Science English Readings (Mechanical Engineering)

® KT % sfm.wn.ﬁ
@ KT BKE




S5
{ !/
32/
Z

FE OIE R OIE
(N )

Science English
Readings

(Mechanical Engineering )

AEBHE HR

Pl

il



(R)1125

RERE

CHEIEFZ (LR )Y RRBEX B ZRMEMC K FXEHREAHNE LA
FHXFLEER BN ERTESHILRA S WP RIER S, FERBTTX
#XIEWMR R (CET)E LM .

FHy 15 MK, F-RTARE A.B.CERBX. SRR ZENRES MR
CUERBEARRE HIOSE I . BRMALKIIEER.

Cwifle

% iF A%
GUR%)
ER% FEBT

A
XFE  BEAH bl

*
REEE N AR
FAEBE SRR R TR T
At 5 i T Ep R ) B g
L 3
FAE 850x 1168 1/32 ENk 6.75 F%H 210000
199447 ) S50 B 199447 J) 551 K ENR
10001 —5 040
ISBN7-04-004929—5/H + 502
E# 5.75 &



T

]

ERHAZREGCAEXERFARNEIRAN FAXE
EEN BN ERAE T AENBNEFENRER RS
AREAXE LA BRI, ERFEEBRLIRGERS
EHREURBATRABRAXLC LT ENGELE . RELRAM
&, BINEFRNEEL L ERTRENERBT —EHNE S
FRE, AANEN L ERFIATHERH AN T4t . EFA
TUHANE TR T EREBFLEHIE, ZFREERAX
AN FRELHEEBER, FTHEEAXARTLEEX

ATREAHHHERE, RNKRTRELA LB AME
W AE, BEEHFARETYL, BEAXET LN TR,
BRI . A F BT R B R SO R B F A% KA
BB ERE AR A EHERT RN, L EH Y EH
HEMBALHM, RirgR: BT EAR, XFERT, REE
@, EHEEE AR EEES RN ZE JAFE LA RME
HAH AR EY, Rl A kY . PARBRAR A RRXP, A
BA UM, BB XEN, AARERER, CARFEAR
EAEANBRERESRYE, REFETY AZAX T LPRNE,
A% o FE ORI W A, UMK A B
HITREL WHHRE .

LR IS BT BEHPENETARHHRER, KL 4
NERE EIMBHERBEENCABENER, w0 IREE, T
I¥REREE N — R, E—ETAXAEAEA.B.C=
BRX . AR BRAZEHRANE BRETEHFH S THATHE
FRATREFED  WRAXKR AN T L ETREE S TA
AHMNELALR, BLRBARPBREALE . CRTHR LR

1



EAENEER., AHTHT0¥WHER .

AEEERXLEREAMNREA N EERE NS TA,
AUHBREAERAAEE . RELEITAALEIRERXT
8 A NI R F R, L E TR .

AEMBRAENREIASNHRRAR ERHFE ¥4
BT RBR M, AN ALE—HAMETFHRH BT
& UEMBXNETS FREE EXHE, $REAN
., XEZEMEEATEIHR L ERBMBEEE, ¥4 5
FES, A, AANREMERTEEL B IEHMAWEER,
AU ERT . '

SimA R HELANRRE : RER. kK R REX.
O, HE% NBA FEE BE B BEE X
R RERE . RAR KARBERERF . B2, B
MR R WE .

¥ 2
1993412 A FibmE L k%



Unit One

CONTENTS

Text A : What is Manufacturing?
Text B: The Production Turn and Types
Text C:Moving Heavy Loads

Unit Two ...........................................................................

"Text A:Computer- Integrated Manufacturing
Text B : Production Quality
Text C: Pulleys and Gears
Unit Three
Text A : Robots in Manufacturing Industry
Text B: Blue Collar Robots
Text C: History of Automobiles

A:
B:
C:

Text
Text
Text

...................................................................

Basic Machining
Progress in Metal Cutting and Machine Tools
Machines for Lifting

Unit Five «oocvereereeiincniiiinine.

Text
Text
Text
Unit Six
Text
Text
Text

A
B:
C

A:

B

C:

Unit Seven
Text A: Automobile and Culture
Text B : Automobile and Art
Text C: Modern Artillery

Unit Eight

: Fundametals of Manufacturing Accuracy
Measurement Standards
: History of Artillery

Principles of Newtonian Mechanics
: The Theory of Relativity
Locomotives

Text A : Fossil Fuel and Car Design

37

- 52

.7

- 8



Text B:

Text C: Carts, Coaches and Carriages
UNit NI e svevrreeraeeanannntreareeseeenuissesonenacosenessssasssteoneassesssssas
Text A : Fundamental Operating Principles of the Internal

Text B:
Text C:

Unit Ten ---.-

Text A:
Text B:
Text C

Text A:
Text B:
Text C:

Unit TWEIVE +ovveeererienetaiiiiiiiiiiiiiiiii ittt iieeaaeotononanaessesiones

Text A:
Text B:
Text C:

Hooke’s Universal Joints

Combustion Engine
The History of Internal Combustion Engine
The Iron Age

The Flexible Engme

Any Speed

: Automatic Control
Unit Bleven ««cccccveeeioieiiiiiiiiiiii ittt iiiiiiiisieeitstostacetosasnsens

Car - Design- and-Making Tendency
Computer- Aided Automobile Design
History of Motor Cycles

Design for Manufacture
The Crisis Facing Western Manufacturing Industry
History of Transport

Unit Thirteen ««--------
Text A: Engmeenng Desxgn

Text B:
Text C:

Uit FOUTEEN +vtveeevereorerttterattiiitiitttnietiitiitietenetateitecicnaicienes

Text A:
Text B:
Text C:

Uit FIUEEN cocvoeerneeranen i ittt it e ettt e citceecenseeee

Text A:
Text B:
Text C:

Engineering Design (Continued )
What Computers Can Do?

System Life Cycle and Reliability
Reliability
How Computers Work?

Leonardo da Vinci
Taylor
History of Bicycles

Key To Exercises

104

. 122

138

152

... 168

184

197

-- 208



UNIT 1

10

15

20

25

Text A
What Is Manufacturing ?

As you begin to read this article, take a few moments and inspect
the different objects around you : your watch, chair, stapler, pencil, cal-
culator, telephone, and light fixtures. You will soon realize that all
these objects had a different shape at one time. You could not find
them in nature as they appear in your room. They have been trans-
formed from various raw materials and assembled into the shapes
that you now see. A paper clip, for example, was once a piece of wire.
The wire was once a piece of metal obtained from ores.

Some objects are made of one part, such as nails, bolts, wire or
plastic coat hangers, metal brackets, and forks. However, most ob
jects—automobile engines, ballpoint pens, toasters, bicycles, comput-
ers and thousands more — are made of a combination of several parts
made form a variety of materials. A typicMnobile, for example,
consists of about 15 000 parts, and a C— 5A transport plane is made
of more than 4 000 000 parts. All are made by various processes that
we call manufacturing. M anufacturing ,in its broadest sense, is the pro-
cess of converting raw materials into products. It encompasses the de-
sign and production of goods, using various produc_timlﬁdE and
techniques.

Manufacturing is the backbone of any industrialized nation. Its
importance is emphasized by the fact that, as an economic activity, it
comprises approximately one third of the value of all goods and
services produced in industrialized nations. The level of
manufacturing activity is directly related to the economic health of a
country. Generally, the higher the level of manufacturing activity in a
country, the higher is the standard of living of its people.

Manufacturing also involves activities in which the manufactured
product is itself used to make other products. Examples are large
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presses to form sheet metal for car bodies, metalworking machinery
used to make parts for other products, and sewing machines for mak-
ing clothing. An equally mportant aspect of manufacturing activities is
servicing and maintaining this machinery during its useful life.

The word manufacturing is derived from the Latin manufactus,
meaning made by hand. The word manufacture first appeared in 1567,
and the word manufacturing appeared in 1683. In the modern sense,
manufacturing involves making products from raw materials by vari-
ous processes, machinery, and operations, following a well- organized
plan for each activity required. The word product means something
that is produced, and the words product and production first ap-
peared sometime during the fifteenth century. The word production is
often used interchangeable with the word manufacturing. Whereas
manufacturing engineering is the term used widely in the United States
to describe this area of industrial activity, the equivalent term in
Europe and Japan is production engineering.

Because a manufactured item has undergone a number of
changes in which a piece of raw material has become a useful prod-
uct, it has a value— defined as monetary worth or marketable price.
For example, as the raw material for cerahics. clay has a certain val-
ue as mined. When the clay is used to make a ceramic dinner plate,
cutting tool, or electrical insulator, value is added to the clay. Similar-
ly, a wire coathanger or a nail has a value over and above the cost of
a piece of wire. Thus manufacturing has the important function of
adding value.

Manufacturing is generally a complex activity, involving pepole
who have a broad range of disciplines and skills and a wide variety of
machinery, equipment, and tooling with various levels of automation,
including computers, robots, and material- handling equipment.
Manufacturing activities must be responsive to several demands and
trends :

+ A product must fully meet design requirements and

 specifications. ;
« A product must be manufactured by the most economical
methods in order to minimize costs.
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+  Quality must be built into the product at each stage, from
design to assembly, rather than relying on quality testing af
ter the product is made.

» In a highly competitive environment, production methods
must be sufficiently flexible so as to respond to changing

" market demands, types of products, production rates, produc-
tion quantities, and on - time delivery to the customer.

. Newq}eﬁﬁiﬁmems in materials, production methods, and
compupter integration of both technological and managerial
activities in a manufacturing organization must constantly
be evaluated with a view to their timely and economic
implementation.

»  Manufacturing activities must be viewed as a large system,
each part of which is interrelated to others. Such systems
can be modeled in order to study the effect of factors such
as changes in market demands, product design, material and
various other costs, and production methods on product
quality and cost.

« The manufacturing organization must constantly strive for
higher productivity, defined as the optimum use of all its re-
sources: materials, machines, energy. capital, labor, and tech-
nology. Output per employee per hour in all phases must be
maximized.

Comprehension Exercises

Choose a), b), ¢), or d)to complete each unfinished statement,
making it closest in meaning to the relevant parts of the text :

1. Itis not easy to the objects when they appear around
you.
a ) discover -b ) paturalize
¢ ) obtain Cd)’categon‘zc
2. A toaster is usually made of made from .

a )ome part --- various matenals
N b ) several parts --- various materials



¢)one part --- one material

d)several parts --- one material

are made

by various processes
manufacturing.

that we call

a)The 15 000 parts of a typical automobile

b) The 4 000 000 parts of a C— SA transport plane
\/c) The 15 000 parts and the 4 000 000 parts

d) The automobile and the C— 5A transport plane

4§\lhe industrialized nations

makes up one third of the
value of all goods and services.

\,4 ) manufacturing b ) design
¢) production methods d ) production techniques

5. As manufacturing develops, the living standard

«a) will rise b ) will not rise

d ) will probably rise
6. Servicing and maintaining the machinery is

a) manufacturing

b) the useful life of the machinery
_¢)also part of manufacturing

d) equally important

c¢) will not necessarily rise

7. The word manufacturing means making products in its
modern sense.

a) only by hand
b) only by machinery
< ) by hand or by machinery
d) neither by hand nor by machinery

8. Used as the raw material for ceramics, clay after it is ob-
tained from a mine.
a ) does not have any value
b)does have some value
_¢) has an enormous value
d ) has little value

9. Manufacturing is an industrial activity which does not involve

a)people
4 -

b ) machinery
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10. is what a manufacturing organization tries its best to
achieve.
e.)Higher productivity
b ) Abundant supply of materials
¢ ) Higher market price N 2

d ) Great consumption of products

Text B
The Production Turn and Types

Manufacturing can be defined as the transformation of raw materi-
als into useful products through the use of the easiest and lea_s\t- expen-
sive methods. It is not enough, therefore, to process some raw materi-
als and obtain the desired product. It is, in fact, of major importance
to achieve that goal through employing the easiest,fastest, and most ef
ficient 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 deter-
mine and define the equipment, tools, and processes required to con-
vert the design of the dgiilgi product into reality in an efficient man-
ner. In other words, it is the engineer s task to find out the most ap-
propriate, optimal combination of machinery, materials, and methods
needed to achieve economical and trouble- free production. Thus, a
manufacturing engineer 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.
The standard of living in any nation is actually reflected in the

o 5 .
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products and services available to its people. In a nation with a high
standard of living, a middle- class family usually owns an automobile,
a refrigerator, an electric stove, a dishwasher, a washing machine, a
vacuufii tleaner, a stereo, and — of course—a television set. Such a
family also enjoys health care that involves modern equipment and fa-
cilities. As you can easily see, all the above-mentioned goods, appli-
ances, and equipment are actually raw materials that have been con-
verted into manufactured products . Therefore, the more active in
manufacturing raw materials the people of a nation are, the more plen-

tiful those goods and services become; as a consequence, the standard

of Tiving of the people in that nation attains a high level. On the other
hand, nations that have raw materials but do not fully exploit their re-
sources by manufacturing those materials are us{laily poor and are
referred to as “ underdeveloped.” It is, therefore, the know- how and
the capability of converting raw materials into useful products that
basically determines the standard of living of a nation and not just
the availability of minerals or resources within its territorial land. In
fact, many industrial nations, such as Japan and Switzerland, import
most of the raw materials which they manufacture and yet still main-
tain a high standard of living. “

The Production Turn

In almost all cases, the main goal of a manufacturing project is
to make a profit, the exception being projects that have to do with
the national security or_prestige. Now, let us establish a simplified
model that illustrates the cash flow through the different activities as-
sociated with manufacturing, so we can see how to maximize the pro-
fit. As shown in Fig. 1, the project starts by borrowing money from a
bank to purchase machines and raw materials and to pay the salaries
of the enéineers and other employees. Next, the raw materials are con-
verted into products, which are the output of the manufacturing do-
main. Obviously, those products must be sold (through the mar-
keting department )in order to get cash. The latter is, in turn, used to
cover the running costs as well as required payments to the bank; any
surg@ money left is actually the profit.

. 6 A
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Initial money

Bank borrowed from bank _ | Manufacturi Produats

- plant
Annual Money to purchase
Payment raw materials and

+ Profit for the running cost.

M:"”’ Markeing | Producs

department

Fig .1 The production turn.

We can see in this model that the sequence of events forms a con-
tinuous cycle (i. e., a closed circuit). This cycle is usually referred to
as the production turn. We can also realize the importance of mar-
ketmg, which ensures the continuity of the cycle. If the products are
not sold, the cycle is obviously interrupted. We can also see that maxi-
mum profit is obtained through maximizing the profit per turn
and/or increasing the number of turns per year (i.e., running the cy-
cle faster). Obviously, these two conditions are fulfilled when pro-
ducts are manufactured in the easiest and least expensive way.

Types of production

Modern industries can be classified in different ways. These in-
clude classification by progess, classification by product,and classifica-
tion based on the production volume and the dwers1ty of products.
The classification by process is exemplified bﬁisﬁﬁg industries,
stamping industries, and the like. When classifying by product, indus-
tries may belong to the automotive, acrospace, and electronics groups.
The third method, i. e., classification based on production volume,
identifies three main distinct types of production, mass,job shop,and
moderate. Let us briefly discuss the features and characteristics of
each type.

M ass production is characterized by the high production volume
of the same (or very similar) parts for a prolonged period of time. An
annual production volume of less than 50 000 pieces cannot certainly
be considered as mass production. As you may expect, the production

. 7 .
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volume is based upon an established or anticipated sales volume and
is not directly affected by the daily or monthly orders. The typical ex-
ample of mass-produced goods is automobiles. Since that type at-
tained its modern status in Detroit, it is'sometimes referred to as the
Detroit type.

Job-shop production is based on sales orders for a variety of
small lots. Each lot may consist of 20 up to 200 or more similar parts,
depending upon the customers’ needs. It is obvious that this type of
production is most suitable for subcontractors who produce varying
components to supply various industries. The machines employed
must be flexible to handle variations in the configuration of the or-
dered components, which are usually frequent. Also, the employed per-
sonnel must be highly skilled in order to handle a variety of tasks,
which differ for the different parts that are manufactured.

Moderate production is an intermediate phase between the
job-shop and the mass production types. The production volume
ranges between 10 000 to 20 000 parts, and the machines employed
are flexible and mu/lt_lpnmc; This type of production is gaining
popularity in industry because of an increasing market demand for
customized products.

Comprehension Exercises
Read each statement and decide whether it is true or false. Base your
decision on the text. v

l It is also important to manufacture the desired product through

employing the easiest, fastest, and most efficient methods.
2. To make a profit is the main goal of almost all manufacturing pro
jects, including the national security-related ones.
3. The marketing department sells the products to get cash which is
used to cover the costs of mateials and machines, the payments to
the engineers and other employees as well as those to the bank.
4. With a sound knowledge of materials, up-to-date machinery, prob-
lems in production, and various manufacturing methods, a
X manufacturing engineer can determine and define the equipment,

8 -
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tools, and processes required in production.
5. The production turn is the cycle of events which a manufacturing
Y organization gets through by obtaining a loan from a bank,
making and selling products and paying back the loan.
6. The profit per turn can be maximized and the number of turns per
year can be increased until the products are manufactured in the
X most efficient way.
7. The established sales volume rather than the daily or monthly or-

/& ders has a direct influence on the production volumn of mass

production.
8. Since the ordered components often change, the machines used in
job-shop production must be adaptable enough to manufacture
~ the required products.
9. The highly skilled personnel in the job-shop manufacturing can
7 handle products of the same type in quantity.
10. Manufacturers adopting moderate production is winning larger
share of the market by turning out products which fit the special

" needs of the customers.

2!
Text C
Moving Heavy Loads

Ordinary cranes, used in the construction industry or for loading
ships, can lift weights of up to 200 tonnes. But consider the following
problems; a prefabricated 1 500- tonne section of a ship (such as the
whole superstructure or the front part of the bow ) has to be placed in
its final position';‘a 6 000- tonne rocket has to be moved 5km (3
miles ) to its launching site; a 7 000- tonne section of a stadium has
to be placed in a ne;v-position. Each of these involves moving a heavy
load, and each has been solved.

What are heavy loads?

The ability to move heavy loads is increasingly important to the

engineering industries because the cost- saving of building assemblies

e 9
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on a specific site before moving them to their final places is now ac-
cepted. But prefabncated structures are becoming larger and heavier.
As new load- moving teGquues have been developed. other industries
have assessed their usefulness and have had to adopt them.

The word “heavy” is arbitrary, but for these purposes it includes
loads ranging from hundreds of tonnes to tens of thousands of tonnes.
Moving heavy loads has presented engineers with problems for thou-
sands of years. Many suggestions have been put forward as to how
stone was moved in the building of the pyramids and Stonehenge. Cer-
tainly a2 method using tree trunks as rollers would have been known
at that period of history and animal or human power could have pro-
vided the motive force.

Man started with the lever and soon discovered the arrangements
of the moving force, the load and the fulcrum (pivot ) that would be
most useful in particular applications. Afchimedes is reputed to have
claimed : “ Give me a firm place on which to stand’ and 1 will move
the earth”. He realized that to use a long lever to gain a mechanical
advantage would mean that a small movement of the load could be
obtained with a large movement of the applied force.

The problems involved

Moving heavy loads has always involved two different problems :
how to reduce the friction underneath the load and how to provide suf
ficient force to overcome the friction remaining once the load is
moving. To reduce friction, rolling logs were used and later wheels of
various types. Grease was also applied to ease the movement of the
load, particularﬁ the shipbuilding industry. More recently va-
rious “slippery” plastic coatings, such as polytetrafluorethylene
(PTFE), have been used, as well as air and water cushions that ope-
rate like hovercraft.

There are two kinds of friction involved in moving anything. Sta-
tic or stationary friction has to be overcome to start something
moving and dynamic or moving friction opposes its continued
movement. The coefficient of friction between two materials is defined
as the ratio of the force required to move the load to the weight

10 -



