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General Introduction

. What Is Manufacturing

. The Design Process and Concurrent Engineering

. Selecting Materials

. Selecting Manufacturing Processes

. Computer-Integrated Manufacturing

. Global Competitiveness and Manufacturing Costs

. Lean Production and Agile Manufacturing

. Environmentally Conscious Design and Manufacturing

1. WHAT IS MANUFACTURING
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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.

Courtesy of General Electric Company.









TABLE 1 Historical Development of Materials and Manufacturing Processes

Period Casting processes Forming processes
a Before 4000 B.C. Gold, copper, meteoritic iron Hammering
e S
UYe 2
M fg '; AN E 4000-3000 B.C. Copper casting, stone and metal molds, lost Stamping, jewelry
S = I 8 wax process, silver, lead, (in, bronze
bt =] . . . . .
P =25 3000-2000 B.C. Bronze casting ‘Wire by cutting sheet and drawing; gold leaf
c 8 Uwe
= = oA [:l' ‘:‘
U Yo l = 2000-1000 B.C. Wrought iron, brass
el =R =
S ) 2= 1000-1 B.C. Cast iron, cast steel Stamping of coins
== e
S B S
2t = %" = 1-1000 A.p. Zing, steel Armor, coining, forging, steel swords
S5 U85 %
—é: 20 g % 1000-1500 Blast furnace, type metals, casting of bells, Wire drawing, gold and silver smith work
L%Dé § g pewter
5 & 1500-1600 Cast iron cannon, tinplate Water power for metalworking, rolling mill for
& coinage strips
o 1600-1700 Permuncent mold castings, brass from copper Rolling (lead, gold, silver), shape rolling (lead)
-5 kA and metallic zinc
g -g g 1700-1800 Malleable cast iron. crucible steel Extrusion (lcad pipe), deep drawing, rolling
B % S (iron bars and rods)
= v
k=) é l:’ 1800-1900 Centrifngal casting, Bessemer process, electro- Steamn hammer, steel rolling, seamless tube
) Iytic aluminum, nickel steels, babbitt, galva- piercing, steel rail rolling, continuous rolling,

1900-1920

WWI

1920-1940

1940-1950

WWII

1950-1960

1960-1970

Space age

1970-2000

nized steel, powder metallurgy, tungsten steel,
open-hearth steel

Die casling
Lost wax for engineering parts

Ceramic mold, nodular iron, semiconductors,
continuous casting

Squeeze casting, single crystal turbine blades

Compacted graphite, vacuum casting, organi-
cally bonded sand, automation ol molding and
pouring, rapid solidification technology, metal-
matrix composites, semisolid metalworking,
rheocasting

electroplating

Tube rolling, hot extrusion

Tungslen wire [rom powder

Extrusion (steel), swaging, powder metals for
engineering parts

Cold extrusion (steel), explosive forming,
thermomechanical treatment

Hydrostatic extrusion; electroforming

Precision forging, isothermal forging, super-
plastic lorming, dies made by compuler-aided
design and manufacturing, rapid prototyping,
net-shape forming

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



Joining processes

Tools, machining,
and manufacturing systems

Nonmetallic materials
and composites

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

Riveting, brazing

Forge welding of iron and
sleel, gluing

Oxyacctylene; arc, clectri-
cal resistance, and Ther-
mit welding

Coated electrodes

Submerged arc welding

Gus metal—arc, gas tung-
sten—arc, and electroslag
welding; explosive welding

Plasma arc and clectron
beam, adhesive bonding

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

Tools of stone, flint, wood, bone, ivory, composite
tools

Corundum

Hoe making, hammered axes, tools for ironmak-
ing and carpentry

Improved 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;
tutret lathe; universal milling machine; vitrified
grinding wheel

Geared lathe, automatic screw machinge, hob-
bing, high-speed steel tools, aluminum oxide
and silicon carbide (synthetic)

Tungsten carbide, mass production, transfer
machines

Electrical and chemical machining, automatic
control

Titanium carbidc, synthetic diamond, numcrical
control

Cubic boron nitride, coated tools, diamond turn-
ing, ultraprecision machining, computer inte-
grated manutacturing, industrial robots, flexible
manufacturing 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 bottle making, Bakelite,
borosilicate glass

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

Acrylics, synthetic, rubber, epoxies,
photosensitive glass

ABS, silicones, fluorocarbons, polyurethane,
float glass, tempered glass, glass ceramics

Acctals, polycarbonates, cold forming of plastics,
reinforced plastics, filament winding

Adhesives, composite materials, optical fibers,
structural ceramics. ceramic components for
automotive and aerospace engines, ceramic-
matrix composites




2. THE DESIGN PROCESS AND CONCURRENT ENGINEERING



