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Charpter One Materials and Mechanical Elements

Lesson 1 Introduction for Materials

Designers and engineers are usually more interested in the behavior of materials under load or when
in a magnetic field than in why they behave as they do. Yet the better one understands the nature of mate-
rials and the reasons for their physical and mechanical properties the more quickly and wisely will he/she
be able to choose the proper material for a given design. Generally, a material property is the measured
magnitude of its response to a standard test performed according to a standard procedure in a given envi-
ronment® . In engineering materials the loads are mechanical or physical in nature and the properties are
recorded in handbooks or, for new materials, are made available by the supplier. Frequently such informa-
tion is tabulated for Toom-temperature conditions only, so when the actual service conditions are at sub-
freezing or elevated temperatures, more information is needed.

The properties of materials are sometimes referred to as structure sensitive, as compared to structure
— insensitive properties. In this case structure-insensitive properties include the traditional physical prop-
erties: electrical and thermal conductivity, specific heat, density, and magnetic and optical properties. The
structure-sensitive properties include the tensile and yield strength, hardness, and impact, creep, and fa-
tigue resistance. It is recognized that some sources maintain that hardness is not a true mechanical proper-
ty, because it varies somewhat with the characteristics of the indentor and therefore is a technological test.
It is well known that other mechanical properties vary significantly with rate of loading, temperature , geom-
etry of notch in impact testing, and the size and geometry of the test specimen. In that sense all mechanical
tests of material properties are technological tests. Furthermore, since reported test values of materials
properties are statistical averages,a commercial material frequently has a tolerance band of + 5 percent or
more deviation from a given published value.

In the solid state, materials can be classified as metals, polymers, ceramics, and composites. Any par-
ticular material can be described by its behavior when subjected to extemnal conditions. Thus, when it is
loaded under known conditions of direction, magnitude, rate, and environment, the resulting responses are
called mechanical properties. There are many possible complex interrelationships among the intemal struc-
ture of a material and its service performance. Mechanical properties such as vield strength, impact
strength, hardness, creep, and fatigue resistance are strongly structure-sensitive, i. e. , they depend upon
the arrangement of the atoms in the ciystal lattice and on any imperfections in that arrangement, whereas
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the physical properties are less strucure-sensitive® . These include electrical , thermal , magnetic, and opti-
cal properties and do depend in part upon structure; for example, the resistivity of a metal increases with
the amount of cold work . Physical properties depend primarily upon the relative excess or deficiency of the
electrons that establish structural bonds and upon their availability and mobility . Between the conductors
with high electron mobility and the insulators with no free electrons, precise control of the atomic architec-
ture has created semiconductors that can have a planned modification of their electron mobility . Similarly,
advances in solid-state optics have led to the development of the stimulated emission of electromagnetic
energy in the microwave spectrum (masers) and in the visible spectrum(lasers)® .

In studying the general structure of materials, one may consider three groupings: first, atomic struc-
ture, electronic configuration, bonding forces, and the arrangement of the aggregations of atoms; second , the
physical aspect of materials, including properties such as electrical and themal conductivity, specific
heat,and magnetism; and third, their macroscopic properties, such as their mechanical behavior under
load, which can be explained in terms of impurities and imperfections in the lattice structure and the pro-
cedures used to modify that behavior.

New Words
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Notes

1.Generally, a material property is *** in a given environment.
EE R R R BRI ARG T i BALE R AT AR B B IR 1B O L
acoording to *** Al in a given environment EAEEIE K pedormed FFHF ARG, '
2, Mechanical properties such as yield strength, **- are less structure-sensitive .,

SRR, shily B, BE R TUR R BE R DU SR SR RE MO S M B 2238, BN E T TBRR T4
s RF B HEP R 7 P A BRBG , TP B RE RO S5 BUBRME R

3. maser = microwave amplification by stimulated emission of radiation ¥ 4 .

Free Reading
1 Physical Properties of Materials

In the selection of materials for industrial applications, many engineers normally refer to their average
macroscopic properties, as determined by engineering tests, and are seldom concemed with microscopic
considerations . Others, because of their specialty or the nature of their positions, have to deal with micro-
scopic properties.

The average properties of materials are those involving matter in bulk with its flaws, variations in
composition, and variations in density that are causd by manufacturing fluctuations. Microscopic properties
pertain to atoms, molecules, and their interactions . These aspects of materials are studied for their direct
applicability to industrial problems and also so that possible properties in the development of new materi-
als can be estimated. _

In order not to become confused by apparently contradictory concepts when dealing with the relation-
ships between the microscopic aspects of matter and the averagé properties of materials, it is wise to con-
sider the principles that account for the nature of matter at the different levels of our awareness. These lev-
els are the commonplace, the extremely small, and the extremely large. The commonplace level deals with
the average properties already mentioned, and the principles involved are those set forth by classical
physics. The realm of the extremely small is largely explained by means of quantum mechanics, whereas
that of the extremely large is dealt with by relativity.

Relativity is concerned with very large masses, such as planets or stars,and large velocities that may
approach the velocity of light. It is also applicable to smaller masses, ranging down to subatomic particles,
when they move at high velocities. Relativity has a definite place in the tool boxes of nuclear engineers
and electrical engineers who deal with particle accelerators. For production engineers, relativity is of only

academic interest and is mentioned here for the sake of completeness.

2 Mechanical Properties of Materials

Once the important physical properties of a material have been established, mechanical properties
such as yield swrength and hardness must be considered. Mechanical properties are structure-sensitive in
the sense that they depend upon the type of crystal structure and its bonding forces, and especially upon
the nature and behavior of the imperfections that exist within the crystal itself or at the grain boundaries.
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An important characteristic that distinguishes metals from other materials is their ductility and ability
to be deformed plastically without loss in strength. In design,5 to 15 percent elongation provides the ca-
pacity to withstand sudden dynamic overloads. In order to accommodate such loads without failure, materi-
als need dynamic toughness, high moduli of elasticity, and the ability to dissipate energy by substantial
plastic deformation prior to fracture.

To predict the behavior of a material under load, engineers require reliable data on the mechanical
properties of materials. Handbook data is available for the average properties of common alloys at 68°F . In
design, the most frequently needed data are tensile yield strength, hardness, modulus of elasticity, and
yield strengths at temperatures other than 68°F . Designers less frequently use resistance to creep, notch
sensitivity,, impact strength, and fatigne strength . Suppliers’ catalogs frequently give more recent or com-
plete data.

Production-engineering data that is seldom found in handbooks include strength-to-weight ratios , cost
per unit volume, and resistance to specific service environments .

A brief review of the major mechanical properties and their significance to design is included to en-
sure that the reader is familiar with the important aspects of each test.

3 Selecting Materials

An ever-increasing variety of materials is available, each having its own characteristics, applications,
advantages, and limitations. The following are the general types of materials used in manufacturing today:

«Irons and steels (carbon, alloy, stainless, and tool and die steels) .

*Nonferrous metals and alloys (aluminum, magnesium, copper, nickel, titanium, superalloys , refracto-
1y metals, beryllium, zirconium , low-melting alloys,and precious metals) .

- Plastics ( thermoplastics , thermosets, and elastomers) .

- Ceramics, glass ceramics, glasses, graphite, and diamond.

- Composite materials (reinforced plastics, metal-matrix and ceramic-matrix composites, and honey-
comb structures) .

1) Properties of materials

When selecting materials for products, we first consider their mechnical properties: strength, tough-
ness, ductility , hardness, elasticity , fatigue , and creep. The strength-to-weight and stiffness-to-weight ratios
of material are also important, particularly for aerospace and automotive applications. Aluminum, titanium,
and reinforced plastics, for example, have higher ratios than steels and cast irons.The mechanical proper-
ties specified for a product and its components should of course be for the conditions under which the
product is expected to function. We then consider the physical properties of density, specific heat, thermal
expansion and conductivity , melting point, and electrical and magnetic properties.

Chemical properties also play a significant role in hostile as well as normal environments . Oxidation,
corrosion , general degradation of properties, toxicity , and flammability of materials are among the important
factors to be considered. In some commercial airline disasters, for example, many deaths have been caused
by toxic fumes from buming nonmetallic materials in the aircraft cabin.

Menufacturing properties of materials determine whether they can be cast formed , machined, welded,
and heat treated with relative ease . The method(s) used to process materials to the desired shapes can ad-
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versely affect the product’s final properties and service life.

2) Availability and cost

Availability and cost of raw and processed materials and manufactrued components are major con-
cems in manufacturing. Competitively, the economic aspects of material selection are as important as the
technological considerations of properties and characteristics of materials.

H raw or processéd materials or manufactured components are not available in the desired quantities,
shapes, and dimensions, substitutes and/or additional processing will be required, which can contribute
significantly to product cost.For example, if we need a round bar of a certain diameter and it is not avail-
able in standard form, then we have to purchase a larger rod and reduce its diameter by some means, such
as machining, drawing through a die, or grinding.

Reliability of supply,as well as demand, affects cost. Most countries import numerous raw materials
that are essential for production. Note the reliance of the United States on imported raw materials. The
broad political implications of such reliance on other countries is self-evident.

Different costs are involved in processing materials by different methods. Some methods require ex-
pensive machinery, others require extensive labor, and still others require personnel with special skills or a
high level of education or specialized training.

3) Appearance, service life,and disposal

The appearance of materials after they have been manufactured into products influences their appeal
to the consumer. Color, feel, and surface texture are characteristics that we all consider when making a de-
cision about purchasing a product.

Time and service-dependent phenomena such as wear, fatigue, creep, and dimensional stability are
important . These phenomena can significantly affecct a product’ s performance and, if not controlled, can
lead to total failure of the product.

Similarly, compatibility of materials used in a product is important. Friction and wear, comvsion, and
other phenomena can shorten a product’s life or cause it to fail. An example is galvanic action between
mating parts made of dissimilar metals, which corrodes the parts.

Recycling or proper disposal of materials at the end of their useful service lives has become increas-
ingly important in an age conscious of maintaining a clean and healthy environment . Note, for example , the
use of biodegradable packaging matrials or recyclable glass bottles and aluminum beverage cans. The prop-
er disposal of toxic wastes and materials is also a crucial consideration.



Lesson 2 Steels

- Steel is one of the most valuable metals known to man; approximately 200 million tons can be pro-
duced in the United States annually . In 1900, US capacity was but 21 million tons. Although the process of
steelmaking is familar to most engineers, a review of this process would be appropriate at this time.

Iron ore, limestone, and coal are the principal raw materials used in making iron and steel. Coke is
produced by heating bituminous coal in special ovens.Skip cars go up the skip hoist with loads of iron
ore, coke , and limestone and dump them into the top of the blast furnace . Hot air from the stove is blown
into the fumace near the bottom. This causes the coke to bum at temperatures up to 3 000°F. The ore is
changed into drops of molten iron that settle to the bottom of the blast furnace. The limestone that has
been added joins with impurities to form a slag that floats on top of the pool of liquid iron. Periodically
(appraximately every 6 hours) , the molten iron is drained into a ladle for transporting to either the Besse-
mer converter, electric fumace or open-hearth furnace . The slag is removed separately so as not to contam-
inate the iron. ' ,

The making of steel from iron involves a further removal of impurities . Regardless of which process is
used for making steel-open-hearth,, Bessemer-converter, or electric-furnace-steel scrap is added along with
desired alloying elements and the impurities are bumed out.

Liquid steel removed from the furnace is poured into ingot molds. The ingots are then removed to
“soaking pits” where they are brought to a uniform rolling temperature.

At the rolling mill, the white-hot steel passes through rolls that form the plastic steel into the desired
shape : blooms,, slabs , or billets. These three semifinished shapes then go to the finishing mills where they
are rolled into finished forms as structural steel, plates and sheets, rods, and pipes.

Steel is the basic and most valuable material used in apparatus manufactured today . Its application is
based on years of engineering experience , which serves as a guide in choosing a particular type of steel.
Each variable, such as alloy, heat treatment, and processes of fabrication ( casting, forging, and welding)
has its influence on the strength, ductility, machinability, and other mechanical properties, and affects the
type of steel selected . The following basic concepts also assist in determining which steel should be used:

1.The modulus of elasticity in tension falls within the range of 28 x 10f to 30 x 10° 1b/in’. , regard-
less of composition or form; therefore , sizes as determined by deflection remain the same regardless of the
steel chosen® .

2. Carbon content determines the maximum hardness of steel regardless of alloy content. Therefore,
the strength desired, which is proportional to hardness, can determine the carbon content.

3. The ability of the steel to be uniformly hardened throughout its volume depends on the amount and
kind of alloy. This is more complex, but does not necessarily change the calculation of the size of the part.

4. Ductility decreases as hardness increases.

The preliminary choice of steel for a part as well as for other factors, such as notch sensitivity,
shrinkage , blowholes, corresion, and wear, is simplified when based on the above principles. The final se-
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lection i3 made by matching the material with the process of manufacture used in order to obtain the
shape , surface , and physical requirements of the part. The selection may be made from among low-carbon
steels, low-alloy steels, high-carbon steels, and high-alloy steels.

Steel is one of the few common metals that has an endurance limit. You will recall that fatigue is the
failure of a material due to repeated loading. Most metals become tired as they are subjected to stress over
and over again.The stress a material can withstand under constant loading is much less than under static
loading. As steel is continually loaded, it will reach a lower limit of strength. This property is quite pro-
nounced in wire shapes. Common copper and aluminum wire can easily be broken by flexing the wire in a
local spot. Normally after a few dozen flexes, the wire breaks. Steel wire, however, is very tough and flexing
the wire simply cold works the material making the process futile for the unknowing person trying to break
a steel wire. At some point steel will resist weakening due to repeated loading. This is known as an “en-
durance limit” . The endurance limit of steel is around 60% of its original strength.

This property of having an endurance limit makes steel invaluable for use in structural applications
like bridges, springs, struts, beams, etc . Of course , there are many factors that effect the endurance limit of
a material . A primary factor is the surface quality of the material and/or the manufacturing process used to
produce the specimen.

Fatigue is attributable to the initial material not being an ideal homogeneous solid. In each half cy-
cle, irreversible minute strains are produced . Fatigue failure usually develops from:

1. Repeated cyclic stresses that cause incremental slip and cold working locally in the material.

2. Gradual reduction of ductility of the strain hardened areas that develop into cracks.

3. A notching effect from submicroscopic cracks.

The endurance limits of steels create some very desirable physical properties. These properties can be
detrimental to the manufacturability of the material . For instance, in the cold rolling of steel the endurance
limit creates a limitation on the amount of cold working that can be imput to any paxt@ . After this limit
has been reached the material must be heated above its critical temperature to permit further cold work-
ing.

New Words
steelmaking n. $# ductility [dak'tiliti] n. SERVE, AT R
bituminous [ bi'tju:minss] a. FWH K, modulus [ 'modjules] n. B3, RBGEBMGF.
slag [sleg] n. 308 5LB , E&TL shrinkage [ 'frigkidz] n. $4538, 4898, TUL
coke [kouk] n. g3 ; vt S5 ER blowhole [ 'blouhoul] n. 57, . BbHR , K
limestone n. A KA , K invaluable [ in'veeljuobl] a. TCHM 84, 35 % F 5160, TEAS
ladle ['leidl] n.%~), K&, BE Hri
contaminate[ kan'teemineit] vt. 53¢, FEHE, #1F strut (steat] n. JGAE, AP, 385k v 38R
scrap [ skreep] n. BEXH, V)8 s BEGR homogeneous [ homa'dsi : njos ] a. B2, M08, S48
ingot [ 'ingat] n.43E , FH4E , il =&
bloom [ blu:m] n. KB, A& ; BB irreversible [ iri'va: sabl] a. AN AT &6 A R BEEIE Y
slab [sleb] n. BIELBUE, BB, B4R submicroscopic [ 'sabmaikro'skopik] a. WK KR, ¥ 8 %
billet ['bilit] n. 45, 4 T G
fabrication [ fzebri'keifon] n. i3 , B2 M ; B4 detrimental { detri'mentl] a. F T HY , AFIH



| Phrases and Expressions
be familar to - FrE . finishing mill $$LHL

areview of X8 , DI, BE notch sensitivity 1] 18U

bituminous coal 4HX% alloy steel & &4

skip car 883+ %F, X E carbon steet 5% 51

skip hoist FHELF L3 RTHHL static loading ¥ £

blast furnace Ei{P, B XU endurance limit 37 37 1% FR

Bessemer converter Bt 4P cyclic stress 32 3F i 7]

open-hearth furnace 4P attributable to S[FE T #

alloying element & £ CE fatigue failure 3% SFHTZY , TR

soaking pit ¥, B critical temperature I 5% 1R FE
Notes

1. The modulus of elasticity in tension «*- the same regardless of the steel chosen.
LW B SEMRERI , A B9 28 % 10° & 30 x 10°1b/in® Z 6], A i, 1 EFE TR
SR B RAERA, U5 G EaRE k.
regardless of -+ 5H..530%
2. For instance, in the cold rolling of steel **that can be imput to any part.
i, R E S, R TR R T4 RME S TR,

Free Reading
1 Carbon Steel

Plain carbon steels represent the major proportion of steel production. Carbon steels have a wide di-
versity of application, including castings, forgings, tubular products, plates, sheets and strips, wire and wire
products,, structural shapes , bars, and tools. Plain carbon steels, generally, are classified in accordance with
their method of manufacture as basic open hearth, acid open hearth, or acid Bessemer steels, and by car-
bon content.

The principal factors affecting the properties of the plain carbon steels are the carbon content and the
microstructure . The microstructure is determined by the composition of the steel (carbon , manganese , sili-
con, phosphorus , and sulfur, which are always present, and residual elements including oxygen, hydrogen,
and nitrogen) and by the final rolling, forging , or heat-treating operation . However, most of the plain car-
bon steels are used without a final heat treatment and, consequently, the rolling and forging operations in-
fluence the microstructure.

Carbon steels are predominantly pearlitic in the cast, rolled, or forged conditions. The constituents of
the hypoeutectoid steels are therefore ferrite and pearlite, and of the hypereutectoid steels are cementite
and pearlite.

2 Alloy Steel

Alloy steel is an alloy of iron and carbon containing alloying elements, one or more of which exceeds
8



