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Fundamentals of Machine Design

\/ Section | Text

Design is essentially a decision-making process. If we have a problem, we need to design
a solution. In other words, to design is to formulate a plan to satisfy a particular need and to
create something with a physical reality. A bad decision leads to a bad design and a bad
product.

There are many factors to be considered while attacking a design problem. In many cases

‘1] Some of these factors are as

this is a common sense approach to solving a problem.
follows.

e What device or mechanism to be used — This is best judged by understanding the problem
thoroughly. Sometimes a particular function can be achieved by a number of means or by using
different mechanisms and the designer has to decide which one is the most effective under the
circumstances.

e Material — This is a very important aspect of any design. A wrong choice of material may
lead to failure, over or undersized product or expensive items. 2} The choice of materials is thus
dependent on suitable properties of the material for each component, their suitability of fabrication
or manufacture and the cost.

® [oad — The external loads cause internal stresses in the elements and these stresses must
be determined accurately since these will be used in determining the component size.

e Size, shape, space requirements and weight — Preliminary analysis would give an
approximate size. But if a standard element is to be chosen, the next larger size must be taken. "'
Shapes of standard elements are known but for non-standard element, shapes and space

requirements must depend on available space in a particular machine assembly. A scale layout

drawing is often useful to arrive at an initial shape and size. 4] Weight is important depending on
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application.

e Manufacture — Care must always be taken to ensure that the designed elements may be
manufactured with ease, within the available facilities and at low cost.

e How will it operate — In the final stage of the design, a designer must ensure that the
machine may be operated with ease. In many power operated machines, it is simply a matter of
pressing a knob or switch to start the machine. I However in many other cases, a sequence of
operations is to be specified. This sequence must not be complicated and the operations should not
require excessive force.

e Reliability and safety — Reliability is an important factor in any design. A designed
machine should work effectively and reliably. The probability that an element or a machine
will not fail in use is called reliability. Reliability lies between 0 < R < 1. To ensure this,
every detail should be examined. Possible overloading, wear of elements, excessive heat
generation and other such detrimental factors must be avoided. There is no single answer for
this but an overall safe design approach and care at every stage of design would result in a
reliable machine.

Safety has become a matter of paramount importance these days in design. Machines must be
designed to serve mankind, not to harm it. Industrial regulations ensure that the manufacturer is
liable for any damage or harm arising out of a defective product. ‘'

e Maintenance, cost and aesthetics — Maintenance and safety are often interlinked. Good
maintenance ensures good running condition of machinery. Often a regular maintenance schedule
is maintained and a thorough check up of moving and loaded parts is carried out to avoid
catastrophic failures. Low friction and wear is maintained by proper lubrication. This is a major
aspect of design since wherever there are moving parts, friction and wear are inevitable. High
friction leads to increased loss of energy. Wear of machine parts leads to loss of material and
premature failure.

Cost and aesthetics are essential considerations for product design. Cost is essentially related
to the choice of materials which in turn depends on the stresses developed in a given condition. !’
Although in many cases aesthetic considerations are not essential aspects of machine design,

ergonomic aspects must be taken into considerations.
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\/ Section I New Words and Phrases

% decision-making n. g ((t
ﬁ) formulate [ 'fammjuleit | V. HiT (V
2)) thoroughly ['0arali] adv.  WIEH %
}) circumstance [ 'sotkomstans ] n. 755 %
% undersized [ ando'saizd ] adj.  RISFRY, REPAER) %
% component [ kom'pounant | n. 4, ol ¢
% external [ eks'tornl ] n. GRS ({
2)) internal [in'tamal ] n. NI %
% stress [ stres ] n. N ¢
% approximate [ o'proksimit ] adj. LAY %
) standard element FrRUElF ¢
% scale [ skeil] n. Eb 1] %
% scale layout drawing e L 1 A ({
% common sense approach HARPER Ik %
% with ease B S st %
% facility [ fo'siliti ] n. Wit %
}) knob [nob] n. O F e ({
% sequence [ 'sitkwons ] n. i, 31 (v
}) excessive [ik'sesiv ] adj. oW R %
% reliability [ rilaio'biliti ] n. AIHEPE %
% probability [ proba'biliti ] n. Al RETE , %
% overloading [ suva'loudip ] n. L %% ¢
% excessive heat bug %
% preliminary [ pri'liminari ] adi. Y0 %
% assembly [ o'sembli ] n. ZER ¢
z)) paramount [ 'paromaunt | adi. ZEEILLEM %
% detrimental [ detri'mentl ] adj.  ARIW, AER <$
E industrial regulations 2755/ %
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% liable [ 'laiabl ] adj.  Xfeeeees ik ({
3 defective [ di'fektiv] adj. A HRFER %
% aesthetics [iis'getiks | n. T R %
% maintenance [ 'meintinans ] n. A i s %
% catastrophic [ keeta'strofik | n. JEMEPE Y §
% friction and wear 55 B bt ({
j; lubrication [ lubri'keifon ] n. bEERyEs %
% check up K Ar ¢
% inevitable [ in'evitabl ] adj.  ANA[EEGRAY %
% premature [ prema'tjus adj.  dHEH %
% ergonomics [ 9rgou'nomiks ] n. NN ¢
S

\\/ Section Il Notes to Complex Sentences

[1] In many cases this is a common sense approach to solving a problem.
VFZGE T a5 U] itk ] 2t
approach to solving a problem: ﬁ@ﬁ%l'ﬂ@ Y 1 48, common sense It 4k 1F %2 18, 14 1
approach.
[2] A wrong choice of material may lead to failure, over or undersized product or expensive
items.
VR R R 2 P BO™ i R RS 3 R /N SoiAR i &
XH over or... SHETIENY failure I35 ,/FEH lead to MR,
[3] But if a standard element is to be chosen, the next larger size must be taken.
BERIE FIARHESE ot B IBOR R — U R
iX B the next larger size $8H5 K—Z bR EMF RS,
[4] A scale layout drawing is often useful to arrive at an initial shape and size.
2 LA I ) — 5 A B PRAE AR X i) 28 B AR AR AR #E B
scale: Hfi], arrive at. JEAL, i85,

[5] ...it is simply a matter of pressing a knob or switch to start the machine.
------ ARG R — T eI LR 4 fa7 B 1

It is a matter of. .. S&----- VEX -
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[ 6] Industrial regulations ensure that the manufacturer is liable for any damage or harm arising out
of a defective product.
Tl RS R 35 R RS AT SR 7 i A A AT 450 T A3 T 1 5
arising out of. .. Hj------ Ra i

[7] Cost is essentially related to the choice of materials which in turn depends on the stresses
developed in a given condition.
AR B 2 IR T R e | TR 30 45 SRR T 20 7 284 T R DR
which 5| H &l M) VE 18, 256 T HT A ) choice of materials. in turn: KK, AL R] ¥
N

\/ Section IV Exercise

Translate the following into Chinese.

Machine design may be classified by the following 3 types.

e Adaptive design: This is based on existing design, for example, standard products or
systems adopted for a new application. Conveyor belts, control system of machines and
mechanisms or haulage systems are some of the examples where existing design systems are
adapted for a particular use.

e Developmental design; Here we start with an existing design but finally a modified design
is obtained. A new model of a car is a typical example of a developmental design.

e New design: This type of design is an entirely new one but based on existing scientific
principles. No scientific invention is involved but requires creative thinking to solve a problem.
Examples of this type of design may include designing a small vehicle for transportation of men

and material on board a ship or in a desert. Some research activity may be necessary.

\/ Section V Supplementary Reading

Factors in Design

The first step in product developments is design. Design is motivated by the following



i Lesson 2 Fundamentals of Machine Design ! 15/\

factors.
® The need for a specific product.
e The level of available manufacturing technology.

® Mass production capability and production cost.

Need

Most products are designed and produced because a need has developed for them. With the
tremendous capability of modern industrial manufacturing, needs for products are easily
developed. Therefore product designers are engaged in a constant process of designing and

redesigning products to fulfill a continuing need.

Capability of Available Manufacturing Technology

The capability of the existing manufacturing technology is an extremely important
consideration in product design and development. As technology develops new and better
processes and materials, the designer naturally makes use of these to design and redesign products

accordingly.

Production Capability and Costs

Most products that are made for the general public are only successful if they can be mass
produced and marketed at affordable prices. The best product design is only as good as its ability
to be competitively produced. Therefore a designer must consider the following important
questions when a product is being developed.

e [s the production capability presently available?

e If not, will sales of the product justify development of new production technology?

e Can the product be manufactured and marketed at a cost that will return investment and

profits?

Safety and Reliability

Safety and reliability are critical factors in the design of many products. In recent years
product safety considerations have attained greater importance. This has been of increased public
awareness. The designer’s responsibility is equal where personal and public safety are

concerned.

Marketability

If the manufacturing capability exists or can be developed, the next stop involves marketing
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and distribution. It has often been started that invention is one thing, but distribution is
everything. Costs incurred in marketing include such things as advertising, national or
international sales organizations, packaging, distributors and agents, distribution costs, and
warranty services. The selling price to the end customer must reflect any or all of these expenses

while being low enough to support sales and meet competition.
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Engineering Materials
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Introduction

Common engineering materials are normally classified as metals and nonmetals. Metals may
conveniently be divided into ferrous and non-ferrous metals.

Important ferrous metals for the present purpose are:

(1) Cast iron.

(ii) Wrought iron.

(iii) Steel.

Some of the important non-ferrous metals used in engineering design are;

(i) Light metal group such as aluminium and its alloys.

(ii) Copper based alloys such as brass (Cu-Zn) , bronze (Cu-Sn).

(iii) White metal group such as nickel, silver, zinc, etc.

Ferrous Materials

Cast iron; It is an alloy of iron, carbon and silicon and it is hard and brittle.

Carbon content may be within 1. 7% to 3% and carbon may be present as free carbon or iron
carbide Fe,C.

Wrought iron: This is a very pure iron where the iron content is of the order of 99.5% . " It
is produced by re-melting pig iron and some small amount of silicon, sulphur, or phosphorus may
be present. S (T tough, malleable and ductile and can easily be forged or welded. It cannot
however take sudden shock. Chains, crane hooks, railway couplings and such other components
may be made of this iron.

Steel: This is by far the most important engineering material and there is an enormous variety
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of steel to meet the wide variety of engineering requirements. Steel is basically an alloy of iron
and carbon in which the carbon content can be less than 1. 7% and carbon is present in the form of
iron carbide to impart hardness and strength. Two main categories of steel are plain carbon steel
and alloy steel.

(1) Plain carbon steel: The properties of plain carbon steel depend mainly on the carbon
percentages and other alloying elements are not usually present in more than 0.5% to 1% such as
0.5% Sior 1% Mn, etc.

(ii) Alloy steel; These are steels in which elements other than carbon are added in sufficient
quantities to impart desired properties, such as wear resistance, corrosion resistance, electric or

magnetic properties. *’

Chief alloying elements added are usually nickel for strength and
toughness, chromium for hardness and strength, tungsten for hardness at elevated temperature,
vanadium for tensile strength, manganese for high strength in hot rolled and heat treated condition,

silicon for high elastic limit.

Non-ferrous Metals

Metals containing elements other than iron as their chief constituents are usually referred to as
non-ferrous metals. There is a wide variety of non-metals in practice. However, only a few
exemplary ones are discussed below.

® Aluminium: This is the white metal produced from Alumina. In its pure state it is weak
and soft but addition of small amounts of Cu, Mn, Si and Magnesium makes it hard and strong. It
is also corrosion resistant, low weight and non-toxic.

e Magnalium: This is an aluminium alloy with 2% to 10 % magnesium. It also contains
1.75% Cu. Due to its light weight and good strength it is used for aircraft and automobile
components.

e Copper alloys: Copper is one of the most widely used non-ferrous metals in industry. It is
soft, malleable and ductile and is a good conductor of heat and electricity. The following two
important copper alloys are widely used in practice.

A Brass (Cu-Zn alloy) : It is fundamentally a binary alloy with Zn up to 50% . Brass is
highly corrosion resistant, easily machinable and therefore a good bearing material.

A Bronze (Cu-Sn alloy) ; This is mainly a copper-tin alloy where tin percentage may vary
between 5% to 25% . It provides hardness but tin content also oxidizes resulting in brittleness. '’
It was originally made for casting guns but used now for boiler fittings, bushes, glands and other

such uses.
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Non-metals

Non-metallic materials are also used in engineering practice due to principally their low cost,
flexibility and resistance to heat and electricity. Though there are many suitable non-metals,
plastics is the most important from design point of view. They are synthetic materials which can be
moulded into desired shapes under pressure with or without application of heat. They are now
extensively used in various industrial applications for their corrosion resistance, dimensional

stability and relatively low cost.

\\/ Section Il New Words and Phrases

% classify [ 'kleesifai | V. s ({
% conveniently adv. JifEih %
% ferrous [ 'feras] adj. TR, B ¢
}) cast iron Pk %
% wrought [ rort] n. Hrig ({
% wrought iron CIE:E37209 §
}) alloy ['eeloi] n. & %
1)) nickel [ 'nikal ] n. R ((t
3) zinc [ zipk] n. B §
% silicon [ 'silikon ] n. fif %
% brittle [ 'britl ] adj.  JfEr) %
}) carbide [ 'ka:baid ] n. ALY iron carbide Bk ik %
% pig iron Ak §
% sulphur [ 'salfa] n. B ({
% phosphorus [ 'fosforas ] n. 7 %
% malleable [ 'meliobl ] adj.  TI¥B §
% crane [ krein | n. AL E AL ({
% hook [ huk] n. AN ({
) coupling [ 'kaplin ] n. Kot §
% ductile [ 'daktail ] adj.  MIIEJRAY; WIHY %
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% hot roll P ¢
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% tensile [ 'tensail ] n. VAL §
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3) extensively adv. ]z §
}) dimensional stability Rt RaE ({
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\\/ Section Il Notes to Complex Sentences

[1] This is a very pure iron where the iron content is of the order of 99.5% .

BOE—FAE g ali ek k& 29,5 99.5% .,
to be of the order: fE------ Boamd,

I
7

[2] It is produced by re-melting pig iron and some small amount of silicon, sulphur, or

[3]

r
~n

[5]

phosphorus may be present.
Bt i AR ER A T A, Heh S A DR R, A DR
or 5| M MNAIFIR T3 — Rl 4% | 15 EAFAT

The properties of plain carbon steel depend mainly on the carbon percentages and other

alloying elements are not usually present in more than 0.5% to 1% such as 0.5% Si or 1%

Mn, etc.

Al A BT RE T HOR T i A o L, A S S OCERE W AR 0.5% ~ 1% , B, 0.5%

Rk i 1% 95
and other alloying elements. .. H and ZEEPAIFAIE G4,

These are steels in which elements other than carbon are added in sufficient quantities to

impart desired properties, such as wear resistance, corrosion resistance, electric or magnetic

properties.

RXFENE I T BREx LA SRR A TR T AR B R RO PERE , LL NGRS I 90

JE R | R ESE
such as. .. &ffi properties,

It provides hardness but tin content also oxidizes resulting in brittleness.

BRI E Bt 2 AT S e

\\/ Section IV Exercise

Please find answers from the text to the following questions.
Q. 1: Classify common engineering materials.
Q.2: What are the advantages of malleable cast iron over white or grey cast iron?

Q. 3: A standard alloy steel used for making engineering components is 20Cr18Ni2

. State the
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composition of the steel.

Q.4 . How are plain carbon steel designated?

Q.5: Name two important copper alloys and give their typical compositions.

Q.6 List at least five important non-metals commonly used in machine design.

Q. 7. State at least 5 important mechanical properties of materials to be considered in machine
design.

Q. 8: Define resilience and discuss its implication in the choice of materials in machine

design.

\/ Section V Supplementary Reading

Mechanical Properties of Engineering Materials

Choice of materials for a machine element depends very much on its properties, cost,
availability and such other factors. It is therefore important to have some idea of the common
engineering materials and their properties before learning the details of design procedure.

The important properties from design point of view are as follows.

e Strength: The strength of a material refers to the material’s ability to withstand an applied
stress without failure. Yield strength refers to the point on the engineering stress-strain curve ( as
opposed to true stress-strain curve ) beyond which the material begins deformation that cannot be
reversed upon removal of the loading. Ultimate strength refers to the point on the engineering
stress-strain curve corresponding to the maximum stress. The applied stress may be tensile,
compressive, or shear.

e Hardness; Property of the material that enables it to resist permanent deformation,
penetration, indentation, etc. Sizes of indentations by various types of indenters are the measure
of hardness, e. g., Brinnel hardness test, Rockwell hardness test, Vickers hardness ( diamond
pyramid) test. These tests give hardness numbers which are related to yield pressure (MPa).

e Elasticity; This is the property of a material to regain its original shape after deformation
when the external forces are removed. All materials are plastic to some extent but the degree
varies, for example, both mild steel and rubber are elastic materials but steel is more elastic than
rubber.

e Plasticity; This is associated with the permanent deformation of material when the stress

level exceeds the yield point. Under plastic conditions materials ideally deform without any
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increase in stress.

® Ductility; This is the property of the material that enables it to be drawn out or elongated
to an appreciable extent before rupture occurs. The percentage elongation or percentage reduction
in area before rupture of a test specimen is the measure of ductility. Normally if percentage
elongation exceeds 15% the material is ductile and if it is less than 5% the material is brittle.
Lead, copper, aluminium, mild steel are typical ductile materials.

e Malleability ; It is a special case of ductility where it can be rolled into thin sheets but it is
not necessary to be so strong. Lead, soft steel, wrought iron, copper and aluminium are some
materials in order of diminishing malleability.

e Brittleness: This is opposite to ductility. Brittle materials show little deformation before
fracture and failure occur suddenly without any warning. Normally if the elongation is less than
5% the material is considered to be brittle. E. g. cast iron, glass, ceramics are typical brittle
materials.

e Resilience: This is the property of the material that enables it to resist shock and impact by
storing energy. The measure of resilience is the strain energy absorbed per unit volume.

e Toughness: This is the property which enables a material to be twisted, bent or stretched
under impact load or high stress before rupture. It may be considered to be the ability of the
material to absorb energy in the plastic zone. The measure of toughness is the amount of energy
absorbed after being stressed up to the point of fracture.

® Creep: When a member is subjected to a constant load over a long period of time it
undergoes a slow permanent deformation and this is termed as “creep.” This is dependent on

temperature. Usually at elevated temperatures creep is high.
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Introduction

In its original sense, mechanics refers to the study of the behavior of systems under the action
of forces. Statics deals with cases where the forces either produce no motion or the motion is not
of interest. Dynamics deals properly with motions under forces. Mechanics is subdivided
according to the types of systems and phenomena involved. "

An important distinction is based on the size of the system. Those systems are large enough
and can be adequately described by the Newtonian law of classical mechanics. In this category,
for example, are celestial mechanics, the study of the motions of planets, stars, and other
heavenly bodies, and fluid mechanics, which treats liquids and gases on a macroscopic scale. '*'
Fluid mechanics is a part of a larger field called continuum mechanics, involving any essentially
continuous distribution of matter, whether rigid, elastic, plastic, or fluid. On the other hand, the
behavior of microscopic systems such as molecules, atoms, and nuclei can be interpreted only by
the concepts and mathematical methods of quantum mechanics. From its inception, quantum
mechanics had two apparently different mathematical forms: the wave mechanics of E.
Schrodinger, which emphasizes the spatial probability distributions in the quantum states, and the
matrix mechanics of W. Heisenberg, which emphasizes the transitions between states. These are
now known to be equivalent.

Mechanics may also be classified as nonrelativistic and relativistic mechanics, the latter
applying to systems with material velocities comparable to the velocity of light. This distinction
pertains to both classical and quantum mechanics.

Finally, statistical mechanics uses the methods of statistics for both classical and quantum

systems containing very large number of similar subsystems to obtain their large-scale properties.
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Basic Concepts in Mechanics

That branch of scientific analysis which deals with motions, times, and forces is called
mechanics and is made up of two parts: statics and dynamics. *’ Statics deals with the analysis of
stationary systems, i.e., those in which time is not a factor, and dynamics deals with systems
which change with time.

Forces are transmitted into machine members through mating surfaces, e. g. , from a gear to a
shaft or from one gear through meshing teeth to another gear, from a rod through a bearing to a
lever, from a V-belt to a pulley, or from a cam to a follower. It is necessary to know the
magnitudes of these forces for a variety of reasons. The distribution of the forces at the boundaries
or mating surfaces must be reasonable, and their intensities must be within the working limits of
the materials composing the surfaces. For example, if the force operating on a sleeve bearing
becomes too high, it will squeeze out the oil film and cause metal-to-metal contact, overheating,
and rapid failure of the bearing. If the forces between gear teeth are too large, the oil film may be
squeezed out from between them. This could result in flaking and spalling of the metal, noise,
rough motion, and eventual failure. In the study of dynamics we are principally interested in
determining the magnitude, direction, and location of the forces.

Some of the terms used in this phase of our studies are defined below.

Force. Our earliest ideas concerning forces arose because of our desire to push, lift, or pull
various objects. So force is the action of one body acting on another. Our intuitive concept of
force includes such ideas as place of application, direction, and magnitude, and these are called
the characteristics of a force.

Matter. Matter is any material or substance; if it is completely enclosed, it is called a body.

Mass. Newton defined mass as the quantity of a body as measured by its volume and density.
This is not a very satisfactory definition because density is the mass of a unit volume. We can
excuse Newton by surmising that he perhaps did not mean it to be a definition. Nevertheless, he
recognized the fact that all bodies possess some inherent property that is different from weight.
Thus, a moon rock has a certain constant amount of substance, even though its moon weight is
different from its earth weight. This constant of substance, or quantity of matter, is called the
mass of the rock.

Inertia. Inertia is the property of mass that causes it to resist any effort to change its motion.

Weight. Weight is the force of gravity acting upon a mass. The following quotation is
pertinent ;

The great advantage of SI units is that there is one,and only one unit for each physical—the
meter for length, the kilogram for mass, the Newton for force, the second for time, etc. To be

consistent with this unique feature, it follows that a given unit or word should not be used as an
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accepted technical name for two physical quantities. However, for generations the term “weight”
has been used in both technical and non-technical fields to mean either the force of gravity acting
on a body or the mass of a body itself.

Particle. A particle is a body whose dimensions are so small that they may be neglected.

Rigid Body. All bodies are either elastic or plastic and will be deformed if acted upon by
forces. When the deformation of such bodies is small, they are frequently assumed to be rigid, i
e. , incapable of deformation, in order to simplify the analysis.

Deformation Body. The rigid-body assumption can not be used when internal stresses and
strains due to the applied forces are to be analyzed. Thus we consider the body to be capable of
deforming. Such analysis is frequently called elastic-body analysis, using the additional
assumption that the body remains elastic within the range of the applied forces.

Newton’s Laws. Newton’s three laws are:

Lawl ; If all the forces acting on a particle are balanced, the particle will either remain at rest
or will continue to move in a straight line at a uniform velocity.

Law 2. If the forces acting on a particle are not balanced, the particle will experience an
acceleration proportional to the resultant force and in the direction of the resultant force. *’

Law 3. When two particles react, a pair of interacting forces comes into existence; these
forces have the same magnitudes and opposite senses, and they act along the straight line common
to the two particles.

Mechanics deals with two kinds of quantities—scalars and vectors. Scalar quantities are those
with which a magnitude alone is associated. Examples of scalar quantities in mechanics are time,
volume, density, speed, energy, and mass. Vector quantities, on the other hand, possess
direction as well as magnitude. Examples of vectors are displacement, velocity, acceleration,

force, moment, and momentum.

\/ Section I New Words and Phrases
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% statics [ 'steetiks ] n. S %
% dynamics [ dai'naemiks ] n. h i (y
% spatial [ 'speifal ] adj.  ZS[AI) ((z
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macroscopic
inception
emphasize
transition
relativistic

pertain

surmise
nevertheless
inherent

quotation

pertinent

statistics

sleeve

inertia

mating

magnitude

mesh

flake

spall

pulley

intuitive
deformation

elastic

classical mechanics
heavenly body
fluid mechanics
quantum mechanics
wave mechanics
continuum mechanics
relativistic mechanics
matrix mechanics
statistical mechanics

material velocity
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[in'sepfon ]
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\\/ Section Il Notes to Complex Sentences

Mechanics is subdivided according to the types of systems and phenomena involved.

A RGERBFNW KRG, J1 A BRI A0 53

In this category, for example, are celestial mechanics, the study of the motions of planets,
stars, and other heavenly bodies, and fluid mechanics, which treats liquids and gases on a
macroscopic scale.

AR] S — 4> 8] % 4], celestial mechanics and fluid mechanics & 3 i, A 24 T celestial
mechanics. . . are in this category.

That branch of scientific analysis which deals with motions, times, and forces is called
mechanics and is made up of two parts: statics and dynamics.

Wiz sl I TR A0 A BB 70 SRR O 15, B R 48 i H 2 5 3l o

That. . . ; H that 5| 5/ E1HMNA), 1EF 18 AR E K, and J5 1 A 318 ( mechanics )
Law 2. If the forces acting on a particle are not balanced, the particle will experience an

acceleration proportional to the resultant force and in the direction of the resultant force.

proportional to ... Frg| SRR IESEE T, 18115 acceleration.

\/ Section IV Exercises

1. Read the following statements,fill in the blanks with true or false.

(1) Those systems large enough can be adequately described by the Newtonian law of

quantum mechanics. ( )

(2) On the other hand, the behavior of microscopic systems such as molecules, atoms, and

nuclei can be interpreted only by the concepts and mathematical methods of wave mechanics. ( )

(3) The wave mechanics emphasizes the spatial probability distributions in the quantum
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states. ()
(4) Mechanics may also be classified as nonrelativistic or relativistic mechanics, the former
applying to systems with material velocities comparable to the velocity of light. ( )

(5) Inertia is the property of mass that causes it to resist any effort to change its motion. ( )

2. Answer the following questions.
(1) What does statics deal with?
(2) What are the differences between classical and continuum mechanics?
(3) What is the meaning of relativistic mechanics?
(4) What is the meaning of matter?

(5) What are Newton’s Laws?

\\“/ Section V Supplementary Reading

Applied Mechanics Overview

Applied mechanics is a branch of the physical sciences and the practical application of
mechanics. Applied mechanics examines the response of bodies ( solids and fluids) or systems of
bodies to external forces. Some examples of mechanical systems include the flow of a liquid under
pressure, the fracture of a solid from an applied force, or the vibration of an ear in response to
sound. A practitioner of the discipline is known as a mechanician.

Applied mechanics, as its name suggests, bridges the gap between physical theory and its
application to technology. As such, applied mechanics is used in many fields of engineering,
especially mechanical engineering. In this context, it is commonly referred to as engineering
mechanics. Much of modern engineering mechanics is based on Isaac Newton’s laws of motion
while the modern practice of their application can be traced back to Stephen Timoshenko, who is
said to be the father of modern engineering mechanics.

Within the theoretical sciences, applied mechanics is useful in formulating new ideas and
theories, discovering and interpreting phenomena, and developing experimental and computational
tools. In the application of the natural sciences, mechanics was said to be complemented by
thermodynamics, which is the study of heat and more general energy, and electromechanics,

which is the study of electricity and magnetism.
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Applied Mechanics in Practice

As a scientific discipline, applied mechanics derives many of its principles and methods from
the Physical sciences (in particular, Mechanics and Classical Mechanics) , from Mathematics and ,
increasingly, from Computer Science. As such, Applied Mechanics shares similar methods,
theories, and topics with Applied Physics, Applied Mathematics, and Computational Science.

As an enabling discipline, applied mechanics has received impetus from the study of natural
phenomena such as orbits of planets, circulation of blood, locomotion of animals, crawling of
cells, formation of mountains, and propagation of seismic waves. Such studies have resulted in
disciplines such as celestial mechanics, biomechanics and geomechanics.

As a practical discipline, applied mechanics has also advanced by participating in major
inventions throughout history, such as buildings, ships, automobiles, railways, petroleum
refineries, engines, airplanes, nuclear reactors, composite materials, computers, and medical
implants. In such connections, the discipline is also known as Engineering Mechanics, often
practiced within Civil Engineering, Mechanical Engineering, Construction Engineering, Materials
Science and Engineering, Aerospace Engineering, Chemical Engineering, Electrical Engineering,

Nuclear Engineering, Structural Engineering and Bioengineering.
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Hydraulics

\\/ Section | Text

The word “hydraulics” generally refers to power produced by moving liquids. Modern
hydraulics is defined as the use of confined liquid to transmit power, multiply force, or produce
motion. Though hydraulic power in the form of water wheels and other simple devices has been in
use for centuries, the principles of hydraulics weren’t formulated into scientific law until the 17th
century. It was then that French philosopher Blaise Pascal discovered that liquids cannot be
compressed. "' He discovered a law which states: Pressure applied on a confined fluid is
transmitted in all directions with equal force on equal areas.

Hydraulic systems contain the following key components.

® Fluid — can be almost any liquid. The most common hydraulic fluids contain specially
compounded petroleum oils that lubricate and protect the system from corrosion. >’

e Reservoir or tank — acts as a storehouse for the fluid and a heat dissipater.

e Hydraulic pump — converts the mechanical energy into hydraulic energy by forcing
hydraulic fluid, under pressure, from the reservoir into the system.

e Fluid lines or pipes — transport the fluid to and from the pump through the hydraulic
system. These lines can be rigid metal tubes, or flexible hose assemblies. Fluid lines can transport
fluid under pressure or vacuum ( suction).

e Hydraulic valves — control pressure, direction and flow rate of the hydraulic fluid.

e Actuator — converts hydraulic energy into mechanical energy to do work. Actuators
usually take the form of hydraulic cylinders. Hydraulic cylinders are used on agricultural,
construction, and industrial equipment.

In actual hydraulic systems, Pascal’s law defines the basis of the results which are obtained

from the system. Thus, a pump moves the liquid in the system. The intake of the pump is
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connected to the reservoir or tank. Atmospheric pressure, pressing on the liquid in the reservoir,
forces the liquid into the pump. When the pump operates, it forces liquid from the tank into the
discharge pipe at a suitable pressure. The flow of the pressurized liquid discharged by the pump is
controlled by valves. Three control functions are used in most hydraulic systems: (1) control of the
liquid pressure, (2) control of the liquid flow rate, and (3) control of the direction of flow of the
liquid.

Hydraulic drives are used in preference to mechanical systems when (I) power is to be
transmitted between points too far apart for chains or belts; (2) high torque at low speed is
required; (3) a very compact unit is needed; (4) a smooth transmission, free of vibration, is
required; (5) easy control of speed and direction is necessary; and (6) output speed is varied
steplessly.

Fig.5. 1 gives a diagrammatic presentation of the components of a hydraulic installation.
Electrically driven oil pressure pumps establish an oil flow for energy transmission, which is fed to
hydraulic motors or hydraulic cylinders, converting it into mechanical energy. The control of the
oil flow is by means of valves. The pressurized oil flow produces linear or rotary mechanical
motion. The kinetic energy of the oil flow is comparatively low, and therefore the term hydrostatic
driver is sometimes used. There is little constructional difference between hydraulic motors and
pumps. Any pump may be used as a motor. The quantity of oil flowing at any given time may be
varied by means of regulating valves (as shown in Fig. 5. 1) or the use of variable-delivery

pumps.

hydraulic motor hydraulic motor
/
hydraulic hydraulic
reservoir reservoir

servo valve

pressure relief XT=—=TTTh .
valve pressure relief

valve
nd

electric motor u

Y
hydraulic pump hydraulic pump
I—> X ’ ’ ‘

Fig.5.1 Speed-control methods for hydraulic motors

L BE

electric motor

q

Hydraulic machine tool drive offers a great many advantages. ' One of them is that it can

give infinitely-variable speed control over wide ranges. In addition, they can change the
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direction of drive as easily as they can vary the speed. As in many other types of machine, many
complex mechanical linkages can be simplified or even wholly eliminated by the use of
hydraulics.

The flexibility and resilience of hydraulic power is another great virtue of this form of drive.
Apart from the smoothness of operation thus obtained, a great improvement is usually found in the
surface finish on the work and the tool can make heavier cuts without detriment and will last

considerably longer without regrinding. 4

\\/ Section Il New Words and Phrases

% hydraulics [ hai'dro:liks ] n. WA, K12 ({
% confine [ kon'fain | V. g2 1| %
% transmit [ treenz'mit | V. 15 5% &
}) multiply [ 'maltiplai ] V. T, vahn, mok %
% reservoir [ 'rezovwar | n. (D), K ({
% hose [ houz ] n. A K3k %
}) valve [velv] n. 0] %
}) actuator [ 'aktjueito ] n. AT %
% intake ['inteik ] n. (R AK) O %
% discharge [ dis'tfa:dz ] V. HIZ,, HIR ¢
}) torque [ tork] n. J15E ((t
% vibration [ vai'breifan | n. P %
% steplessly adv. oYM ¢
% linear [ 'linia | adj. RVPERY ({
% rotary [ 'routori ] adj.  JEEGH) %
2)) diagrammatic [ daiogro'maetik | adj.  FEIFRM, HERE Y diagram 4] ({
4) oil pressure pump Iz ¢
% hydraulic motor WAL %
) hydraulic cylinder T §
}) kinetic energy ShiE ((z
R |
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}) hydrostatic driver HHEL ) ({
% variable-delivery pump A AR (v
}) by no means AN eeee ({
% self-contained adj. TSR BCERY AR %
}) regulating valve AN ({
% stimulate [ 'stimjuleit ] V. PEt , #ih §
}) resilience [ ri'zilians ] n. Bk lnl YK 77, ] ({
) vire [ Vartjuz] no HRAL O, R %
) finish n. EIEE §
}) work T4 ({
) ot e T ¢
ﬁ) detriment [ 'detrimont | n. PiE A 4
% regrind v. HEE grind BE(J]) %
e

\/ Section Il Notes to Complex Sentences

[1] It was then that French philosopher Blaise Pascal discovered that liquids cannot be
compressed.
It was then that. .. . 5®JE/A) A it £ F1E | then &K 1E , that 5 F 1 N AMEZ i 15 | of
P “then” . 25 A that 5| ) W\ AIME discovered HYEE1H .
ARATPEN IR SRR I, I P R R A R AR A RE R4 Y

[2] The most common hydraulic fluids contain specially compounded petroleum oils that lubricate
and protect the system from corrosion.
T i DL AV AR 5 A R A A il AR T AR R GEAZ I i E A
contain: F A7 ; that 7| ETE ] B oils , BIEMS AT FE L BCRTE

[ 3] Hydraulic machine tool drive offers a great many advantages.
BOEHURIR S BA 20
drive X HL /&4 1) ; offer /&1H1# ;a great many:i/fZ£ .

[4] ... a great improvement is usually found in the surface finish on the work and the tool can

make heavier cuts without detriment and will last considerably longer without regrinding.

------ AT DL TR D BEA BOCOREGE , ) H kTl LU A 24540 , 9 HAF
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25 T K s [B] G200 B
surface finish : 3% [ Y15 s tool . JJE.; cuts . PJHI| & ; last . 5742,

\/ Section IV Exercise

Translate the following paragraph.

Compressors are used in petrochemical plants to raise the static pressure of air and process
gases to levels required to overcome pipe friction, to affect a certain reaction at the point of final
delivery, or to impart desired thermodynamic properties to the medium compressed. These
compressors come in a variety of sizes, types, and models, each of which fulfills a given need
and is likely to represent the optimum configuration for a given set of requirements. Selection of
compressor types must, therefore, be preceded by a comparison between service requirements and
compressor capabilities. This initial comparison will generally lead to a review of the economies of
space, installing cost, operating cost, and maintenance requirements of competing types. Where
the superiority of one compressor type or model over a competing offer is not obvious, a more

detailed analysis may be justified.

\/ Section V Supplementary Reading

Mechanism Systems

While some simple machines consist of only one kind of mechanisms, in most cases, using
only one simple mechanism is not enough to perform the required mechanical actions in a
machine. Two working links (or output links) are needed to shape a flat surface. They are the
sliding block with the shaping tool ( cutter) and the worktable holding the workpiece. Carrying the
cutter, the sliding block moves back and forth to perform the cutting motion and the stroke of this
motion is adjustable to fit the size of the workpiece. The worktable moves intermittently to provide
the feeding action while the sliding block moves back. The amount of feed is also adjustable.
Such a working process needs several simple mechanisms working together in a machine and form
a mechanism system. Another example of a mechanism system is the well-known internal

combustion engine, which consists of a crank and slider mechanism, cam mechanisms and a gear
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mechanism. The crank and slider mechanism converts the back and forth movement of the piston
into rotation of the crankshaft. The gear mechanism and cam mechanisms control the movements
of the valves exactly and ensure the synchronized operation of the whole engine. According to
system theory, a machine can be seen as a system of mechanisms and a mechanism is a sub-system
of a machine. Hence, the design of a machine is the design of a mechanism system.

The quality, performance and compatibility of a mechanical product depend mainly on its
design. Any error, defect or carelessness in design may result in considerable extra cost in

manufacture or even the failure of the product. The importance of design is obvious here.
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Engineering Graphics

\/ Section | Text

Engineering graphics is a cornerstone of engineering. The essence of engineering — that is,
design — requires graphics as the means of communication within the design process. Graphics
serves as the common treaty between design and the manufacturing and construction processes. "

Study of the fundamentals of engineering graphics is one key to your success as an engineer.
Being able to describe an idea with a sketch is a prerequisite of the engineering profession. The
ability to put forth a three-dimensional geometry in a form that can be communicated to other

2]

engineers, scientists, technicians, and nontechnical personnel is a valuable asset. ) Of equal

importance is knowing how to read and understand the graphics prepared by others. *’

The ability to communicate is the key to success for a practicing engineer. Graphic
communication, along with written and oral communication, constitutes an important part of a
program of study in engineering. The fundamentals of the graphics language are universal in the

industrialized world, an advantage not afforded by the written and spoken language. Thus graphics

¢ i

may be said to be “a language for engineers. ’

The study of graphics involves three aspects: terminology, skills and theory. Definitions of
general terms encountered in graphic applications are introduced below.

Engineering graphics is the area of engineering which involves the application of graphic
principles in the development and conveyance of design concepts.

Engineering design is the systematic process by which a solution to a problem is created.
Engineering graphics provides visual support, a basis for engineering analysis, and documentation
for the design process.

Descriptive geometry is a set of principles which enable the geometry of an object to be

identified and delineated by graphic means. It is the theory by which spatial( three-dimensional )
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problems involving angles, shapes, sizes, clearances, and intersections are solved with two-
dimensional representation.

Computer graphics utilizes the digital computer to define, manipulate, and display devices,
processes, and systems for the purpose of analysis, design, and communication of engineering
solutions. '+’

Geometric modeling is the representation of a concept, process, or system operation usually
in a mathematical form, and more specifically as an electronic database. Computer-based
geometric modeling may conveniently be classified as wireframe, surface, or solid.

Engineering graphics is in a period of rapidly changing graphics technology. The traditional
tools of graphics, such as the T-square, compass, and drafting machines, are being displaced by
computer hardware and soft ware. We are in an exciting era in which we will experience the
transition from scales, triangles, and dividers to a computer keyboard and from blueprints to
databases.

The engineers of today see the engineering drawing as a by-product of the CAD process. The
control of the design-manufacture cycle is now the electronic database of the design. Changes are
incorporated instantly in all aspects of the design. New product models can be quickly developed
and oftentimes proved with computer simulations, thus bypassing the prototype. If drawings are
desired for manufacture or documentation, they may be quickly obtained from the database.

The engineering student of today will study graphics from the standpoint of supporting the
design process. Geometric modeling techniques, analysis techniques which are mathematically
based, and practice in visualization of three-dimensional geometries will be the focus of intensive

computer utilization. >’

In order to prepare concepts for modeling and analysis, freehand
techniques will be studied and practiced. The student will learn to produce and interpret multiviews
and pictorials both via sketches and computer techniques. Many of the graphics standards for
appropriate representation of object features ( sections, dimensioning, multiviews ) will be
studied.

Working in three dimensions with the computer, graphics will be produced easily in two- or
three-dimensional modes depending upon the application. '’ Creating two-dimensional graphics
such as XY plots and schematics will be accomplished with CAD software. Two-dimensional
geometric primitives such as circles and rectangles which serve as the generating geometry for
cylinders and prisms are a part of two-dimensional software. Special applications, for example,
dimensioning, generally utilize a two-dimensional view or series of two-dimensional views.

Three-dimensional geometric modeling involves wireframe, surface, and solid models. A
wireframe model shows a series of nodes connected by lines to form an object. The solid model is

a total definition of an object which includes knowledge of all boundary and internal points. From
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a solid model, a complete analysis of performance of the object can be performed on the computer
with appropriate software.

Computer graphics has become a powerful design tool which promises to enhance significantly
the engineer’s ability to be creative and innovative in the solution of complex problems.

The information revolution is well under way. The rapid advancement of electronic
technology has changed the way we work and live. The language of graphics will continue to be a
cornerstone of communication for engineers and other technical persons. However, the changes we
are seeing in the methods of transferring graphic, written, and spoken material are astounding.
These changes are improving the productivity of industries and individuals as well as increasing the
quality of products and the working environment. The requirements for the twenty-first century
engineer will include a sound understanding of the fundamentals of graphics and the

implementation of graphics to support the design process.

\/ Section I New Words and Phrases

% graphics [ 'graefiks | n. il 2= KB K fi Ez
45 cornerstone [ '’koinostoun | n. B el (¢
% essence ['esns] n. NS %
2; means of communication M T H(FB) ,# 5T H %
) (FB) ¢
% fundamental [ fando'mentl] n. FARFHE  adj. FEARR %
% prerequisite [ 'pri:'rekwizit ] n. S adj. HEDER %
) put forth e, kR, =i §
% nontechnical [ 'non'teknikl ] adj.  AEHARYER ({
| practicing adi. TP R AETARR)
% industrialized [ in'dastriolaizd ] adji. Tl Qy
2; conveyance [ kon'veions ] n. iahn sk TH Bk Gk %
% descriptive geometry I 7% J L] %
% delineate [ di'linieit ] V. 4 ik (t
% geometric modeling JUfT s Ass | LA R AL vy %
2 RBUR A /
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drafting
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divider
blueprint
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geometric modeling
visualization
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schematic
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innovative
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\/ Section Il Notes to Complex Sentences

Graphics serves as the common treaty between design and the manufacturing and construction
processes.

FIREAE BT S0 T A i e v e 5 24 2 Rl E A A

The ability to put forth a three-dimensional geometry in a form that can be communicated to
other engineers, scientists, technicians, and nontechnical personnel is a valuable asset.
AES HAL TR B2 5 RN R AEAERARN 51 LA—Fh ik 23 6] s AR 1) 7 kAT 28 1
X R RE ) —EAMERI E

Of equal importance is knowing how to read and understand the graphics prepared by others.
RV G 5 A N o 25 ) PRI AR [] A5 T

X E—AME 4] | F i knowing how. . . , of equal importance 1FE1# , B o4« HAG [RIFHEHE
BAET

Computer graphics utilizes the digital computer to define, manipulate, and display devices,
processes, and systems for the purpose of analysis, design, and communication of
engineering solutions.

HHEHLZ KA AR E L AR R R Bes G B R g8, H H A2 i B Al
AU TR ] AR AR IR A

ARA)RE—A R ] W5 142 define , manipulate and display 3 I3 ghin] | & AT 3L 6] ) 520
A devices , processes and systems.

Geometric modeling techniques, analysis techniques which are mathematically based, and
practice in visualization of three-dimensional geometries will be the focus of intensive
computer utilization.

VR LIBSA R FER ) U SRR 3 TR DL e = 4 JUAT 1E1E S 3007 4k 0 25 2T 5 23
BAL B L

Working in three dimensions with the computer, graphics will be produced easily in two- or

three-dimensional models depending upon the application.

ST AN = 4ERIE AR IEPrT ZARE o A i — il — 4R R A
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Translate the following into Chinese.

Engineering drawings are often referred to as “blueprints” or “bluelines. ” However, the
terms are rapidly becoming an anachronism, since most copies of engineering drawings that were
formerly made using a chemical-printing process that yielded graphics on blue-colored paper or,
alternatively, of blue-lines on white paper, have been superseded by more modern reproduction
processes that yield black or multicolour lines on white paper. The more generic term “print” is
now in common usage in the U. S. to mean any paper copy of an engineering drawing.

Engineering drawings can now be produced using computer technology. Drawings are
extracted from three dimensional computer models and can be printed as two dimensional drawings
on various media formats ( colour or monochrome ). Engineered computer models can also be
printed in three dimensional form using special 3D printers.

The process of producing engineering drawings, and the skill of producing them, is often

referred to as technical drawing, although technical drawings are also required for disciplines that

would not ordinarily be thought of as parts of engineering.

\/ Section V Supplementary Reading

An Overview of Engineering Drawing

Engineering drawings are often referred to as “blueprints” or “bluelines. ” However, the
terms are rapidly becoming an anachronism, since most copies of engineering drawings that were
formerly made using a chemical-printing process that yielded graphics on blue-colored paper or,
alternatively, of blue-lines on white paper, have been superseded by more modern reproduction
processes that yield black or multicolour lines on white paper. The more generic term “print” is
now in common usage in the U. S. to mean any paper copy of an engineering drawing.

Engineering drawings can now be produced using computer technology. Drawings are
extracted from three dimensional computer models and can be printed as two dimensional drawings

on various media formats ( colour or monochrome ). Engineered computer models can also be
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printed in three dimensional form using special 3D printers.

The process of producing engineering drawings, and the skill of producing them, is often
referred to as technical drawing, although technical drawings are also required for disciplines that
would not ordinarily be thought of as parts of engineering.

Drawings convey the following critical information.

(1) Geometry — the shape of the object; represented as views; how the object will look
when it is viewed from various standard directions, such as front, top, side, etc.

(2) Dimensions — the size of the object is captured in accepted units.

(3) Tolerances — the allowable variations for each dimension.

(4) Material — represents what the item is made of.

(5) Finish — specifies the surface quality of the item, functional or cosmetic. For example,
a mass-marketed product usually requires a much higher surface quality than, say, a component

that goes inside industrial machinery.
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Mechanical Parts

\\/ Section | Text

Gears

Gears are direct contact bodies, operating in pairs, that transmit motion and force from one
rotating shaft to another, or from a shaft to a slide (rack),by means of successively engaging
projections called teeth. '’

Tooth profiles The contacting surfaces of gear teeth must be aligned in such a way that the
drive is positive; i. e. , the load transmitted must not depend on frictional contact. As shown in the
treatment of direct contact bodies, this requires that the common normal to the surfaces not pass
through the pivotal axis of either the driver or the follower.

As it is known as direct contact bodies, cycloidal and involute profiles provide both a positive
drive and a uniform velocity ratio;i. e. ,conjugate action.

Basic relations The smaller of a gear pair is called the pinion and the larger is the gear.
When the pinion is on the driving shaft the pair acts as a speed reducer ; When the gear drives, the
pair is a speed increaser. Gears are more frequently used to reduce speed than to increase it.

If a gear having N teeth rotates at n revolutions per minute, the product N * n has the
dimension “teeth per minute. ” This product must be the same for both members of a mating pair
if each tooth acquires a partner from the mating gear as it passes through the region of tooth
engagement.

For conjugate gears of all types,the gear ratio and the speed ratio are both given by the ratio
of the number of teeth on the gear to the number of teeth on the pinion. If a gear has 100 teeth and
a mating pinion has 20, the ratio is 100/20 =5. Thus the pinion rotates five times as fast as the
gear ,regardless of the speed of the gear. Their point of tangency is called the pitch point,and since

it lies on the line of centers, it is the only point at which the tooth profiles have pure rolling
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contact. Gears on nonparallel,, non-intersecting shafts also have pitch circles, but the rolling-pitch-
circle concept is not valid.

Gear types are determined largely by the disposition of the shafts;in addition,certain types are
better suited than others for large speed changes. This means that if a specific disposition of the
shafts is required, the type of gear will more or less be fixed. On the other hand,if a required speed
change demands a certain type,the shaft positions will also be fixed.

Spur gears and helical gears A gear having tooth elements that are straight and parallel to
its axis is known as a spur gear. A spur pair can be used to connect parallel shafts only.

If an involute spur pinion were made of rubber and twisted uniformly so that the ends rotated
about the axis relative to one another,the elements of the teeth,initially straight and parallel to the
axis, would become helices. ' The pinion then in effect would become a helical gear.

Worm and bevel gears In order to achieve line contact and improve the load carrying
capacity of the crossed axis helical gears, the gear can be made to curve partially around the
pinion, in somewhat the same way that a nut envelops a screw. The result would be a
cylindrical worm and gear. Worms are also made in the shape of an hourglass, instead of
cylindrical, so that they partially envelop the gear. This results in a further increase in load-
carrying capacity.

Worm gears provide the simplest means of obtaining large ratios in a single pair. They are
usually less efficient than parallel-shaft gears,however,because of an additional sliding movement

along the teeth.

V-belt

The rayon and rubber V-belt are widely used for power transmission. Such belts are made in
two series ; the standard V-belt and the high capacity V-belt. The belts can be used with short center
distances and are made endless so that difficulty with splicing devices is avoided.

First, cost is low,and power output may be increased by operating several belts side by side.
All belts in the drive should stretch at the same rate in order to keep the load equally divided
among them. When one of the belts breaks, the group must usually be replaced. The drive may
be inclined at any angle with tight side either top or bottom. Since belts can operate on relatively
small pulleys, large reductions of speed in a single drive are possible.

Second, the included angle for the belt groove is usually from 34° to 38°. The wedging action
of the belt in the groove gives a large increase in the tractive force developed by the belt.

Third, pulley may be made of cast iron, sheet steel, or die-cast metal. Sufficient clearance
must be provided at the bottom of the groove to prevent the belt from bottoming as it becomes

narrower from wear. °' Sometimes the larger pulley is not grooved when it is possible to develop
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the required tractive force by running on the inner surface of the belt. The cost of cutting the
grooves is thereby eliminated. Pulleys are on the market that permit an adjustment in the width of
the groove. The effective pitch diameter of the pulley is thus varied, and moderate changes in the

speed ratio can be secured.

\\/ Section Il New Words and Phrases

}) projection [ pro'dzekfon ] n. s e ] ({
% cycloidal [ sai'kloidal | adj. 1BZH cycloid 24k H L4k ({
% cycloidal profile TR §
% involute ['invalust ] n. Wik %
2)) involute profile L PAES R %
}) conjugate [ 'kond3ugit ] adj.  HHHY ({
4 pinion [ 'pinjon | n. NS §
}) dimension n. w, RoF, 4k ({
) mate v. i C”
: a
% engagement n. ey ¢
}) tangency [ 'teendzonsi n. Fefh A0 %
}) pitch [ pitf] n. Wy, iR ({
% intersect [ inta'sekt ] V. A2 (t
% disposition [ dispa'zifon ] n. HEZ, BC &, A ({
% helical [ '"helikol ] adj.  BEHEIRIY helical gear MEHEL 46, Bk %
! i %
% spur [ spa:] n. $] spur gear 1E % %
} worm n R W :
) bevel [ 'beval] n FRLRIBHA bevel gear @I HTME
% hourglass [ 'auaglazs ] n. i §
% V-belt v A %
% splice [ splais ] n. i, BE %
}) pulley [ 'puli] n. (B ) % ({
% groove [gruzv] n. 1 %
-
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}) tractive [ 'traektiv] adji. #5109, LEIHY %
% clearance [ 'kliorons | n. (IR, VA ¢

)

[1]

[2]

%

\/ Section Il Notes to Complex Sentences

Gears are direct contact bodies, operating in pairs, that transmit motion and force from one
rotating shaft to another,or from a shaft to a slide (rack) ,by means of successively engaging
projections called teeth.

TS Bl SO AR B SR e A7 Bt W R IR G S AR TR, 4 e e iz 3l
I ATk e il 1 336 80 5 — A Tl Al e A — AR s B — i B (14 5%)

operating in pairs; 43R B HT I AY Gears,

that 55 H) A AEHG R TET Y Gears

by means of /R “fif B “i it A,

If an involute spur pinion were made of rubber and twisted uniformly so that the ends rotated
about the axis relative to one another, the elements of the teeth,initially straight and parallel to
the axis,would become helices.

BR — TR LA /A 8 2 FHAR B LAY | BB ST, DT — S5 23 58 75 — i A Al 6 £ 7
T i AE/ NS R IR K 2 IR AT TL shih, i 5 278 UR IO

TR ETER,

were made of ; “Hf -+ HI

so that 5|45 ARIE M),

parallel to; “F47F------ 7

Sufficient clearance must be provided at the bottom of the groove to prevent the belt from
bottoming as it becomes narrower from wear.

FEAT R 0 IS R 2 B A RS R TR B, LAORAIE VB AN iy 50 R 0% JEG R, DAL R T 44 A
JEAR AT BOR B

at the bottom of. .. “FE------ YRR o

prevent. . . from bottoming“ Bjj [FfilJiE” .
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\/ Section IV Exercise

Translate the following paragraphs.

A gear having tooth elements that are straight and parallel to its axis is known as a spur gear.
A spur pair can be used to connect parallel shafts only. Parallel shafts, however, can also be
connected by gears of another type, and a spur gear can be mated with a gear of a different type.
Helical gears have certain advantages; for example, when connecting parallel shafts they have a
higher load-carrying capacity than spur gears with the same tooth numbers and cut with the same
cutter. Helical gears can also be used to connect nonparallel, non-intersecting shafts at any angle
to one another. Ninety degrees is the most common angle at which such gears are used.

Worm gears provide the simplest means of obtaining large ratios in a single pair. They are
usually less efficient than parallel shaft gears, however, because of an additional sliding movement
along the teeth. Because of their similarity, the efficiency of a worm and gear depends on the

same factors as the efficiency of a screw.

\/ Section V Supplementary Reading

Chain

The first chain-driven or “safety” bicycle appeared in 1874, and chains were used for driving
the rear wheels on early automobiles. Today, as the result of modern design and production
methods, chain drives that are much superior to their prototypes are available, and these have
contributed greatly to the development of efficient agricultural machinery, well-drilling equipment,
and mining and construction machinery. Since about 1930 chain drives have become increasingly
popular, especially for power saws, motorcycle, and escalators, etc.

There are at least six types of power-transmission chains; three of these will be covered in
this article, namely the roller chain, the inverted tooth, or silent chain, and the bead chain. The
essential elements in a roller-chain drive are a chain with side plates, pins, bushings (sleeves),
and rollers, and two or more sprocket wheels with teeth that look like gear teeth. Roller chains are

assembled from pin links and roller links. A pin link consists of two side plates connected by two



i Lesson 7 Mechanical Parts ‘\/ 49/\

pins inserted into holes in the side plates. The pins fit tightly into the holes, forming what is
known as a press fit. A roller link consists of two side plates connected by two press-fitted
bushings, on which two hardened steel rollers are free to rotate. When assembled, the pins are a
free fit in the bushings and rotate slightly, relative to the bushings when the chain goes on and
leaves a sprocket.

Standard roller chains are available in single strands or in multiple strands. In the latter type,
two or more chains are joined by common pins that keep the rollers in the separate strands in
proper alignment. The speed ratio for a single drive should be limited to about 10:1; the preferred
shaft center distance is from 30 to 35 times the distance between the rollers and chain speeds
greater than about 2,500 feet (800 meters) per minute are not recommended. Where several
parallel shafts are to be driven without slip from a single shaft, roller chains are particularly well
suited.

An inverted tooth, or silent chain is essentially an assemblage of gear racks, each with two
teeth, pivotally connected to form a closed chain with the teeth on the inside, and meshing with
conjugate teeth on the sprocket wheels. The links are pin-connected flat steel plates usually having
straight-sided teeth with an included angle of 60 degrees. As many links are necessary to transmit
the power and are connected side by side. Compared with roller-chain drives, silent-chain drives
are quieter, operate successfully at higher speeds, and can transmit more load for the same width.
Some automobiles have silent-chain camshaft drives.

Bead chains provide an inexpensive and versatile means for connecting parallel or nonparallel
shafts when the speed and power transmitted are low. The sprocket wheels contain hemispherical
or conical recesses into which the beads fit. The chains look like key chains and are available in
plain carbon and stainless steel and also in the form of solid plastic beads molded on a cord. Bead
chains are used on computers, air conditioners, television tuners, and Venetian blinds. The

sprockets may be steel, die-cast zinc or aluminum, or molded nylon.



et owomoE L Lesson 8

Lathes and Lathe Operations

\\/ Section | Text

Lathes are generally considered to be the oldest machine tools. Although woodworking lathes
were originally developed during the period 1000 B. C. — 1 B. C. , metalworking lathes with lead
screws were not built until the late 1700s. The most common lathe was originally called an engine
lathe because it was powered with overhead pulleys and belts from nearby engines. Today these
lathes are equipped with individual electric motors.

Although simple and versatile, an engine lathe requires a skilled machinist because all
controls are manipulated by hand. Consequently, it is inefficient for repetitive operations and for

large production runs.

Lathe Components

Lathes are equipped with a variety of components and accessories. The basic components of a
common lathe are described below.

Bed. The bed supports all major components of the lathe. Beds have a large mass and are
rigidly built, usually from gray or nodular cast iron. The top portion of the bed has two ways,
with various cross-sections, that are hardened and machined for wear resistance and dimensional
accuracy during use.

Carriage. The carriage, or carriage assembly, slides along the ways and consists of an
assembly to the cross-slide, tool post, and apron. The cutting tool is mounted on the tool post,
usually with a compound rest that swivels for tool positioning and adjustment. The cross-slide
moves radially in and out, controlling the radial position of the cutting tool in operations such as
facing. "'’ The apron is equipped with mechanisms for both manual and mechanized movement of

the carriage and the cross-slide by means of the lead screw.
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Headstock. The headstock is fixed to the bed and is equipped with motors, pulleys, and V-
belts that supply power to the spindle at various rotational speeds. The speeds can be set through
manually-controlled selectors. Most headstocks are equipped with a set of gears, and some have
various drives to provide a continuously variable speed range to the spindle. Head-stocks have a
hollow spindle to which workholding devices, such as chucks and collets, are attached, and long
bars or tubing can be fed through for various turning operations.

Tailstock. The tailstock, which can slide along the ways and be clamped at any position,
supports the other end of the workpiece. It is equipped with a center that may be fixed ( dead
center) or may be free to rotate with the workpiece (live center). Drills and reamers can be
mounted on the tailstock quill (a hollow cylindrical part with a tapered hole) to drill axial holes in
the workpiece.

Feed rod and lead screw. The feed rod is powered by a set of gears from the headstock. It
rotates during the operation of the lathe and provides movement to the carriage and the cross-slide
by means of gears, a friction clutch, and a keyway along the length of the rod. ">’ Closing a split
nut around the lead screw engages it with the carriage; it is also used for cutting threads

accurately.

Lathe Specifications

A lathe is usually specified by (a) its swing, that is, the maximum diameter of the
workpiece that can be machined, (b) the maximum distance between the headstock and tailstock
centers, and (c) the length of the bed. For example, a lathe may have the following size:
360mm ( 14in. ) swing by 760mm (30 in. ) between centers by 1,830 mm (6ft) length of bed.
Lathes are available in a variety of styles and types of construction and power.

Bench lathes are placed on a workbench; they have low power, are usually operated by hand

feed, and are used to precision-machine small workpieces. '

Toolroom lathes have high
precision, enabling the machining of parts to close tolerances. Engine lathes are available in a
wide range of sizes and are used for a variety of turning operations. In gap bed lathes, a section of
the bed in front of the headstock can be removed to accommodate larger-diameter workpieces.
Special-purpose lathes are used for applications such as railroad wheels, gun barrels, and
rolling-mill rolls, with workpiece sizes as large as 1. 7m in diameter by 8m in length (66in. x
25ft. ) and capacities of 450 kw (600hp). The cost of engine lathes ranges from about $ 2,000

for bench types to over $ 100,000 for larger units.

Lathe Operations

In a typical turning operation, the workpiece is clamped by any one of the workholding
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devices. Long and slender parts should be supported by a steady rest and follow rest placed on the
bed; otherwise, the part will deflect under the cutting forces. "*' These rests are usually equipped
with three adjustable fingers or rollers, which support the workpiece while allowing it to rotate
freely. Steady rests are clamped directly on the ways of the lathe, whereas follow rests are
clamped on the carriage and travel with it.

The cutting tool, attached to the tool post, which is driven by the lead screw, removes
material by traveling along the bed. A right-hand tool travels toward the headstock, and a left-
hand tool toward the tailstock. Facing operations are done by moving the tool radially with the
cross-slide, and clamping the carriage for better dimensional accuracy.

Form tools are used to produce various shapes on round workpieces by turning. The tool
moves radially inward to machine the part. Machining by form cutting is not suitable for deep and
narrow grooves or sharp corners because they may cause vibration and result in poor surface
finish. ) As a rule, (a) the formed length should not be greater than about 2. 5 times the
minimum diameter of the part, (b) the cutting speed should be reduced from turning settings, and
(c¢) cutting fluids should be used.

The boring operation on a lathe is similar to turning. Boring is performed inside hollow
workpieces or in a hole made previously by drilling or other means. Out-of-shape holes can be
straightened by boring. The workpiece is held in a chuck or in some other suitable workholding
device. Drilling can be performed on a lathe by mounting the drill bit in a drill chuck into the
tailstock quill (a tubular shaft). The workpiece is placed in a workholder on the headstock, and
quill is advanced by rotating the hand wheel. "’ Holes drilled in this manner may not be concentric
because of the tendency for the drill to drift radially. The concentricity of the hole is improved by
subsequently boring the drilled hole. Drilled holes may be reamed on lathes in a manner similar to

drilling, thus improving hole tolerances.

\\/ Section I New Words and Phrases
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§
§
§
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% lathe [leid ] n. FIR ({
}) pulley [ 'puli] n. B4 e ({
% manipulate [ mo'nipjuleit] v (LML) B4, (WL S5 ) | 43 (y
% AOASETS 01535 1, K %



nodular
cross-section
carriage

mount

assembly

tool post
apron
compound rest
swivel

lead screw
deflect
headstock

hollow

tubing

spindle

chuck

collet

tailstock
tailstock quill
clamp
workpiece
reamer
cylindrical
feed rod
friction clutch
nut

thread
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[ 'modjula ]

[ 'keeridz ]

[ maunt |

[ a'sembli ]

[ 'eipron |

[ 'swivl ]

[ di'flekt |

[ 'hedstok ]
[ '"holou |

[ 'tjuzbip |

[ 'spindl ]

[ tfak]
[ 'kolit ]

[ 'teilstok ]

[ kleemp |

[ 'rizmo ]
[ si'lindrikl ]

[ 'frikfon Kklat[]

[ Ored ]

n.
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FEARAS KL

out-of-shape

) swing [ swip no RREBELEIR B KT v
% FEAE RS, IR fEfs %
4 in. #i} (inch WS ) ¢
j; ft. YR (feet BT ) %
!t (S L) T3 (1hp =745.7W)
% diameter [ dai'@mito | n. HR ¢
% bench lathe BRER %
z)) workbench [ 'warkbent ] n. THER, G ({
% precision-machine [pri'sizon-...] . KT G
% toolroom lathe T A% TAZFR E;
2)) close tolerance BN2E RS2 B %
4 engine lathe 3 4 R ¢
% gap bed lathe L4 R ((i
2)) slender [ 'slendo ] adj.  THRN, WO, KW %
% follow rest s RS ¢
! form tool BRI HUE 7] :
2)) groove [ gru:v] n. MAE v FFHET %
% cutting fluid VIEIW; ZLALUTE 0 ¢
| workholder o TR, TARCHPER ¢
% boring [ 'borrip ] n. (L) ({
) §
) §

\/ Section Il Notes to Complex Sentences

[1] The cutting tool is mounted on the tool post, usually with a compound rest that swivels for
tool positioning and adjustment. The cross-slide moves radially in and out, controlling the
radial position of the cutting tool in operations such as facing.

JIELZZHEAE TIHR b G R P BERE 52 4TI B8 LA T L5 7 AR R 1) 9 A AT AR [ 7%
BERZ Y, LAl DTN T rp (e s i) T B 1l
[2] It rotates during the operation of the lathe and provides movement to the carriage and the

cross-slide by means of gears, a friction clutch, and a keyway along the length of the rod.
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BELFFAE G RERVERS T LUBERE , ARG SE i 48— DB & S 1 — D AT A 42 it iz )
I LA ] AL

by means of %.‘fyg“ﬁﬁ ...... ;ﬁgfﬁ ...... .
e. g. Thoughts are expressed by means of words.
EARSEE FoRRIA,

Bench lathes are placed on a workbench; they have low power, are usually operated by hand
feed, and are used to precision-machine small workpieces.

BRERBAETAEG LT3R, @ % TR T, RRR I TN T A,

Long and slender parts should be supported by a steady rest and follow rest placed on the
bed; otherwise, the part will deflect under the cutting forces.

R — R E A S AL ALK b AR AR S R At e DI
T B %%

follow rest. R JJZ% .

The tool moves radialy inward to machine the part. Machining by form cutting is not suitable
for deep and narrow grooves or sharp corners because they may cause vibration and result in
poor surface finish.

JIE IR R S T2, I TIANIE & B .78 1 VRS I T 5802 80 A 6 Ao 12, oA
AN R 3l M-S 058 BAY 2 1 o 55 22

The workpiece is placed in a workholder on the headstock, and quill is advanced by rotating
the hand wheel.

BT TS B E 7 A b AR TR E RS A e m iz 3l

\\/ Section IV Exercise

Translate the following sentences.

1. Although simple and versatile, an engine lathe requires a skilled machinist because all

controls are manipulated by hand.

2. Head-stocks have a hollow spindle to which workholding devices, such as chucks and

collets, are attached, and long bars or tubing can be fed through for various turning operations.

3. Drilling can be performed on a lathe by mounting the drill bit in a drill chuck into the

tailstock quill (a tubular shaft).
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\/ Section V Supplementary Reading

Milling

Milling is a machining process for removing material by relative motion between a workpiece
and a rotating cutter having multiple cutting edges. In some applications, the workpiece is held
stationary while the rotating cutter is moved past it at a given feed rate ( traversed). In other
applications , both the workpiece and cutter are moved in relation to each other and in relation to
the milling machine. More frequently, however, the workpiece is advanced at a relatively low rate
of movement or feed to a milling cutter rotating at comparatively high speed, with the cutter axis
remaining in a fixed position. A characteristic feature of the milling process is that each milling
cutter tooth takes its share of the stock in the form of small individual chips. Milling operations are
performed on many different machines.

Since both the workpiece and cutter can be moved relative to one another, independently or
in combination, a wide variety of operations can be performed by milling. Applications include
the production of flat or contoured surfaces, slots, grooves, recesses, threads, and other
configurations.

Milling is one of the most universal, yet complicated machining methods. The process has
more variations in the kinds of machines used, workpiece movements, and types of tooling than
any other basic machining method. Important advantages of removing material by means of
milling include high stock removal rates, the capability of producing relatively smooth surface
finishes, and the wide variety of cutting tools that are available. Cutting edges of the tools can be
shaped to form any complex surface.

The major milling methods are peripheral and face milling; in addition, a number of related
methods exist that are variations of these two methods, depending upon the type of workpiece or

cutter.



