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Part 1 Fundamentals of Manufacturing

Unit 1 Definition of Manufacturing

Manufacturing can be defined as the transformation of raw materials into useful
products through the use of the easiest and least-expensive methods'''. It is not e-
nough, therefore, to process some raw materials and obtain the desired product. It is,
in fact, of major importance to achieve that goal through employing the easiest, fastest,
and most efficient methods. If less efficient techniques are used, the production cost of
the manufactured part will be high, and the part will not be as competitive as similar

parts produced by other manufacturers'?’

. Also, the production time should be as short
as possible to enable capturing a larger market share.

The function of a manufacturing engineer is, therefore, to determine and define the
equipment, tools, and processes required to convert the design of the desired product
into reality in an efficient manner. In other words, it is the engineer’ s task to find out
the most appropriate, optimal combination of machinery, materials, and methods nee-
ded to achieve economical and trouble-free production”’. Thus, a manufacturing engi-
neer must have a strong background in materials and up-to-date machinery as well as
the ability to develop analytical solutions and alternatives for the open-ended problems
experienced in manufacturing. This is in addition to having a sound knowledge of the

theoretical and practical aspects of the various manufacturing methods'*’.
NEW WORDS

definition ». E X, {#@AX

raw a. FKMTH

transformation n. %75

process n. & v. o, Hlk, BF
efficient ao. AHAHK

technique n. FHA, FH
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define ». RIgE------ AR

convert ». & n. ¥, KA



optimal o« BEEK, ESAHEN

background n. HE, &F

sound a. & adv. RICH (1), EEWM (H#b)
PHRASES AND EXPRESSIONS

trouble-free £ Ji i)

up-to-date 4K, BETH

open-ended JGRR il H

to be defined as & XKy

as... as possible J/RUJHEAYc----

find out EH

NOTES

[1] Manufacturing can be defined as the transformation of raw materials into useful
products through the use of the easiest and least-expensive methods.

AR BPINES, il we BT

AN R R SR A B A RN AR 4 B 1 7 B SRR I T B A R R
LEZ Uy
[2] If less efficient techniques are used, the production cost of the manufactured part
will be high, and the part will not be as competitive as similar parts produced by other

manufacturers.

LaENR: WRRAEBENER, WinTEEME>RAKRRE, NHE
EEGEES AR AR RREFHET RS
[3] In other words, it is the engineer’s task to find out the most appropriate, optimal
combination of machinery, materials, and methods needed to achieve economical and
trouble-free production.

“it” EIREREIE, EEEEIER “to find out the most appropriate, optimal
combination of machinery, materials, and methods needed to achieve economical and
trouble-free production” ,

LAEN: |AER, TERITNESHEIRBRLT XMMEK ™ AT EER
BEES . BHEENIREE . MR,

[4] This is in addition to having a sound knowledge of the theoretical and practical as-
pects of the various manufacturing methods.

AFER . A, REEES GBS B AR BLHEISERAIRK
BRaEw,



QUESTIONS

(1) What is the definition of manufacturing?

(2) Why should the production time be as short as possible?

(3) What is the function of a manufacturing engineer?

(4) Why must manufacturing engineer have a strong background knowledge?

(5) What do you learn from this article?

Unit 2 Design Materials and Production

The cost of a product depends on raw materials, production costs for machines and
labor, management and sales, warehousing and logistics, and overhead. Machine and
labor costs are inexorably related and make up, along with raw materials expenditures,

the bulk of production costs'"’

. When a material is chosen, the process, including the
machine, is frequently specified. Alternatively, if a machine is available, the raw ma-
terial that can be processed on that machine may be utilized. One could say that the
purpose of economical production is to produce a product at a profit. This infers that the
cost must be acceptable and competitive; also, a demand for the product must exist or
must be created?’.
Efficiency in Production

Since the first use of machine tools, there has been a gradual trend toward making
machines more efficient by combining operations and by transferring more skill to the

machine , thus reducing time and labor'®’.

To meet these needs, machine tools have
become complex both in design and in control. Automatic features have been built into
many machines, and some are completely automatic. This technical development has
made it possible to attain the high production rate with low labor cost that is essential for
any society wishing to enjoy high living standards'*’. Computer-aided design and manu-
facturing are significant steps of progress.

Along with the development of production machines, the quality in manufacturing
must be maintained. Quality and accuracy in manufacturing operations demand that di-
mensional control be maintained to provide parts that are interchangeable and give the
best operating service. For mass production, any one of a quantity of parts must fit in a
given assembly. A product made of interchangeable parts is quickly assembled, lower in

cost, and easily serviced"”!. To maintain this dimensional control, appropriate inspec-



tion facilities must be provided.

Three criteria that determine economical production are

(1) A functional but simple design that has appropriate aesthetic quality.

(2) A material choice that represents the best compromise among physical proper-
ties, appearance, cost, and workability or machinability.

(3) Selection of the manufacturing processes that will yield a product with no more
accuracy or better surface finish than necessary and at the lowest possible unit cost.
Product Engineering and Design

It is important that the product be designed with material, manufacturing, and en-
gineering to be competitive. For any manufactured product it is possible to specify a
stronger, a more corrosion-resistant, or a longer life material, for example, but it is the
engineer’ s obligation not to overlook the opportunity of economical production. This
leads to value engineering, which is the substitution of cheaper materials or elimination
of costly materials or of unnecessary operations.

To produce parts of greater accuracy, more expensive machine tools and operations
are necessary, more highly skilled labor is required, and rejected parts may be more
numerous. Products should not be designed with greater accuracy than the service re-
quirements demand. A good design incensed consideration of a finishing or coating op-
eration, because a product is often judged for appearance as well as function and opera-
tion. Many products, such as those made from colored plastics or other special materi-
als, are more saleable because of appearance'®’. In most cases the function of the part
is the deciding factor. This is particularly true where great strength, wear, corrosion,
resistance, or weight limitations are encountered.

For mass produced parts the design should be adaptable to mass production-type
machines with a minimum of different setups. Whenever a part is loaded, stored, and
reloaded into another machine, costs are involved that may not add value to the prod-

uct.
NEW WORDS

logistics n. (&) FEHEA

overhead n. ZHHHA, BLHH
warehousing n. EHF (E)

inexorable ad. ANEEH, TEREH
expenditure n. ST, Z£%, fHH
bulk n. K&, KEH



utilize ». F|F
profit n. Flug, W%
complex o« HZM n B4k
automatic o. HIIK, PLRK n HIHEE, AFHLBEE
devote (to) v #L----e- ZEwk, e “H
maintain v, 4E3F, (R, 4P ,
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criterion n. (¥ criteria) FR¥E, HEN
aesthetic o. WHEMNK, ZAH
compromise n. Zih, ITEIHME
machinability ». 7] T ¥4
yield v =i, Hp=
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elimination n. HEfR
reject v. $EH, PWF
coat wv. FLL (Shn) B2
adaptable a. BRIERIHY, &R MEIRK
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PHRASES AND EXPRESSIONS
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the bulk of ¥
at a profit k2%
computer-aided design T E AL BRI
mass production JKEAH
corrosion-resistant Py FE it M Y
value engineering #{H T2

NOTES

[ 1] Machine and labor costs are inexorably related and make up, along with raw mate-
rials expenditures, the bulk of production costs.

EREN: PLESMAT A, DRIEH KA HER R RN EERS,

(2] This infers that the cost must be acceptable and competitive; also, a demand for



the product must exist or must be created.

AN XREREHRALFRTUAEZMEARS K, EXE™ R
i 5 SR D AR A 7E AV AT AT B o
[3] Since the first use of machine tools, there has been a gradual trend toward making
machines more efficient by combining operations and by transferring more skill to the
machine, thus reducing time and labor.

SAIRN: AATFHREAIEELR, REHAN TELRFHSRENLER
HELZEERBRILIBEE, W37 shut B A S HFE.
[4] This technical development has made it possible to attain the high production rate
with low labor cost that is essential for any society wishing to enjoy high living stand-
ards.

LAEN: XTEARANWERESEIIRAMBESRRATE, EERE
il 7 BB A B A S K AL S R R
[5] A product made of interchangeable parts is quickly assembled, lower in cost, and
easily serviced. '

SAEN: WERETHEHRM - HERER, RAERKEES THYR
%o
[6] Many products, such as those made from colored plastics or other special materi-

als, are more saleable because of appearance.

SRER: BEFEHERIWEE, MEE R R R, T
EEE MG

QUESTIONS

(1) What is the cost of a product consisted of?

(2) What is the purpose of economical production?
(3) What are the criteria for economical production?
(4) What is the meaning of value engineering?

(5) Why should a product have a good appearance?

Unit 3 Engineering Materials

In the design and manufacture of a product, it is essential that the material and the
process be understood. Materials differ widely in physical properties, machinability

characteristics, methods of forming, and possible service life''!. The designer should
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consider these facts in selecting an economical material and a process that is best suited
to the product.

Engineering materials are of two basic types: metallic or nonmetallic. Nonmetallic
materials are further classified as organic or inorganic substances. Since there is an infi-
nite number of nonmetallic materials as well as pure and alloyed metals, considerable

study is necessary to choose the appropriate one'”’.

. . . . 3
Few commercial materials exist as elements in nature[ }.

For example, the natural
compounds of metals, such as oxides, sulfides, or carbonates, must undergo a separa-
ting or. refining operation before they can be further processed. Once separated, they
must have an atomic structure that is stable at ordinary temperatures over a prolonged
period. In metal working, iron is the most important natural element. Iron has little
commercial use in its pure state, but when combined with other elements into various
alloys it becomes the leading engineering metal. The nonferrous metals, including cop-
per, tin, zinc, nickel, magnesium, aluminum, lead, and others all play an important
part in our economy; each has specific properties and uses'*’.

Manufacturing requires tools and machines that can produce economically and ac-
curately. Economy depends on the proper selection of the machine or process that will
give a satisfactory finished product, its optimum operation, and maximum performance
of labor and support facilities. The selection is influenced by the quantity of items to be
produced. Usually there is one machine best suited for a certain output. In small-lot or
job shop manufacturing, general-purpose machines such as the lathe, drill press, and
milling machine may prove to be the best because they are adaptable, have lower initial
cost, require less maintenance, and possess the flexibility to meet changing conditions.
However, a special-purpose machine should be considered for large quantities of a
standardized product. A machine built for one type of work or operation, such as the
grinding of a piston or the surfacing of a cylinder head, will do the job well, quickly,
and at low cost with a semiskilled operator. A

Many special-purpose machines or tools differ from the standard type in that they
have built into them some of the skill of the operator. A simple bolt may be produced on
either a lathe or an automatic screw machine. The lathe operator must know not only
how to make the bolt but must also be sufficiently skilled to operate the machine. On
the automatic machine the sequence of operations and movements of tools are controlled
by cams and stops, and each item produced is identical with the previous one'*’. This
“transfer of skill” into the machine, or automation, allows less skillful operators but

does require greater skill in supervision and maintenance. Often it is uneconomical to



make a machine completely automatic, because the cost may become prohibitive.

The selection of the best machine or process for a given product requires knowledge
of production methods. Factors that must be considered are volume of production, qual-
ity of the finished product, and the advantages and limitations of the equipment capable
of doing the work. Most parts can be produced by several methods, but usually there is

one way that is most economicalm .
NEW WORDS

characteristic o« $FEHM »n B
metallic o« £EH
nonmetallic «. EELBH
organic a. AHLH
infinite <. XLFH n IR
commercial a. R &, BEAA
oxide n. FHiY
sulfide n. WY
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PHRASES AND EXPRESSIONS
suit to & T
nonferrous metal A G &R
general-purpose %31 &
special-purpose  $FBk

differ from. .. 5-----R[F
either...or... HE---e M eeeenn
not only. . .but also... AL MiH-----

NOTES

[1] Materials differ widely in physical properties, machinability characteristics, meth-

ods of forming, and possible service life.
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AR MREYEMERE. VUMY, R FEURTRNEEERS
FHEABRKAE,
[2] Since there is an infinite number of nonmetallic materials as well as pure and al-
loyed metals, considerable study is necessary to choose the appropriate one.
AEN: HTHEERMBSHASREMSENMABLERESL, FUERE
B IR B R R B MR B BT R TR
[3] Few commercial materials exist as elements in nature.
2AFR: TIVAMBERRFROBRUTRERAFEN,
[4] The nonferrous metals, including copper, tin, zinc, nickel, magnesium, alumi-
num, lead, and others all play an important part in our economy: each has specific

properties and uses.

AR ERERMH, BERE. 8. 8. 8. %, 5. &%, ERMNY
SR ERMA, THS - MAREA KRR EaRNAE
[5] On the automatic machine the sequence of operations and movements of tools are
controlled by cams and stops, and each item produced is identical with the previous one.
£mEN. FESHYURLE, TROBAEMSIHEHOHRME S BREH K,
HES—-FHE>TBEBESE— MR
[6] Most parts can be produced by several methods, but usually there is one way that

is most economical.

2AFERN . REBFFHTUARMIMT ek, HEERA - TEERET
o

QUESTIONS

(1) Why are materials and designs important to manufacturing processes?
(2) What are the basic types of engineering materials?

(3) Why is iron the most important natural element?

(4) What does economy depend on?

(5) What is the meaning of “transfer of skill” ?

(6) What factors must be considered for the selection of production methods?

Unit 4 Classification of Materials

Materials for manufactured parts or machines have such diversified properties that

even when performance and cost are considered, it is often difficult to decide the proper



