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Unit 1 The Roles of Engineers in Manufacturing

Many engineers have as their function the designing of products that are to be brought into
reality through the procéssing or fabrication of materials. In this capacity they are a key factor in
the material selection-manufacturing procedure . A design engineer, better than any other person,
should know what he or she wants a design to accomplish. He knows what assumptions he has
made about service loads and requirements, what service environment the product must with-
stand, and what appearance he wants the final product to have. In order to meet these require-
ments he must select and specify the material(s) to be used. In most cases, in order to utilize the
material and to enable the product to have the desired form, he knows that certain manufacturing
processes will have to be employed. In many instances, the selection of a specific material may
dictate what processing must be used. At the same time, when certain processes are to be used,
the design may have to be modified in order for the process to be utilized effectively and eco-
nomically. Certain dimensional tolerances can dictate the processing. In any case, in the sequence
of converting the design into reality, such decisions must be made by someone. In most instances
they can be made most effectively at the design stage by the designer if he has a reasonably ade-
quate knowledge concerning materials and manufacfun'ng processes. Otherwise, decisions may
be made that will detract from the effectiveness of the product, or the product may be needlessly
costly. It is thus apparent that design engineers are a vital factor in the manufacturing process,
and it is indeed a blessing to the company if they can design for producibility—that is, for effi-
cient production.

Manufacturing engineers select and coordinate specific processes and equipment to be used,
or supervise and manage their use. Some design specific tooling that is used so that standard ma-
chines can be utilized in producing specific products. These engineers must have a broad knowl-
edge of machine and process capabilities and of materials, so that desired operations can be done
effectively and efficiently without overloading or damaging machines and without adversely af-
fecting the materials being processed. These manufacturing engineers also play an imi)ortant role
in manufacturing.

A relatively small group of engineers design the machines and equipment used in manufac-
turing. They obviously are design engineers and, relative to their products, have the same con-
cerns of the interrelationship of design, materials, and manufacturing processes. However, they
have an even greater concern regarding the properties of the materials that their machines are
going to process and the interaction of the materials and the machines.

Still another group of engineers—the materials engineers—devote their major efforts to de-
veloping new and better materials'"). They, too, must be concerned with how these materials can
be processed and with the effects the processing will have on the properties of the materials.

Although their roles may be quite different, it is apparent that a large proportion of engi-
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neers must concern themselves with the interrelationship between materials and manufacturing
processes.

Low-cost manufacture does not just happen. There is a close and interdependent relationship
between the design of a product, selection of materials, selection of processes and equipment, and
tooling selection and design. Each of these steps must be carefully considered, planned, and co-
ordinated before manufacturing starts. This lead time, particularly for complicated products, may
take months, even years, and the expenditure of large mount of money may be involved. Typi-
cally, the lead time for a completely new model of an automobile is about 2 years. For a modern
aircraft it may be 4 years.

With the advent of computers and machines that can be controlled by either tapes made by
computers or by the computers themselves, we are entering a new era of production planning.

_ The integration of the design function and the manufacturing function through the computer is
called CAD/CAM (computer aided design/computer aided manufacturing). The design is used to
determine the manufacturing process planning and the programming information for the manu-
facturing processes themselves. Detailed drawings can also be made from the central data base
used for the design and manufacture, and programs can be generated to make the parts as
needed?. In addition, extensive computer aided testing and inspection (CATI) of the manufac-
tured parts is taking place. There is no doubt that this trend will continue at ever-accelerating
rates as computers become cheaper and smarter.

Words and Expressions

dictate [dik'teit] V. B, M

procedure [pro'si:d3e] n. FEF, LHEFTR
sequence ['si:kwens] n. ire, B, T
detract [di'treekt] V. 2%, K

coordinate . [keu'a:dinat] n. Abkrs DAMEEHE, %
tooling ['tu:lin] n. TR, JJR, TZ2%%
interdependent  [,intadi'pendant] adj. AR, MEEWK, HEXEKK
interrelationship ~ ['intari'leifan[ip] n. HEXR

advent ['sedvent] n. B, HIM, Kk
integration Linti'greifon] n. £, A, ki
modify ['madifai] v. B, XE, A%
needlessly ['ni:dlisli] adv. ALEHS, ToHHL
complicated [komplikeitid] adj. W E N, BRER 4
expenditure [iks'pendit[ o] n. MR, XH |
inspection [in'spekfan] n. wi, WE, Bik
ever-accelerating adj. AW s

lead time P S BT 2 SE B T 7 F B ]
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NOTES

[1]. Still another group of engineers—the materials engineers—devote their major efforts to -

developing new and better materials.

A oL TRRIT, BRI, AIBCH T IR ELF BT EA R . (Devote 2“3

[2]. Detailed drawings can also be made from the central data base used for the design and
manufacture, and programs can be generated to make the parts as needed.
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Reading Material

The Machine Designer's Responsibility

A new machine is born because there is a real or imagined need for it. It evolves from
someone's conception of a device with which to accomplish a particular purpose. From the con-
ception follows a study of the arrangement of the parts, the location and length of links (which
may include a kinematic study of the linkage), the places for gears, bolts, springs, cams, and
other elements of machines. With all ideas subject to change and improvement, several solutions
may be and usually are found, the seemingly best one being chosen.

The actual practice of designing is applying a combination of scientific principles and a
knowing judgment based on experience. It is scldom that a design problem has only one right
answer, a situation that is often annoying to the beginner in machine design.

Engineering practice usually requires compromises. Competition may require a reluctant
decision contrary to one's best engineering judgment; production difficulties may force a change
of design; etc.

A good designer needs many attributes, for example:

(1) A good background in strength of materials, so that the stress analyses are sound. The
parts of the machine should have adequate strength and rigidity, or other characteristics as
needed. )

(2) A good acquaintance with the properties of materials used in machines.

(3) A familiarity with the major characteristics and economics of various manufacturing
_ processes, because the parts that make up the machine must be manufactured at a competitive
cost. It happens that a design that is economic for one manufacturing plant may not be so for an-
other. For example, a plant with a well-developed welding department but no foundry might find
that welding is the most economic fabricating method in a particular situation; whereas another
plant faced with the same problem might decide upon casting because they have a foundry ( and
may or may not have a welding department).

(4) A specialized knowledge in various circumstances, such as the properties of materials in
corrosive atmospheres, at very low (cryogenic) temperatures, or at relatively high temperatures.

(5) A preparation for deciding wisely: @ when to use manufacturers’ catalogs, buying
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stock or relatively available items, and when custom design is necessary; ® when empirical
design is justified; @ when the design should be tested in service tests before manufacture starts;
@ when special measures should be taken to control vibration and sound (and others).

(6) Some aesthetic sense, because the product must have "customer appeal” if it is to sell.

(7) A knowledge of economics and comparative costs, because the best reason for the exis-
tence of engineers is that they save money for those who employ them. Anything that increases -
the cost should be justified by, for instance, an improvement in performance, the addition of an
attractive feature, or greater durability.

(8) Inventiveness and the creative instinct, most important of all for maximum effectiveness.
Creativeness may arise because an energetic mind is dissatisfied with something as it is and this
mind is willing to act.

Naturally, there are many other important considerations and a host of details. Will the ma-
chine be safe to operate? Is the operator protected from his own mistakes and carelessness? Is
vibration likely to cause trouble? Will the machine be too noisy? Is the assembly of the parts
relatively simple? Will the machine be easy to service and repair? :

Of course, no one engineer is likely to have enough expert knowledge concerning the above
attributes to make optimum decisions on every question']. The larger organizations will have
specialists to perform certain functions, and smaller ones can employ consultants. Nevertheless,
the more any one engineer knows about all phrases of design, the better. Design is an exacting
profession, but highly fascinating when practiced against a broad background of knowledge.

Words and Expressions

arrangement [e'reindzmant] n. RE, iR, W&

linkage Cligkidz] n. EAT, EFPH

seemingly ' ['sizminiil adv. xE L, W E, FEE
kinematic Lkaini'meetik] adj. BN

annoy [o'nai] V. T il

compromise ['kompramaiz] n. Zh

reluctant [rilaktent] adj. - R, WM, BEBH
attribute [‘eetribju:t] n. B, fetE, fFME o
acquaintance [o'kweintens] n. RE, TR

foundry ['faundri] 7 %, B

fabricate ['feebrikeit) Ve S, ik

atmosphere [‘eetmasfia] n. KRE, &R

cryogenic [.kraia'dzenik] adj. AR, KRN

stock [stok] n. Exb, e

empirical [em'pirik(e)I] adj. LR, LHK

aesthetic [i:s'Betik] adj. WENK, KE¥EH, ERH
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appeal [a'pi:l] n. WG [eeee ITERE, ARERD

comparative [kem'peerativ] adj. EhBf, AHEH

justify ['d3Astifai] v. iE8e, A FHEH

inventiveness [in'ventivnis] n. KUPRIERE S, BlEM

instinct ['instinkt] n. Ak, AfE, HiE

energetic [ena'd3etik] adj. BER, HAM, RSN

host [haust] n. wE, 28

fascinating [feesineitin] adj. SIANKER, REBH
NOTES

[1]. no one engineer is likely to have enough expert knowledge concerning the above attrib-
utes to make optimum decisions on every question.

BE—ATREMEE® AT RS EARRANA MRS HERTR, NS EE
VEH BB NS . (belikelyto... 2 “KME” , “A[RE” WEAE)

WA
P ENME

AT EFENREENEE. ERETRIEEN TR RGENTTHRER
YRS . RIEXMES, SEHRBHOAE, ERFNKENMERE
EAIEEA B EH), . B, MR, WRELMAIREFANALE. BTBIEM
BHERATHOARE:, RATTEIFERE T URBLNMERT R, WPEE - NBERERELH.

LHFEHEITESI RS HAEFEENGENA, RETOHLBRMIEFAN. &itR8
RORE—HERNER, X—SAERRREIRL T,

RS K ERTELFEEZY, WHERSBEMUREHNIET MRS MBI TE
AWM, EF=HE N EERSERIABA SRR

MFEHRITENEZAEFSELARE, B

() ERHAEFERER, UERBHITRINNADN, EIRFHRELS
FRIBREE. WIBE R AR BT 75 R4

(2) BENHLRAT MBI

(3) BBEMEIE L Z M IRRA, E%ﬁﬁﬂ%%i#%%ﬁ&$%%ﬂﬁﬁ%
M. ZE—ANL MIGHIEHALFLANRIE TR, TRl AERTHA AT . i,
BT BESI TR EMNBEEEIR T EXMERFET, LOTRSINEERE
BAKRMEIETFR, WX FREEHEERII(THRARTRRARERDNT, mikR
FER R AT e B

@) FREF TR T AR FIMERMIAE. (RBEAAX EE TR E.

(5) HWHIRWHLEAR. ETH: O HaMEERH & B RWEEEREAHXY 5,
AR LA P RERFE R @ FANBRREBELKRRERTT: @ fFARNREATHR™
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RIISER: @ HaRMEERIRZRIE MR IR AR .

(6) —EMHERAES, LMEF RSN EBRTIBE.

() BETHREMETFERBRALERER, BAXEIRE, BETEMRETIENER
RRAAIEES R T E R AN AA R EE, Fl, SoEERe, ks
H1, BAEFRELEARM.

®) AfaEYE, XERBRENREENRR. QEERETAHIR, 2lEH
i BAEA 8 L

4R, BEASHMEENERNAT. slm, HSRMERLTRE? RAEFHLRR
RESAZGE? ksl ge5BHEE? JLSNRAERKE? B4R ED?
PLARE R MGEB R 575 ?

2R, BE-ALREMEER AT ERBEEAR R NG KR WER, NE—
MEABEHRERENEE . RAREEMIKER, DMATTLEEBHE. HITRx
RILZHHATH, BRBEMET. SR MEAMTL, BREEFFENMR &
W IAER R 2 H B .



Unit2 Selection of Materials

A material is generally used because it offers the required properties at reasonable cost. Ap-
pearance is also an important factor. Perhaps the most common classification that is encountered
in materials selection is whether the material is metallic or nonmetallic. The common metallic
materials are such metals as iron, copper, aluminum, magnesium, nickel, titanium, lead, tin, and
zinc and the alloys of these metals, such as steel, brass, and bronze. The metallic material is fur-
ther classified as ferrous ( iron and its alloys) and non-ferrous ( all other metallic materials) metal.
They possess the metallic properties of luster, thermal conductivity, and electrical conductivity;
are relatively ductile; and some have good magnetic properties. The common nonmetals are
wood, brick, concrete, glass, rubber, and plastics. Their properties vary widely, but théy generally
tend to be less ductile, weaker, and less dense than the metals, and they have no electrical con-
ductivity and poor thermal conductivity.

Although it is likely that metals always will be the more important of the two groups the
relative importance of the nonmetallic group is increasing rapidly, and since new nonmetals are
being created almost continuously, this trend is certain to continue. In many cases the selection
between a metal and nonmetal is determined by a consideration of required properties. Where the
required properties are available in both, total cost becomes the determined factor'),

One material can often be distinguished from another by means of physical properties, such
as color, density, specific heat, coefficient of thermal expansion, thermal and electrical conduc-
tivity, magnetic properties, and melting point. Some of these, for example conductivity, electrical
conductivity, and density, may be of prime important in selecting material for certain specific
uses. However, those properties that describe how a material reacts to mechanical usages are of-
ten more important to the engineers in selecting materlals in connection with design. These me-
chanical properties relate to how the material will react to 'the various loading service.

Mechanical properties are the characteristic response of materials to applied forces. These
properties fall into five broad categories: strength, hardness, elasticity, ductility, and toughness.

(1) Strength is the ability of a material resist applied forces. Elevator cables and buildings
beams all must have this property.

(2) Hardness is the ability of a material resist penetration and abrasion. Cutting tools must
resist abrasion, or wear. Metal rolls for steel mills must resist penetration.

(3) Elasticity is the ability to spring back to original shape. All springs should have this
quality.

(4) Ductility is the ability to undergo permanent changes of shape without rupturing.
Stamped and formed products must have this property.

(5) Toughness is the ability to absorb mechanically applied energy. Strength and ductility
determine a material's toughness. Toughness is needed in railroad cars, automobile axles, ham-



