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General Introduction

1. What Is Manufacturing?

2. The Design Process and Concurrent Engineering

3. Selecting Materials

4. Selecting Manufacturing Processes

5. Computer-Integrated Manufacturing

6. Global Competitiveness and Manufacturing Costs

7. Lean Production and Agile Manufacturing

8. Environmentally Conscious Design and Manufacturing

1. WHAT IS MANUFACTURING?

As you begin to read this Introduction, take a few moments and inspect various objects around
you: your pen, watch, calculator, telephone, chair, and light fixtures. You will soon realize that all
these objects had a different shape at one time. You could not find them in nature as they appear in
your room. They have been transformed from various raw materials and assembled into the shapes

that you now see.

Low noise design

with optimized number Dugl cone
and spacing of ' Dual schedule VSV's fuel nozzles
blades and vanes \ | Advanced aero ! Low emissions, short
\ high-stage loading, rolied-ring
Advanced fan | /stall-resistant // combustor
aerodynamics f compressor / Contin vously modulated
/ Advanced // / HPwrbine

Modified booster
to match fan exit flow

/ clearance /- cleara
/- control-cooled, # 2
rotor .

Low-loss, part-span,
airfoil-shaped shrouds

Chamfered %>
case

. Modified LP turbine
¢learance control

; Advanced LP turbine
Enlarged HP aerodynamics-4'/: stage design
flow path for
reduced Mach
numbers

Positive centering

i rotor with combined

ball and roller
bearing

Highly FOD-resistant design

Modified cooling design

FADEC (air-cooled
FADEC (air-cooled) for low temperatures

FIGURE 1 Cross-sectional view of a jet-engine, showing various components. ‘Many of the materials
used in this engine must maintain their strength and resist oxidation at high temperatures. Source:
Courtesy of General Electric Company.
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Some objects are made of a single part, such as nails, bolts, wire or plastic’ coat: hangem*
metal brackets, and forks. However, most objects, such as aircraft jet engines. (mveﬁted in 15939
Fig. 1), ball-point pens (1938) toastel's (}926) Washglg machmes (1910) 4 air. coﬂdltloners
(1928), refrigerators ( 1931) photocopiers (1949) , all types of machmes and ﬂmusandé of ather
products are constructed by the assembly of a number of parts made from a vartety,,d? matpnﬁls, -8

the following list indicates. All of the products mentioned are made by various procésses that we call

manufacturing.
Product S Number of parts
Rotary lawn mower o 300
Grand piano S . 12,000
Automobile o a ' 15,000
C-5A transport plane >4',000,000
Boeing 747—400 . R > 6,000,000

Manufacturing, in its broadest sense, is the process of convertmg raw, materials into products.
It encompasses (1) the design of the product, (2) the selection of raw materlals and (3) the
sequence of processes through which the product will be manufactured.

Manufacturing is the backbone of any industrialized nation. Its importance is emphasxzed by the
fact that, as an economic activity, it comprises approximately 20% to 30% of the value of all goods
and services produced. A country’s level of manufacturing activity is directly related to its economic
health. Generally, the higher the level of manufacturing activity in a country, the higher the
standard of living of its people.

Manufacturing also involves activities in which the manufactured product is itself used to make
other products. Examples of these products are large presses to shape sheet metal for car bodies,
machinery to make bolts and nuts, and sewing machines for making'clothing. An equally important
aspect of manufacturing activities is the servicing and maintenance of this machinery during its useful
life. R
The word manufacturing is defived from the Lntm manu factus meamng made by hand. The
word manufacture first appearsd Y 1567, and the ‘word manufacturing appeared in 1683. In the
modern sense, manufacturing hvolves making prodiicts from raw materials by means of various
processes, machinery, and operations, through a wéll-orgamzed plan {6r each activity required. The
word product means somethmg that is produced, and the words prod\]ct and ‘production first appeared
sometime during the 15th century.

The word production is often used interchangeably with the word manufacturing. Whereas
manufacturing engineering is the term used widely in the Umted States to describe this area of
industrial activity, the equivalent term in other countries is productlon engineering.

Because a manufactured item has undergone a number of processes in which pieces of raw
material have been tumed into a useful product, it has a value—defined as monetary worth or

marketable price. For example, as the raw material for ceramics, clay has a certain value as niined.
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When the clay is used to make a ceramic cutting tool or electrical insulator, value is added to the
clay. Similarly, a wire coat hanger or a nail has a value over and above the cost of the piece of wire
from which it is made. Thus manufacturing has the imporiant function of adding value.

Manufacturing may produce discrete products, meaning individual paris, or continuous
products. Nails, gears, balls for bearings, beverage cans, and engine blocks are examples of
discrete parts, even though they are mass produced at high production rates. On the other hand, a
spool of wire, a sheet of metal or plastic, and lengths of tubing, hose, and pipe are continuous
products, which may be cut into individual pieces and thus become discrete parts. v

Manufacturing is generally a complex activity involving a wide variety of resources and

activities, such as the following .

+ Product design » Purchasing + Marketing

+ Machinery and tooling » Manufacturing + Sales

* Process planning * Production control « Shipping

+ Materials * Support services + Customer service

Manufacturing activities must be responsive to several demands and trends:

1. A product must fully meet design requirements and product specifications and
standards.

2. A product must be manufactured by the most environmentally friendly and economical
methods.

3. Quality must be built into the product at each stage, from design to assembly, rather than
tested in after the product is made. Furthermore, the level of .quality should be appropriate to the
product’ s use.

4. In a highly competitive environment, production methods must be flexible enough to respond
to changes in market demands, types of products, production rates, production quantities, and on-
time delivery requirements.

5. New developments in materials, production methods, and computer integration of both
technological and managerial activities in a manufacturing organization must constantly be evaluated
with a view to their appropriate, timely, and economical implementation. :

6. Manufacturing activities must be viewed as a large system, the parts of which are
interrelated. Such systems can now be modeled, in order to study the effect of factors such as
changes in market demands, product design, and materials. Various other factors and production
methods affect produet quality and cost.

7. A manufacturing organization must constantly strive for higher levels of quality and
productivity ( defined as the optimum use of all its resources: materials, machines, energy,
capital, labor, and technology). Output per employee per hour in all phases must be maximized.
Zero-based part rejection (and consequent reduction of waste) . are also an integral aspect of
productivity. :

Although it is difficult to be more precise, manufacturing dates back to about 5000—4000 B.
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C. It is older than recorded history, because primitive cave or rock markings and drawings were
dependent on some form of brush or marker using a “paint,” or a means of notching the rock;
appropriate tools had to be made for these applications. Manufacturing of products for various uses
began with the preduction of articles made of wood, ceramic, stone, and metal (Table:1). The
materials and processes. first used to éhape products by casting and hammering have been gradually

developed over the:centuries, using new materials and more complex operations, at increasing rates

of production and at higher levels of quality.

TABLE 1 Historical Development of Materials and Manufacturing ‘Processes

Period Casting processes Forming processes
a " Before 4000 B.c. Gold, copper. meteoritic iron Hammering
< % s s
dido 2
o« 2 LN Q .3 40003000 B.C. Copper casting, stone and metal molds, lost Stamping, jewelry
§ AR g wax process, silver, lead, tin, bronze
! 9‘_ fo] 3000-2000 B.C. Bronze casting Wire by cuuing sheet and drawing: goid leat
cluwy®
=] o =
3 : § ? 2 2000-1000 8.C. Wrought iron, brass
o
8 = I} ;"j ;-.5 1000-1 B.C. Cast iron, cast steel Stamping of coins
-, B
o~ = E « 8 .
1t ‘B 2 § 1-1000 A.D. Zinc, steel Armor, coining, forging, steel swords
E- 8 g g ,’a’ 1000-1500 Blast furnace, type metdls, casting of bells, Wire drawing, gold an sitver smith work
l:’“g E g pewter
5 = 1500-1600 Cast iros cannon, tinplate Water power for metalworking. rolling mill for
~ . coinage strips
o 1600-1700 Permanent mold castings, brass from copper Rolling (lead, gold, silver), shape rolling (lead)
- b and metallic zinc :
E g '; 1700-1800 Malleable cast iron, crucible steel Extrusion (lead pipe), deep drawing, rollmg
3 -g = ' (iron bars and rods)
5 E E 1800-1900 Centrifugal casting, Bessemer process, electro- Steam hammer, steel rolling, seamless wbe
H ' lytic aluminum, nickel stecls, babhbitt, galva- picrcing, stecl rail mllmg continuous rollmg,
nized steel, powder metallurgy, tungsten steel, clectroplating
open-hearth steel
g 1900=1920 Tubé rolling, hot extrusion
1920-1940 Die casling Tungslen wire [rom powder
g 1940-1950 Lost wax for engineering parts Extrusion (steel), swaging, powder metals for
' ' enginecting parts
1950-1960 Ceramic mold, nodular iron, semicond Cold extrusion (steel), explosive forming,
CONtiNUoOUS casting thermomechanical treatment
) : -
& 1960-1970 Squeeze casting, single crystal turbine blades Hydrostatic extrusion; electroforming
g- 1970-2000 C d casting, organi- Precision forging, ispthermal forging, super-

cally bonded sand. automation of tholding and
pouring, rapid solidification technology, metal-

matrix composites, semisdfitt metalworking,

rheocasting

plastic forming, dies made by computer-aided
design and mamlfacmnng rapid prototyping,
net-shipe forming

Source: After J. A. Schey, C.S. Smith, R.F. Tylecote, T.K. Derry, T.t. Williams, and S. Kalpakjian,

The first materials used for making household utensils and ormamental objects included metals
such as gold, copper, and iron, followed by silver; lead; tin, bronze, and brass. The production of
steel in about 600—800 A. D. was a major development. Since then, a wide variety of ferrous and
nonferrous metals have been developed. Today, the materials used in advanced products such as

computers and supersonic aircraft include engineered or tailor-made materials ‘with Gnique
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properties , such as ceramics, reinforced plastics, composite materials, and specially alloyed metals.

Until the Industrial Revolution, which began in England in the 1750s, goods had been
produced in batches, with much reliance on manual labor in all aspects of production. Modern
mechanization began in England and Europe with the development of textile machinery and of
machine tools for cutting metals. This technology scon moved to the United States, where it was
developed further, including the important. advance of designing, making, and using
interchangeable jparts.. Prior to the introduction of interchangeable parts, a great deal of hand-
fitting was necessary, because no two parts were made exactly alike. By contrast, we now take for
granted that we can replace a broken bolt of a certain size with an identical one purchased years later
from a local hardware store. i

Further developments soon followed, resulting in numerous products that we cannot imagine
being without, because they are so common. Since the early 1940s, major milestones have been

reached in all aspects of manufacturing. For example, note from Table 1 the progress made during

Joining processes

Tools, machining,
and manufacturing systems

Nonmetallic materials
-and composites

Soldering (Cu-An, Cu-Pb,
Pb-Sn)

Riveting. brazing

Forge welding of iron and
steel, gluing

Oxyacetyleac: are, elcetn-
cal resistance. and Ther-
mit welding

Coated electrodes

Submerged are welding

Gas metul—arc, gas tung-
sten-—arc, and electroslag
welding: explosive welding
Plasma arc and electron
beam, adhesive bonding

Laser beam; diffusion
bonding (also combined
with superplastic forming)

Tools of stone, flim, wood, bone, ivory, composite
tools '
Corundum

Hoc making, hammered axes. tools for ironmak-
ing and carpentry

Improvced chiscls. saws. files, woodworking lathes

Etching of armor

Sandpaper, windmill-driven saw

Hand lathe (wood)

Boring, turning. screw cutting lathe, drill press

Shaping, milling. copying lathe for gunstocks:
turret lathe; universal milling machine; vitrified
grinding wheel

Gearcd lathe, automatic screw machine, hob-
bing, high-speed steel tools. aluminum oxide
and silicon carbide (synthetic)

Tungsten carbide. mass production, transfer
machines

Electricdl and chemical machining,

control

Titanium carbide, synthetic di d ical
control

Cubic boron nitride, coated tools, diamond turn-
ing, ultraprecision machining, computer inte-
grated manufacturing. industrial robots, flexible
manutacturing systems, untended factory

Earthenware, glazing. natural fibers

Glass beads. potter’s wheel, glass vessels
Glass pressing and blowing

Venetian glass

Crystal glass

Cast plate glass, flint glass
Porcelain

Window glass from slit cylinder, light bulb,
vulcanization: rubber processing, polyester,
styrene, celluloid. rubber extrusion. molding

Automatic bottic making, Bakclite,
borosilicate glass

Development of plastics, casting, molding, PVC,
cellulose acetate, polyethylene. glass fibers

Acrylics, synthetic, rubber, epoxies,
photosensitive glass

ABS, sificones, fludrocarbons. polyurethane,
float glass, tempered glass, glass ceramics

Acetals, polycarbonates, cold forming of plastics,
reinforced plastics. filament winding

Adhesives, composite materials, optical fibers,
structural ceramics, ceramic components for
autofmotive and aerospace engines, ceramic-
matrix composites
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the past 100 years, and especially during the last two decades with the advent of the computer age,
as compared to that during the long period from 4000 B.C. to 1 B. C.

Although the Romans had factories for mass-producing glassware, manufacturing methods were
at first very primitive and generally very slow, with much manpower involved in handling parts and
running the machinery. Today, with the help. of computer-integrated manufactaring systems,
production methods have been advanced to such an extent that, for example, holes in sheet metal
are: punched at rates of 800 per minute and aluminum beverage cans are manufactured at rates of 500

. 2
per minute. @

2. THE DESIGN PROCESS AND CONCURRENT ENGINEERING

- The design pracess for a product first requires a clear understandmg of the functions and the
performance expected of that product. The produet may be new, or it. may be a revised version of
an existing product. We all have observed, for example, how the design and style of radios,
toasters, watches, automobiles, and washing machines have changed.

The market for a product and its anticipated uses must be defined clearly, with the assistance of
sales personnel, market analysts, and others in the organization. Product design is a critical activity
because it has.been estimated that 70% to 80% , of the cost of product development and manufacture
is determined by the decisions made in the initial design stages.

Traditionally, design and manufacturing activities have taken place sequentially rather than
concurrently or simultaneously ( Fig. 2a). Designers would spend considerable effort and time in
analyzing components and preparing detailed part drawings; these drawings would then be forwarded
to other departments in the organization, such as materials departments, where, for example,
particular alloys and vendor sources would be identified.

The specifications would then be sent to a manufacturing department, where the detailed
drawings would be reviewed and processes selected for efficient production, While this approach
seems logical and straightforward in theory, it has been found in practice to be extremely wasteful of
resources. ‘ o

In theory, a product can flow from one department in an organization to anothet and then
directly to the marketplace, butﬂin practice there are usually difficulties encountered. For example,
a manufgcturing engineer may wish to taper the flange on a part to improve its castability or may
decide that a different alloy is desirable; such changes necessitate a repeat of the design analysis
stage,.in order to ensure that the product will still function satisfactorily. These iterations, also
shown in Fig.2a, certainly waste resources, but, more importantly, they waste time.

There is a great desire, originally driven by the consumer electronics industry, to bring
products to market as quickly as possible. The rationale is that products introduced early enjoy a
greater percentage of the market and hence greater profits, and that they have a longer life before
obsolescence ( clearly a concern with consumer electronics ). For these reasons, concurrent

engineering, also called simultaneous engineering, has come to the fore.



