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1. Introduction to Manufacturing

HE A & fr

The wealth of a nation depends on its ability to retrieve natural
resources and manufacture goods. Although the efficiency of
the distribution system and service system is also important,
the creation of goods is the most fundamental component of
economic wealth. A simple and naive way of measuring the
living standard of a culture is to divide the total goods produced
(dollars sold) by the population. Of course, we know the
matter is not so simple, because uneven distribution of wealth
is indeed the norm everywhere. There are rich nations and
poor nations, and rich people and poor people. However, the
bottom line for creating national wealth is still to rely on the
ability to manufacture. From history, we see that humanity
has enjoyed an improvement in the standard of living over
time. However, for thousands of years, the improvement has
been relatively minor. Our first major improvement occurred
during the stone age, when humans learned how to use hand
tools. Actually, the ability to use hand tools distinguishes
humans from other animals. Hand tools enable people to make
simple things instead of waiting for nature to provide them.
Hand tools are extensions of our hands. The next major
improvement was not long ago: the Industrial Revolution
brought another jump in the standard of living, and the
development of machine tools. Machine tools are a principal
product of the Industrial Revolution. They added power and
precision to humans. With machine tools, humans can
produce goods faster and more precisely. Human productivity
3



has increased drastically, and industrial goods have replaced
handmade products. They are both less expensive and of
higher quality.

Europeans, with their newly invented machines, were
able to expand their influence throughout the world. At the
time of the Industrial Revolution, products were still custom
made with manually operated machine tools. Parts
interchangeability, developed by Eli Whitney, brought
another major improvement to manufacturing. By combining
jigs and gauges(D developed for interchangeable manufacture,
and the concept of the production/assembly line and mass
production became a reality in the twentieth century. Never
before in human history had humanity enjoyed such an
improvement in the standard of living than in the twenticth
century. Mass production® and scientific management of
manufacturing helped to produce more, better, and less
expensive goods. Automated ( mechanically controlled )
machines and systems (i.e., transfer lines) outproduced tens
of hundreds of human workers. Mass-produced identical goods
were plentiful and inexpensive. However, variety was limited
due to the high cost of changeover in the manufacturing
system. As Henry Ford so aptly put it, “You can have any
color Model T that you’d like—as long as it’s black.”

Shortly after World War [I, with the increasing demand
for more complex parts, numerical-control (NC) machine®
tools were invented. NC replaced the need of the coordinated
control of skilled machine operators, a skill that takes years to
master. Since the 1950s, more scientific and technological
developments have occurred than throughout human history.
One of the most important developments is the invention of the
digital computer. In discrete-product@ manufacturing,

4



computers are essential to the development of NC, robotics,
computer-aided design (CAD), computer-aided manufacturing
(CAM), and flexible manufacturing systems (FMSs)®. These
new computer-based technologies enable us to produce small-
batch products® at low cost. Many human decision-making
functions are replaced or assisted by computers. Thus, they
further increase human productivity. The development of
artificial intelligence (AI) and expert systems provides us with
limited intelligence for our manufacturing systems. Computers
can not only replace manual labor, but now they can also
perform some mental processing.

From both the product demand and manufacturing batch
size, we also see a trend. Before the Industrial Revolution,
demand was low and products were all custom-made. Few
products were available and their prices were uniformly high.
Machine shops produced primarily small-batch products. From
the turn of the century to the 1950s, the world was
transformed from a society with few industrial products for few
people to abundant products for everybody. Demand for
industrial products grew fast, and to respond to the demand,
mass-production techniques were developed. The lower
product cost further stimulated demand. However, the desire
to have more product variety has changed production from high
volume to medium-and-small-batch quantities once again.
Finally, in the 1980s, intense international competition has
mandated that products be made quickly and inventory be kept

to a minimum. Small-batch dynamic production environs?

are
needed. The production technology that has resulted produces
better, inexpensive products in response to rapid demand
changes. On the other hand, demand drives the development
of a new production technology. In the modern manufacturing

5



industry, survival is predicated on automation while
maintaining its flexibility. Automation should provide good
quality and low cost, and flexibility, all necessary to adapt to
changes of the product and demand. It seems obvious that the
solution is to apply computer-aided manufacturing (CAM) at

the shop floor®.

Computer-aided manufacturing can be
defined as “the applications of computers in manufacturing.”
CAM thus includes a larger number of functions, ranging from
FMS scheduling to machine control. Of course, for the total
corporation, the solution is computer-integrated manu-
facturing ( CIM ), which includes not only manufacturing
functions, but also business and other engineering functions.
CAM is part of the CIM solution.

Today’s new engineering thrusts include agile
engineering®, virtual  manufacturing systems®,  rapid
prototyping, and nanotechnologies®. The first three thrusts
are changes that are being made in the way that we engineer
products so that we can be more flexible to changes in designs
and more responsive to customer needs/requests. Agile
engineering concepts are a set of integration linkages that allow
cross-functional activities to occur transparently for the
designer, process engineer, and production engineer. As the
term agile implies, agile engineering is focused at rapid
response to customer and product changes. An agile
manufacturing system is one that can quickly/instantly respond
to product changes (demand and design). In a virtual
er:terprise®, a variety of manufacturing resource entities
(possibly even competitors) will be accessable to a designer,
for example, ownership of manufacturing resources is
available to virtually anyone that wants to use them. In a
virtual enterprise , if a special plating or manufacturing process
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is required to bring a new product to fruition, the designer
would have access to existing manufacturing facilities with
these processes to address and use them as though they were in
his own shop facility. Scheduling and refining the operation of
these resources will be as if they were in a local shop facility.

Rapid prototyping refers to a broad set of engineering
topics that are intended to be item 1 of a new design®. For
many products, it is neecessary to produce a physical item so
that ift, accessibility, and other interrelated product aspects
can be determined. Historically, first item production has
occurred in a “tool or model shop” with highly skilled
machinists and technicians. Even with these highly skilled
workers, the time required to fabricate the first item has been
exceptionally high (especially if custom tooling or fixturing is
required). Rapid prototyping is the process that allows the
“first of” to be produced more quickly and inexpensively.
Although rapid prototyping normally refers to the fabrication
of a physical product, it also can refer to creation of software
(especially control software). The processes that are normally
used in physical rapid prototyping include layered deposition of
material, for example, laser sintering. These “ layered-
methods” processes have been referred to a 3-D copying
because layers of materials are deposited in 2-D form and then
built up to make a 3-D object.

Nanotechnologies are a new set of processes that produce
very small features and products. Nanotechnologies utilize
processes that can be focused at atoms and molecules.
“Drilling” with nanotechnology processes can create a hole
molecule by molecule, thus producing an exceptionally

accurate (and small) hole.
Tien-Chien Chang
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drastically /'dreestikali/ adv. k¥ Hy

dynamic /dai'nemik/ a. HK, FIBH
engineer /iendzi'nia/ vt. ®it; $li&

entity /'entiti/ n. 3Lk

fruition /fru'ifon/ n. LM, W

mandate /'meendeit/ vt. F#l; R

prototyping /'prautaitaipin/ n. BE (FHL) &=
retrieve /ri'triov/ vt. 4L, KR

sinter /'sipta/ vi. 4, REL

thrust / 6rast/ n. #ZhH

jigs and gauges: R fEH

mass production: (K) #t&4 ™

numerical-control (NC) machine: ¥##HLKK

discrete-product: AELEA =K 5

FMSs: RHRBERE

small-batch products: /Mt &4 ™ 175

production environ: 4 =¥

Automation should ... shop floor: BN ZWHER K. KE. N
HRBEHUR—DHBH =R ABTRZEMFTLTHER, BR, £
T U140 Bh i A T B TR R AR HEE

agile engineering: HE T &

virtual manufacturing system: K #l#i# R4

nano-technology: #XHEAR (HKRTLITHZ—K, REASZ—
xX)

. virtual enterprise: MMMk
. Rapid prototyping ... design: RERFRLE—RIITEFEHRE,

R#GT-JHF RN, HEESRY,

What are the major improvements in the standard of living enjoyed by

humanity in human history?



What are the main forces that push today’s new engineering forward?
How do you understand an agile engineering system and a virtual
enterprise?

What have the “layered-methods” been referred to?



