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Part 1 Fundamentals of Manufacturing

Part1 Fundamentals of Manufacturing
R

Unit 1 Classification of Materials

Materials may be grouped in several ways. Scientists often
classify materials by there state: solid, liquid, or gas. They
also separate them into organic (once living) and inorganic (never
living) materials. For industrial purposes, materials ale divided |
into engineering materials or nonengineering materials. Engineering
materials are those used in manufacture and become parts of;
products. Nonengineering materials are the chemicals, fuels, |
lubricants, and other materials used in the manufacturing process |
which do not become part of the product. |

Engineering materials may be classified into four groups:
metals, ceramics, polymers, and composite materials.

1.Metals

Metals are generally defined as those elements whose hydroxides |

form bases (such as sodium or potassium). Metals may exist as pure |

elements. When two or more metallic elements are combined, they |
form a mixture called an alloy.
The term alloy is used to identify any metallic system.

In metallurgy, it is a substance with metallic properties, that is

composed of two or more elements, intimately mixed. Of these |
elements, one must be a metal. Plain carbon steel, in the sense, |
is basically an alloy of iron and carbon. Other elements are present in
the form of impurities. However, for commercial purposes, plain |

carbon steel is not classified as an alloy steel.
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Metals and alloys, which include steel, aluminum,

#5302  magnesium, zine, cast iron, titanium, copper, nickel, and

many others, have the general characteristics of good electrical and
thermal conductivity, relatively high strength, high stiffness,
ductility or formability, and shock resistance. They are particularly
useful for structural or load-bearing applications. Although pure
metals are occasionally used, alloys are normally designed to pfovide
improvement in a particular desirable property or permit better
combinations of properties.

2.Ceramics

Ceramics, such as brick, glass, tableware, insulators, and
abrasives, have poor electrical and thermal conductivity. Although
ceramics may have good strength and hardness, their ductility,

formability, and shock resistance are poor. Consequently, ceramics are

less often used for structural or load-bearing applications than metals'".

However, many ceramics have excellent resistance to high temperatures

and certain corrosive media and have a number of unusual and desirable

| optical, electrical, and thermal properties.

3.Polymers

Polymers include rubber, plastics, and many types of

adhesives. They are produced by creating large molecular structures

from organic moleculars, obtained from petroleum or agricultural

!, Polymers have

poor electrical and thermal conductivity, low strengths, and are not
suitable for use at high temperatures. Some polymers have excellent
ductility, formability, and shock resistance while others have the
opposite properties. Polymers are lightweight and frequently have

excellent resistance to corrosion.
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4.Composite Materials

Composite materials are formed from two or more materials,

Eic

whose properties cannot be obtained by any single material®.

Concrete, plywood, and fiberglass are typical, although crude, ’
examples of composite materials. With composite materials, we can |
produce lightweight, strong, ductile, high heat-resistant materials
that are otherwise unobtainable, or produce hard yet shock resistant

cutting tools that would otherwise shatter.

ﬂf, New Words and Phrases :ZE

lubricant ['lu:brikent] n. WE¥EH]

ceramic [sa'reemik] n. PE¥, PE®H &

polymer ['polima(r)] n. BEY

composite ['kompezit] adj. WK, &K, IBREY
sodium ['seudiem] n. @4

Potassium [po'teesiom] n. #f

zinc [zink] n. #F

castiron FHEk

titanium [ tai'teiniom] n. %k

nickel ['nikl] n. %

stiffness [ stifnos] n. RHEE, NI

ductility [dak'tiliti] ». #, WJ4E @M

formability [fo:me'biliti] n. AJ R
shockresistance [ [Jokri'sistens] n. Hrapditk
load-bearing 7K #} ‘
tableware ['teiblwea(r)] n. &H

abrasive [a'breisiv] n. #FEEFR, BERHHE): adi. BFEK
thermal conductivity ‘F#E
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adhesive [ad'hi:siv] n. ZH&57H], KT
molecular [mo'lekjolo(r)] adj. 43T
molecule ['molikju:l] n. 43¥
polymerization ['polimerai'zeifn] n. ®&
corrosion [ke'reuzn] n. JEh

plywood ['plaiwud] n. It

fiberglass ['faibogla:s] n. BFEELF4E
crude [kru:d] adj. KIRH), REMTH
heat-resistant material i #2444 %t
shatter['[seto(r)] v. 38, WK

be used for:-- FHFeeee-
be formed from+=+ Hy-eeee- ZH R,
Notes

[ 1] Consequently, ceramics are less often used for structural or
load-bearing applications than metals.
M, SRR, BRI TSRS
less---than=not so**ras  H-=++++ 4
be used for--- fTFeeeee- 5]
5 4n: A hammer is used for driving in nails.
[2] They are produced by creating large molecular structures
' from organic molecules, obtained from petroleum or agricultural
| products, in a process known as polymerization.
BNk A A ek 5 AL R AR E R
O TES T AR .
[3] Composite materials are formed from two or more

- materials, whose properties cannot be obtained by any single

| material.

AR PR BRI RL, A REAE I FAE ] —Fl
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“whose properties cannot be obtained by any single material” [ oy

“whose” F8WEEZSHEL, B, %48 “composite materials” HJ |

SETE ]

Exercises

I . Answer the following questions according to the text.

a)What is metal? Try to describe it using the words in this passage |
or of your own.

b)What is polymer? Try to describe it using the words in this
passage or of your own. |

Il . Decide whether the following statements are true (T) or false |
(F) and put “T” or “F” in the brackets according to the text. )

a)Materials are classified into five groups: metals, nonmetals, |
ceramics, polymers, and composite materials. ( )

b)Metals and alloys have relatively high strength, high stiffness,
ductility or formability, but low shock resistance. ( )

c)Ceramics have poor electrical and thermal conductivity, ( )
may have high strength and hardness ( ), and have high ductility, |
formability, and shock resistance. ( )

d)Polymers are lightweight ( ) and frequently have poor

resistance to corrosion. ( )
Unit2 Metals

As we have seen, ferrous metals are alloys of iron with carbon,
these alloys may contain also some other elements such as silicon(Si),

phosphorus(P), etc., but carbon is the most important of all elements

present in ferrous alloys " .

Ferrous metals are used in industry in two general forms: cast
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ﬁﬁ"“' "~ iron and steel. These two ferrous alloys are usually produced from pig
=
%2 iron, and they have different carbon content. Steel is iron containing

from 0.0218 to 2.11 percent carbon, while cast iron is an alloy of iron

and carbon with the carbon content more than 2.11 percent 21 Pure

iron is not used in industry because it is too soft.

Steel is an alloy of iron and carbon with other elements added

~ to produce specific properties ) The various types of steel can be

grouped under two major headings:
(1)Carbon steel. Steel in which the main alloying element is
- carbon. Carbon steels are further divided into three groups.

a. Low carbon steel. This steel has a carbon content of less
than 0.30 percent. It is the most common type and is often called
mild steel. It is relatively inexpensive, ductile, soft, and is easily

- machined and forged. Mild steel cannot be heat-treated(hardened).
Low carbon steel is a general purpose steel.
b. Medium carbon steel. This steel has a carbon content between
- 0.30 percent and 0.80 percent. Harder and stronger than mild steel,
it can be hardened by heat treating. Medium carbon steel is most
- commonly used for forgings, castings, and machined parts for
automobiles, agricultural equipment, machines, and aircraft.

c. High carbon steel. This type of steel is easily heat-treated

' to produce a strong, tough part. The material has a carbon content
- above 0.80 percent. It finds wide use in hand tools, cutting tools,
springs, and piano wire.

(2)High alloy steel. These steels contain significant amounts of

- other elements in addition to carbon. The common high alloy steels
- are:

a. Stainless steel which is produced by using chromium as a
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significant alloying element along with nickel and other metals. The =~

result is a tough, hard, corrosion-resistant metal. | 230

b. Tool steel which is a special group of high carbon steels
produced in small quantities to high quality specifications. Tool steels |
are used for a wide range of cutting tools and forming dies.

c. Manganese steel which is an alloy containing 12 percent ‘,
manganese and one percent carbon. This metal is used in mining,
railroad, and construction equipment because of its high tensile
strength.

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

(1)Strength is the ability of a material to resist applied forces.
Bridge girders, elevator cables, and building beams all must have |
this property.

A material can be subjected to a number of different types of
forces. They may be tension, shear, torsion, compression, or a|
combination of these forces. Each possible force causes a material |
to respond in a different way. A material has several different
mechanical strengths. The strength depends on the force applied. |

The most common mechanical strengths are:

a. Tensile strength: the maximum tension loads a material can
withstand before fracturing. Tensile strength is the easiest strength to |
measure and, therefore, is widely used.

b. Compression strength: the ability to resist forces which tend
to squeeze the material into a new shape. It is basically the opposite of |
tensile strength. Excessive compression force will cause the material |

to rupture(buckling and splitting).
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c. Shear strength: the ability to resist fracture under shear

%0  forces. The shear force is caused by offset forces applied in opposite

directions. These forces cause the grains or molecules of the material
to slide by one another and eventually fracture.
d. Torsion strength: the ability to resist twisting forces. Forces

which exceed the torsion strength (modulus of rupture) will cause the

' material to rupture.

(2)Hardness is the resistance of a material to penetration or

scratching, it accounts for abrasion resistance as well as resistance to

 denting. Hardness is also directly related to strength. The harder a

material the stronger it is. Metallic materials are almost always harder
and stronger than polymeric materials. A number of different testers
have been designed to test the hardness of a variety of materials.

Cutting tools, files, and drills must resist abrasion, or wear. Armor

plate, crushing machinery,and metal rolls for steel mills all must resist

penetration.

(3)Elasticity is the ability to spring back to original shape. Auto
bumpers and all springs should have this quality.

As stress is applied, the material first resists permanent
deforming. This area is in the material’s elastic range. This is a range
in which the material will return to its original length when the force is
released.

Applying additional stress(force) will bring the material to its yield

point. At this point, additional strain(elongation) occurs without

additional force(stress) being applied. Strain above this point is

[4]

produced with smaller amounts of force The force also produces

permanent changes in the length of the material.

This elongation which is above the material s elastic limit (point at
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which the material will not return to its original length) is called plastic =~
—_— hEE
eformation. Zip

(4) Ductility is the plastic flow characteristic of a material under

normal temperature. The higher the ductility of a material the greater

is its ability to be formed without fracturing. Highly ductile materials |

can be easily bent, drawn into wire, or extruded. Modern, deep-

formed auto bodies and fenders, and other stamped and formed

products must have this property. J
(5)Toughness is the ability to absorb mechanically applied 1

energy. Strength and ductility determine a material’s toughness. |

Toughness is needed in railroad cars, automobile axles, hammers,

rails, and similar products.

ﬁf' New Words and Phrases %

ferrous ['feros] adj. &#kIY

alloy ['zloil n. &4 v. &%, BHE&E
element ['eliment] n. JLEK, M4r, Juff
silicon ['siliken] n. %f

phosphorus ['fosfores] n.

industry ['indestri] n. Tk, 47k

form [form] v. JERL, MR n. 27
castiron FHFEk

pigiron A%k

content ['kontent] n. &, K
carbon content K &

pure [pjua(r)] adj. #ERYg, SEXMK, +ER
pure iron  Zfigk

carbon steel BN
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mild steel fIRHREN, HH

forge [fo:dz] v. #B1s, 1hdn. WEY, BT

spring [sprin] n. 3%, %K%, BEEK

piano wire ‘%z, WE2Z

chromium ['kreum:am] n. %%

nickel ['nikl] n. %, HMEEM

specifications [spesifi'keif/nz]n. A%, #iE, UiAAH45, HoR

B

manganese ['meengeni:z] n. %

mining ['mainin] n. K4"(lk)

tensile ['tensail] adj. FiS1#), K189

strength [stren0] n. 5RPFE, J1, s

tensile strength  FLMERAE, HIhisRE

hardness [ha:dnes] n. R#FEE, #HPE, XERE

elasticity [,i:lee'stisoti] n. #tE, 5877, 582

ductility [dak'tiliti]n. ZEREYE, ¥, TR

toughness [tafhos] n. #14, NIt

compression [kem'preSn] n. JE4E, HE, (PERHLAT) S o
&3

compression strength 4555 &

buckling ['baklin] n. JEH, Herh

shear [[ia(r)] n. BYYI, ¥IAF, B3 v. BI(EEE)

shear strength By ]9 i

offset ['ofset] n. fW#s, MR v. HKH, #Mz

grains [greinz] n. &k, FEEPRLE

molecule ['molikju:l] n. 4+, NGk, R

torsion ['to: Jnl n. %%, ¥4

torsion strength  FH %555 &



