d o o w   , s e l i f   , l e e t s   d n a   n o r i g n i w o l b 

g n i u l g 

1 – 0 0 0 1 A . D r o m r a   f o   g n i h c t E   , g n i n i o c   , r o m r A s s a l g   n a i t e n e V l e e t s   , c n i Z . 

s d r o w s   l e e t s   , g n i g r o f 

0 0 0 1 – - l l i m d n i w   , r e p a p d n a S   - d l o g   , g n i w a r d   e r i W s s a l g   l a t s y r C   e p y t   , e c a n r u f   t s a l B 0 0 5 1 

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

r e t w e p 

0 0 5 1 – d o o w   r o f   e h t a l   d n a H   r o f   r e w o p   r e t a W   , s s a l g   e t a l p   t s a C   , n o n n a c   n o r i - t s a C 0 0 6 1 

g n i l l o r   , g n i k r o w l a t e m s s a l g   t n i l f e t a l p n i t 

s p i r t s   e g a n i o c   r o f   l l i m 

0 0 6 1 – - w e r c s   , g n i n r u t   , g n i r o B   , d l o g   , d a e l (   g n i l l o R n i a l e c r o P   d l o m - t n e n a m r e P 0 0 7 1 

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

) d a e l ( c i l l a t e m   d n a   r e p p o c 

c n i z 

                           

E
g

y
p

t:
 

B
 . C

 .
to

  
B

 . C
 . 

G
re

ec
e:

 
B

 . C
 .

to
  

B
 . C

 . 

R
o

m
an

 E
m

p
ir

e:
  

B
 . C

 .
to

 4
7

6
  

A
 . D

 . 

M
id

d
le

 A
g

es
: 

to
 1

4
9

2
 

R
en

ai
ss

an
ce

: 
1

4
th

 t
o

 1
6

th
 c

en
tu

ri
es

 

'
4

7
6

 

'
5

0
0

 

'
1

4
6

 
'

1
1

0
0

 

'
3

0
0

 
'

3
1

0
0

 



Manufacturing Processes for Engineering Materials, 5th ed. 
Kalpakjian • Schmid
© 2008, Pearson Education
ISBN No. 0-13-227271-7

History of Manufacturing (cont.)
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History of Manufacturing (conc.)
1. 1 E L B A T 
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Manufacturing Importance

FIGURE 1.2  Importance of manufacturing to national economies. The trends shown 
are from 1982 until 2006. Source: After J.A. Schey with data from the World 
Development Report, World Bank, various years.
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Development Process

FIGURE 1.3  (a) Chart showing various steps 
involved in designing and manufacturing a product. 
Depending on the complexity of the product and the 
type of materials used, the time span between the 
original concept and the marketing of a product may 
range from a few months to many years. (b) Chart 
showing general product flow, from market analysis 
to selling the product, and depicting concurrent 
engineering. Source: After S. Pugh.
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Shapes & 
Manufacturing 

Process

TABLE 1.2  Shapes and some common methods 
of production.
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Design for Assembly

FIGURE 1.4  Redesign of parts to facilitate automated assembly. Source: Reprinted from G. Boothroyd and P. Dewhurst, 
Product Design for Assembly, 1989, by courtesy of Marcel Dekker, Inc.
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All-Aluminum Automobile
Robotically applied, advanced arc-welding processes
provide consistent, high-quality assembly of castings,
extrusions, and sheet components

Strong, thin-walled extrusions
exhibit high ductility, energy
absorption, and toughness

Die-cast nodes are thin-walled
to maximize weight reduction
yet provide high performance

Advanced extrusion bending processes
support complex shapes and tight radii

(a) (b)

FIGURE 1.5   (a) The Audi A8 automobile, an example of advanced materials construction; (b) The aluminum body 
structure, showing various components made by extrusion, sheet forming, and casting processes. Source: Courtesy of 
ALCOA, Inc.
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Methods of Manufacture

FIGURE 1.6  Various methods of making a simple part: (a) casting or powder metallurgy, (b) forging or upsetting, (c) 
extrusion, (d) machining, (e) joining two pieces.
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Scales in 
Manufacturing

FIGURE 1.7   Illustration of the range of 
common sizes of parts and the capabilities of 
manufacturing processes in producing these 
parts. 
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Machining a Mold Cavity

FIGURE 1.8   Machining a mold cavity for making sunglasses. (a) Computer model of the sunglasses as designed and 
viewed on the monitor. (b) Machining the die cavity using a computer numerical control milling machine. (c) Final 
product produced from the mold. Source: Courtesy Mastercam / CNC Software, Inc.
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Flexible Manufacturing

FIGURE 1.9   General view of a flexible manufacturing system, showing several machines (machining centers) and an 
automated guided vehicle (AGV) moving along the aisle. Source: Courtesy of Cincinnati Milacron, Inc.
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Global Labor Rates

FIGURE 1.5   (a) The Audi A8 automobile, an example of advanced materials construction; (b) The aluminum body 
structure, showing various components made by extrusion, sheet forming, and casting processes. Source: Courtesy of 
ALCOA, Inc.

TABLE 1.3

Source: Courtesy of U.S. Department of Labor, November 2004. 

Approximate Relative Hourly Compensation for Production Workers, 
for 2003. United States = 100. Compensation Costs Vary Depending 
on Benefits and Allowance. 

Denmark   147 

Norway   144 

Germany   136 

Belgium, Switzerland 127 

Finland, Netherlands 123 

Austria, Sweden  116 

United States  100 

France     96 

United Kingdom    93 

Australia, Canada, Japan   90 

Ireland, Italy  85 

Spain   67 

Israel   53 

New Zealand, Korea 48 

Singapore  33 

Portugal, Taiwan  27 

Czech Republic  20 

Brazil, Mexico  11 

China, India  10 

European countries  111 

Asian countries    33 


