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PART I FUNDAMENTALS OF MACHINE
DESIGN & MANUFACTURING

Unit 1 Metals

The use of metals has always been a key factor in the development of the social systems of
man. Of the roughly 100 basic elements of which all matter is composed, about half are classified
as metals. The distinction between a metal and a nonmetal is not always clear cut. The most basic
definition centers around the type of bonding existing between the atoms of the element, and
around the characteristics of certain of the electrons associated with these atoms®. In a more prac-
tical way, however, a metal can be defined as an element which has a particular package of prop-
erties.

Metals are crystalline when in the solid state and, with few exceptions (e. g., mercury), are

solid at ambient temperatures. They are good conductors of heat and electricity and are opaque to

light. They usually have a comparatively high density. Many metals are ductile that is, their
shape can be changed permanently by the application of a force without breaking. The forces re-
quired xo cause this deformation and those required finally to break or fracture a metal are compar-
atively high, although, the fracture forces is not nearly as high as would be expected from simple
considerations of the forces required to tear apart the atoms of the metal?.

One of the more significant of these characteristics from our point of view is that of crys-
tallinity. A crystalline solid is one in which the constituent atoms are located in a regular three-di-
mensional array as if they were located at the corners of the squares of a three-dimensional chess-
board®. The spacing of the atoms in the array is of the same order as the size of the atoms, the
actual spacing being a characteristic of the particular metal. The directions of the axes of the array
define the orientation of the crystal in space. The metals commonly used in engineering practice
are composed of a large number of such crystals, called grains. In the most general case, the crys-
tals of the various grains are randomly oriented in space. The grains are everywhere in intimate
contact with one another and joined together on an atomic scale. The region at which they join is
known as a grain boundary.

An absolutely pure metal (i.e., one composed of only one type of atom) has never been pro-
duced. Engineers would not be particularly interested in such a metal even if it were to be pro-
duced, because it would be soft and weak. The metals used commercially inevitably contain small
amounts of one or more foreign elements, either metallic or nonmetallic. These foreign elements
may be detrimental, they may be beneficial, or they may have no influence at all on a particular
property. If disadvantageous, the foreign elements tend to be known as impurities. If advanta-

geous, they tend to be known as alloying elements. Alloying elements are commonly added delib-
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erately even in substantial amounts in engineering materials. The result is known as an alloy.

The distinction between the descriptors “metal” and “alloy” is not clear cut. The term “met-
al” may be used to encompass both a commercially pure metal and its alloys. Perhaps it can be said
that the more deliberately an alloying addition has been made and the larger the amount of the ad-
dition, the more likely it is that the product will specifically be called an alloy. In any event, the
chemical composition of a metal or an alloy must be known and controlled within certain limits if
consistent performance is to be achieved in service. Thus chemical composition have to be taken
into account when developing an understanding of the factors which determine the properties of
metals and their alloys.

Of the 50 or so metallic elements, only a few are produced and used in large quantities in en-
gineering practice. The most important by far is iron, on which are based the ubiquitous steels
and cast irons ( basically alloys of iron and carbon). They account for about 98% by weight of all
metals produced. Next in importance for structural uses (that is, for structures that are expected
to carry loads) are aluminum, copper, nickel, and titanium. Aluminum accounts for about 0.8%
by weight of all metals produced, and copper about 0.7% , leaving only 0.5% for all other met-
als. As might be expected, the remainder are all used in rather special applications. For example,
nickel alloys are used principally in corrosion-and heat-resistant applications, while titanium is
used extensively in the aerospace industry because its alloys have good combinations of high
strength and low density. Both nickel and titanium are used in high-cost, high-quality applica-
tions, and, indeed, it is their high cost that tends to restrict their application.

We cannot discuss these more esoteric properties here. Suffice it to say that a whole complex
of properties in addition to structural strength is required of an alloy before it will be accepted in-
to, and survive in, engineering practice? . It may, for example, have to be strong and yet have
reasonable corrosion resistance; it may have to be able to be fabricated by a particular process such
as deep drawing, machining, or welding; it may have to be readily recyclable; and its cost and
availability may be of critical importance.

Selected from “Metals Engineering A Technical Guide”, Leonard E. Samuels, Carnes Publication Services,
Inc., 1988

New Words and Expressions

. nonmetal [non'metl] ».3EER

crystalline [ 'kristolain] a.Z5i&MER, S&RE
ambient ['ambient] a.;n.JAEM; BEFE
ambient temperature EiR, FERE

opaque [ou'peik] a. RN ZEHHH

ductile ['daktail] o.FE#H, ZTEH, ATHEEK
deformation [di:fo:'meifon] =n.%EJE

crystallinity [kristo'liniti] ». (&) Mtk, &R E
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9. constituent [kon'stitjuent] a.; n. HEH, HWRH; B, 492
10. dimensional [dai'menfonsl] a.K(ZE)EN, M

11. orientation [orien'teifon] =z .EM, ENLL, HEFIF |

12. grain [grein] ».J0OR, &%

13. grain boundary && #

14. ubiquitous [ju:'bikwites] a.ZLAFER, TBEBHELEN

15. cast irons %4k

16. corrosion [ka'rouzan] »./BHh

17. esoteric [esou'terik] o .BHHK, BBK

18. fabricate ['feebrikeit] wvr. &I

Notes

OSEXEEFN: ‘BEANENEPFEXAEREFRFENEEE AN X EFE FHEXBEY
AT MR X associated with EBE “5o HER" |

Q@ BHFREX: “FIBAAZEFTHNARAFELEREIRNFTTH ALK, REL LK
REFHHBERFTBHAHHEBREFHTEHNBLK",

@ SEFEN: “GREKRXHFE-FEN, AREHEFESMERN G =RHEIF, 6
HBUTF=HELBRTBROMA L, KON EREREAH as if 3/ FHMNAERKBRIER
I

@BEREX: “BAEMRNBERAMMATIEEXERZW, REEXERL WRES,
ERAECHEAMEERBE T, Suffice it to say that, BE K. “ (HE) #-.--- MBET",

Exercises

1. Answer the following questions according to the text.
D How many basic elements are classified as metal?
@ What is a crystalline solid?
@ Which metallic elements are produced and used in large quantities in engineering practice?
@ What requirements are met before an alloy will survive in engineering practice?
2. Translate the 6 paragraph into Chinese.
3. Put the following into Chinese.
aluminum copper nicked titanium structural strength deep drawing
4. Put the following into English.
7 L h 4 13 gH ;T 35" PR
5. Put the following sentences into English.
O &RANEESHMAEZR —BRRERE
© BpfEBX & RAT LUE ok, TRIFIIXN EH AR HBNE,
@ESVHEANERAIRE, IREXBRIPRAEIRERFRBESHMFER.



Reading Material 1

Stainless Steels

Stainless steels do not rust in the atmosphere as most other steels do. The term “stainless”
implies a resistance to staining, rusting, and biting in the air, moist and polluted as it is, and
generally defines a chromium content in excess of 11% but less than 30% . And the fact that the
stuff is “steel” means that the base is iron.

Stainless steels have room-temperature yield strengths that range from 205 MPa (30 ksi) to
more than 1725 MPa (250 ksi). Operating temperatures around 750 °C (1400 °F) are common,
and in some applications temperatures as high as 1090 °C (2000 °F) are reached. At the other ex-
treme of temperature some stainless steels maintain their toughness down to temperatures ap-
proaching absolute zero.

With specific restrictions in certain types, the stainless steels can be shaped and fabricated in
conventional ways. They can be produced and used in the as-cast condition; shapes can be pro-
duced by powder-metallurgy techniques; cast ingots can be rolled or forged (and this accounts for
the greatest tonnage by far). The rolled product can be drawn, bent, extruded, or spun. Stain-
less steel can be further shaped by machining, and it can be joined by soldering, brazing, and
welding. It can be used as an integral cladding on plain carbon or low alloy steels.

The generic term “stainless steel” covers scores of standard compositions as well as variations
bearing company trade names and special alloys made for particular applications. Stainless steels
vary in their composition from a fairly stmple alloy of, essentially, iron with 11% chromium, to
complex alloys that include 30% chromium, substantial quantities of nickel, and half a dozen oth-
er effective elements. At the high-chromium, high-nickel end of the range they merge into other
groups of heat-resisting alloys, and one has to be arbitrary about a cutoff point. If the alloy con-
tent is so high that the iron content is about half, however, the alloy falls outside the stainless
family. Even with these imposed restrictions on composition, the range is great, and naturally,
the properties that affect fabrication and use vary enormously. It is obviously not enough to speci-
fy simply a “stainless steel”.

The various specifying bodies categorize stainless steels according to chemical composition and
other properties. For example, the American Iron and Steel Institute (AISI) lists more than 40
approved wrought stainless steel compositions; the American Society for Testing and Materials
(ASTM) calls for specifications that may conform to AISI compositions but additionally require
certain mechanical properties and dimensional tolerances; the Alloy Casting Institute (ACI) speci-
fies compositions for cast stainless steels within the categories of corrosion-and heat-resisting
alloys; the Society of Automotive Engineers (SAE) has adopted AISI and ACI compositional
specifications.  Military  specificaton MIL-HDBK-5 lists design values. In addition,
manufacturers’ specifications are used for special purposes or for proprietary alloys. Federal and

military specifications and manufacturers’ specifications are laid down for special purposes and



sometimes acquire a general acceptance.

However, all the stainless steels, whatever specifications they conform to, can be conve-
niently classified into six major classes that represent three distinct types of alloy constitution, or
structure. These classes are ferritic, martensitic, austenitic, manganese-substituted austenitic,
duplex austenitic-ferritic, and precipitation-hardening.

Ferritic Stainless steel is so named because the crystal structure of the steel is the same as that
of iron at room temperature. The alloys in the class are magnetic at room temperature and up to
their Curie temperature [ about 750 °C ( 1400 °F)]. Common alloys in the ferritic class contain
between 11% and 29 % chromium, no nickel, and very little carbon in the wrought condition.
The 11% ferritic chromium steels, which provide fair corrosion resistance and good fabrication at
low cost, have gained wide acceptance in automotive exhaust systems, containers, and other func-
tional applications. The intermediate chromium alloys, with 16% ~17 % chromium, are used pri-
marily as automotive trim and cooking utensils, always in light gages, their use somewhat re-
stricted by welding problems. The high-chromium steels, with 18% to 29% chromium content,
have been used increasingly in applications requiring a high resistance to oxidation and, especially,
to corrosion. These alloys contain either aluminum or molybdenum and have a very low carbon
content.

The high-temperature form of iron (between 910°C and 1400 °C, or 1670°F and 2550 °F) is
known as austenite (Strictly speaking the term austenite also implies carbon in solid solution).
The structure is nonmagnetic and can be retained at room temperature by appropriate alloying.
The most common austenite retainer is nickel. Hence, the traditional and familiar austenitic stain-
less steels have a composition that contains sufficient chromium to offer corrosion resistance, to-
gether with nickel to ensure austenite at room temperature and below. The basic austenitic com-
position is the familiar 18 % chromium, 8% nickel alloy. Both chromium and nickel contents can
be increased to improve corrosion resistance, and additional elements (most commonly molybde-
num) can be added to further enhance corrosion resistance. .

The justification for selecting stainless steel is corrosion and oxidation resistance. Stainless
steels possess, however, other outstanding properties that in combination with corrosion resis-
tance contribute to their selection. These are the ability to develop very high strength through
heat treatment or cold working; weldability; formability; and in the case of austenitic steels, low
magnetic permeability and cutstanding cryogenic mechanical properties.

The choice of a material is not simply based on a single requirement, however, even though
a specific condition (for example, corrosion service) may narrow the range of possibilities. For in-
stance, in the choice of stainless steel for railroad cars, while corrosion resistance is one determin-
ing factor, strength is particularly significant. The higher price of stainless steel compared with
plain carbon steel is moderated by the fact that the stainless has about twice the allowable design
strength. This not only cuts the amount of steel purchased, but by reducing the dead weight of
the vehicle, raises the load that can be hauled. The same sort of reasoning is even more critical in
aircraft and space vehicles.

But weight saving alone may be accomplished by other materials, for examples, the high-



strength low-alloy steels in rolling stock and titanium alloys in aircraft. Thus, the selection of a
material involves a careful appraisal of all service requirements as well as a consideration of the
ways in which the required parts can be made. It would be foolish to select material on the basis
of its predicted performance if the required shape could be produced only with such difficulty that
cost skyrocketed.

The applicability of stainless steels may be limited by some specific factor, for example, an
embrittlement problem or susceptibility to a particular corrosive environment. In general terms,
the obvious limitations are; '

@ In chloride environments susceptibility to pitting or stress-corrosion cracking requires
careful appraisal. One cannot blindly assume that a stainless steel of some sort will do. In fact, it
is possible that no stainless will serve.

@ The temperature of satisfactory operation depends on the load to be supported, the time of
its application, and the atmosphere. However, to offer a round number for the sake of marking a
limit, we suggest a maximum temperature of 870 ‘C (1600 "F). Common stainless steels can be
used for short times above this temperature, or for extended periods if the load is only a few thou-
sand pounds per square inch. But if the loads or the operating periods are great, then more exotic
alloys are called for.

Selected from “Stainless Steel”, R. A. Lula, American Society for Metals, 1986 .

New Words and Expressions

as-cast [axz'kast] a.HFEHH

powder-metallurgy ['paudome'tzelodzi] n.MEKIGE%
cast ingots [ ka:st ingat] . HEE

roll [roul] w».%L%l

tonnage ["tAnidg] n. (B Wi

extrude [eks'trud] v.HfHE

spin [spin] wv.BEIE

solder ['soldds] wz.4F1R

. braze [breiz] ot.H8

10. cladding ['kledig] ».GE,Wi
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11. wrought [roit] a.W[#H

12. ferritic [fo'ritik] a.EREHEH

13. martensitic [ma:'tenzaitik] a. K&K

14. austenitic [o:sto'nitik] a.RK&EKK

15. oxidation [oksi'deifon] n.%H1{k

16. cryogenic ['kraiodzenik] «.{RIERH), B¥H



Unit 2 Polymer and Composites

Polymers and polymer composites are used in many different forms, ranging from synthetics
through to structural composites in the construction industry and to the high technology compos-
ites of the aerospace and space satellite industries® .

Plastics are generally considered to be a relatively recent development. In fact, they are
members of the much larger family of polymers.

Polymers are the products of combining a large number of small molecular units called
monomers by the chemical process known as polymerization (which is the process by which
molecules or groups of atoms are joined together)} to form long-chain molecules. Natural materials
such as bitumen, rubber and cellulose have this type of structure. There are two main types of
polymerization. In the first type, a substance consisting of a series of long-chain polymerized
molecules, called thermoplastics, is produced. All the chains of the molecules are separate and can
slide over one another. In the second type, the chains become cross-linked so that a solid material
is produced which cannot be softened and which will not flow. Such solids are called thermoset-
ting polymers. These two groups classify polymer materials.

Polymers are usually made in one of two polymerization processes. In condensation polymer-
ization the linking of molecules creates by-products, usually water, nitrogen or hydrogen gas. In
addition polymerization no by-products are created.

The final property of the plastics material will be determined by the type of additive mixed
with the pure polymer. Additives may be simply fillers or extenders designed to reduce the quanti-
ty of polymers used or to toughen the product. Pigments or stabilizers can be added to provide
colouring for the material or to reduce degradation, and plasticizers are incorporated to alter the
characteristics of the polymers. The glossary outlines the purpose of the main additives used with
polymers® .

Thermoplastic polymers consist of linear molecules which are not interconnected. The chemi-
cal valency bond along the chain is extremely strong, but the forces of attraction between the ad-
jacent chains are weak. Because of their unconnected chain structure, thermoplastics may be re-
peatedly softened and hardened by heating and cooling respectively; with each repeated cycle,
however, the material tends to become more brittle.

The thermosetting polymer is formed by a chemical reaction. In the first stage, a substance
consisting of a series of long-chain polymerized molecules, similar to those present in thermoplas-
tics, is produced. In the second stage of the process, the chains become cross-linked; this reaction
can take place either at room temperature or under the application of heat and pressure. The re-
sultant material will not flow and cannot be softened by heating.

The mechanical properties of polymers can be greatly improved by using techniques from na-

ture. Few natural materials consist of one substance only: most are a mixture of different compo-
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nents which, when combined, produce a material with enhanced properties. Bone, for example,
achieves its lightness and strength by combining crystals of apatite with fibres of the protein colla-
gen. This combination of two or more materials is known as a composite.

Polymers are often combined with fillers and/or fibres to improve their mechanical or physi-
cal properties. The fillers usually consist of wood flour, china clay, quartz powder or other pow-
dered minerals. The filler is incorporated not only to improve the physical property of the compos-
ite but also sometimes to reduce the polymer content and hence the cost.

The use of fibres in combination with polymers enhances the latter’ s mechanical properties
for structural use. Most fibres can be used, provided there is chemical compatibility between the
two parts®.

Both thermoplastics and thermosetting polymers can be combined with fibre reinforcement.
In the past, thermoplastics have been combined mainly with short fibres but these composites
were unable to take full advantage of the fibre strength. However, users have taken advantage of
this system’ s toughness property by manufacturing a range of injection mouldings. Conversely,
the thermosetting composite system tends to be brittle, because of the cross-linking of the matrix.
Long fibres have been utilized in the composite, to take full advantage of the strength of the fibre.
This system has found application in large panels and pressure pipes and containers.

Currently, however, the traditional market areas of the thermoplastics and thermosetting
polymer composites are less well defined and both long and short fibres are being used with ther-
moplastics and thermosetting matrices.

Selected from “ Polymers and Polymer Composites in Construction”, L. C. Hollaway Thomas, Telford 1.td,
London, 1990.

New Words and Expressions

. polymer ['polima] n.ZBEY, BE&#H
composite [kam'pozit] n. &M, &, EE&HE
. monomer [ 'monams] n.HA(A T, BEY
polymerization [polimerai'zeifon] ».RE&1EH, BERM
thermoplastic [ '6ommou'pleestik]  a.; n. #EBHER ; HIBHEER
thermosetting [ 8ommou'setin] o . B4 (5E) I
thermosetting polymer # [& o4 ¥ 6
. additive ['editivl . BN

filler ['filo]l =».HWXEY, HH
. extender [iks'tends] n.HEFEHM, *hFH

. pigment ['pigment] =n.Y¥uH, BF
. stabilizer ['steibilaiza] = .F&EN]
. degradation [degra'deifon] =.iR4L, B4, £

. plasticizer ['pleestisaiza] 7. WY, X5
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15. adjacent [a'dzeisont] a.fHSBHY, BEZER

16. brittle ['britl] «.ZBEH, BEYER

17. enhance [in'hamns] .85, HR

18. quartz [kwoits] n.fH%E

19. compatibility [kempeeta'biliti] ».MEM, TRHE
20. moulding ['mouldin] ».BE),ER(E)

21. injection moulding (EB¥)ESTRE

22. matrix ['meitriks] .34k, ¥EE, HE

Notes

OBHEEX: “BREYNREMEAMBATHEARENTER, NERAEAYINENRN
TUVHERHBERMXMFRTIVOENEESHRTEERN (WA A range
from-+-through to-, B¥ “SAZEM - B - HBEZH

@SEFN: “tRAFMRETHTEAHHBEIERMAMIER", glossary M4k 7T
AL THRMAER, i with &3R8 “1H” HER,

OSHERY: “RE_EZRFAAFHENE, ZHAFEHAFER", AL provided &%
W, BRREH/ENHE that, that BHHE, 51 F—MRENT, fF “RE” #&,

Exercises

1. After reading the text above, write a summary of it.
2. Answer the following questions, according to the text.
(D What kind of materials are polymers?
@ Which two main types are there in the family of polymer?
® Why do we add various additives to polymers?
@ Compare with the polymers, what advantages do the composites have?
3. Translate the 3™ paragraph into Chinese.
4. Put the following into Chinese, by reference to the text.
long-chain cross-linked condensation by-product chemical valency compo-
nent china clay toughness
5. Put the following into English.
: : REORLN HR HE =t ) PLE B HE oo M  EAHEE
6. Put the following sentences into English.
O BB MR EEEN TS HEHRESSHLINME,
@ BHEH M BRAEBBIRTMARARSYHRMAMFHRE,
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Reading Material 2

Ceramics

Ceramic materials are manufactured from clay compositions by moulding and subsequent
burning, an intermediate drying of freshly moulded items being a frequent practice.

Universality of properties, a wide range of products, high strength, durability and reason-
able cost of ceramic items underlie their wide use in the most various subassemblies of buildings
and installations, such as walls, heating units, wall and floor facing materials, sewer pipes, lining
materials for chemical industry apparatus and light porous aggregates for prefabricated reinforced
concrete items.

Ceramic materials are manufactured from various clayey rocks. Workability of clays is im-
proved and the manufactured items are given required physical and chemical properties by blending
clays with quartz sand, chamotte (refractory clay burned at 1000 ~1400°C and crushed), slag,
sawdust, pulverized coal.

According to one of the definitions, clay is an earthen mineral mass or fragmentary rock ca-
pable of mixing with water and forming a plastic viscous mass, which on drying retains the shape
it was given and after burning acquires the strength of stone.

Burning is a process which takes place when the temperature is raised above the 800 °C
mark; in the process, the easy-fusing clay components melt, spread out and envelop particles that
are still solid; when cooled, the molten mass solidifies and cements the particles. Burning of clay
transforms it into stone. The partial melting of clay and the action of surface tension of the molten
mass bring the particles closer together and cause a reduction in its volume, the phenomenon being
known as the “fire shrinkage”. If the temperature is raised still further, the clay melts.

Despite the wide range of ceramic items, the great variety of their shapes and of the physical
and mechanical properties of raw materials, the basic production steps are common to all the items
and involve the following operations: mining of raw materials; preparation of raw paste; mould-
ing of items; drying; burning of items; finishing of items (trimming, glazing, etc.) and pack-
ing.

Plants for manufacturing ceramic materials are generally built near deposits of clay, and the
quarry is an intrinsic part of such a plant. Raw materials are quarried by the open pit method with
the aid of power shovels, and are transported to the plant in dump trucks or cars and by belt con-
veyors when the quarry is near the plant.

Preparation of raw materials involves disintegration of clay’s natural structure, removal or
grinding of large inclusions, mixing the clay with admixtures and water until a readily mouldable
mass is obtained.

Depending on the properties of raw materials and on the kind of items produced, ceramic
mass is prepared by the stiff-mud, soft-mud and slip casting methods.

In the stiff-mud method, clay is first crushed and dried, then ground and moulded at a mois-



