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Unit One

Part One Text
General Considerations

The word machine has been given a wide variety of definitions, but for the purpose of
this article it is a device, having a unique purpose, that augments or replaces human or animal
effort for the accomplishment of physical tasks. Tools may be regarded as the simplest class of
machines. The operation of a machine may involve the transformation of chemical, thermal,
electrical,, or nuclear energy into mechanical energy, or vice versa, or its function may simply
be to modify and transmit forces and motions. All machines have an input, an output, and a
transforming or modifying and transmitting device .

Machines that receive their input energy from a natural source, such as air currents,
moving water, coal, petroleum, or uranium, and transform it into mechanical energy are
known as prime movers. Windmills, waterwheels, turbines, steam engines, and internal-
combustion engines are prime movers. In these machines the inputs vary; the outputs are usu-
ally rotating shafts capable of being used as inputs to other machines, such as electric genera-
tors, hydraulic pumps, or air compressors. All three of the latter devices may be classified as
generators;; their outputs of electrical, hydraulic, and pneumatic energy can be used as inputs
to electric, hydraulic, or air motors. These motors can be used to drive machines with a vari-
ety of outputs, such as materials processing, packaging, or conveying machinery. All ma-
chines that are neither prime movers and generators, nor motors may be classified as opera-
tors. This category also includes manually operated instruments of all kinds, such as calculat-
ing machines and typewriters.

If the operator is a pump driven by an electric motor, the flow of energy from the prime
mover at the power plant through the generator and motor to the operator is as shown in Fig.1.

electric
natural energy | Prime | mechanical generator hydraulic motor | mechanical operator |physical
—_— e
i or energy task
(air.water.coal. | mover energy .
petroleum. pneumatic

uranium) ? energy T
|
|
|

mechanical energy

Fig. 1 Flow of energy in machines
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The operator can also be driven directly by a small, direct-connected prime mover, such as a
gasoline engine, as shown by the dotted line in Figure 1; for most power-driven operators,
however, the flow of energy from the prime mover follows the solid lines.

In some cases, machines in all categories are combined in one unit. In a diesel-electric
locomotive, for example, the diesel engine is the prime mover, which drives the electric gen-
erator, which, in turn, supplies electric current to the motors that drive the wheels.

The following are some examples supplied by an automobile.

In an automobile, the basic problem is harnessing the explosive effect of gasoline to pro-
vide power to rotate the rear wheels. The explosion of the gasoline in the cylinders pushes the
pistons down, and the transmission and modification of this translator (linear) motion to rota-
ry motion of the crankshaft is effected by the connecting rods that join each piston to the
cranks that are part of the crankshaft. The piston, cylinder, crank, and connecting rod combi-
nation is known as slider-crank mechanism; it is a commonly used method of converting trans-
lation to rotation (as in an engine) or rotation to translation (as in a pump) .

To admit the gasoline-air mixture to the cylinders and exhaust the burned gases, valves
are used; these are opened and closed by the wedging action of cams (projections) on a rotat-
ing camshaft that is driven from the crankshaft by gears or a chain.

In a four-stroke-cycle engine with eight cylinders, the crankshaft receives an impulse at
some point along its length every quarter revolution. To smooth out the effect of these inter-
mittent impulses on the speed of the crankshaft, a flywheel is used. This is a heavy wheel, at-
tached to the crankshaft, which by its inertia opposes and moderates any speed fluctuations .

Since the torque (tumning force) that it delivers depends on its speed, an internal-com-
bustion engine cannot be started under load. To enable an automobile engine to be started in
an unloaded state and then connected to the wheels without stalling, a clutch and a transmis-
sion are necessary. The former makes and breaks the connection between the crankshaft and
the transmission, while the latter changes, in finite steps the ratio between the input and out-
put speeds and torques of the transmission. In low gear, the output speed is low and the output
torque higher than the engine torque, so that the car can be started moving; in high gear, the
car is moving at a substantial speed and the torques and speeds are equal.

The axles to which the wheels are attached are contained in the rear axle housing, which
is clamped to the rear springs, and are driven from the transmission by the drive shaft. As the
car moves and the springs flex in response to bumps in the road, the housing moves relative to
the transmission; to permit this movement without interfering with the transmission of torque,
a universal joint is attached to each end of the drive shaft.

The drive shaft is perpendicular to the rear axles. The right-angled connection is usually
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made with bevel gears having a ratio such that the axles rotate at from one-third to one-fourth
the speed of the drive shaft. The rear axle housing also holds the differential gears that permit
both rear wheels to be driven from the same source and to rotate at different speeds when turn-
ing a comner.

Like all moving mechanical devices, automobiles cannot escape from the effects of fric-
tion. In the engine, transmission, rear axle housing, and all bearings, friction is undesirable,
since it increases the power required from the engine; lubrication reduces but does not elimi-
nate this friction. On the other hand, friction between the tires and the road and in the brake
shoes makes traction and braking possible. The belts that drive the fan, generator, and other
accessories are friction-dependent devices. Friction is also useful in the operation of the
clutch. Some of the devices cited above, and others that are described below, are found in
machines of all categories, assembled in a multitude of ways to perform all kinds of physical
tasks. Because of this diversity of function and the lack of common characteristics, this article
will not be concerned with specific operators. Neither will it deal with the overall performance
of prime movers, nor with the operation of hydraulic, pneumatic, or electrical devices. It will
consider only the operation and structure of the basic mechanical devices that are the constitu-
ent parts of machines. The function of most of these devices is to transmit and modify force
and motion. Other devices, such as springs, flywheels, shafts, and fasteners, perform sup-
plementary functions.

For the purposes of this article a machine may be further defined as a device consisting of
two or more resistant, relatively constrained parts that may serve to transmit and modify force
and motion in order to do work. The requirement that the parts of a machine be resistant im-
plies that they be capable of carrying imposed loads without failure or loss of function. Al-
though most machine parts are solid metallic bodies of suitable proportions, nonmetallic mate-
rials, springs, fluid pressure organs, and tension organs such as belts are also employed.

The most distinctive characteristic of a machine is that the parts are interconnected and
guided in such a way that their motions relative to one another are constrained. Relative to the
block, for example, the piston of a reciprocating engine is constrained by the cylinder to move
on a straight path; points on the crankshaft are constrained by the main bearings to move on
circular paths; no other forms of relative motion are possible.

On some machines the parts are only partially constrained. If the parts are interconnected
by springs or friction members, the paths of the parts relative to one another may be fixed, but
the motions of the parts may be affected by the stiffness of the springs, friction, and the mass-
es of the parts.

If all the parts of a machine are comparatively rigid members whose deflections under
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load are negligible, then the constraint may be considered complete and the relative motions of
the parts can be studied without considering the forces that produce them. For a specified rota-
tional speed of the crankshaft of a reciprocating engine, for example, the corresponding speeds
of points on the connecting rod and the piston can be calculated. The determination of the dis-
placements, velocities, and accelerations of the parts of a machine for a prescribed input mo-
tion is the subject matter of kinematics of machines. Such calculations can be made without
considering the forces involved, because the motions are constrained. _

According to the definition, both forces and motions are transmitted and modified in a
machine. The way in which the parts of a machine are interconnected and guided to produce a
required output motion from a given input motion is known as the mechanism of the machine .
The piston, connecting rod, and crankshaft in a reciprocating engine constitute a mechanism
for changing the rectilinear motion of the piston into the rotary motion of the crankshaft.

Although both forces and motions are involved in the operation of machines, the primary
function of a machine may be either the amplification of force or the modification of motion.
A lever is essentially a force increaser, while a gearbox is most often used as a speed reducer.
The motions and forces in a machine are inseparable, however, and are always in an inverse
ratio. The output force on a lever is greater than the input force, but the output motion is less
than the input motion. Similarly the output speed of a gear reducer is less than the input
speed, but the output torque is greater than the input torque. In the first case a gain in force is
accompanied by a loss in motion, while in the second case a loss in motion is accompanied by
a gain in torque.

Although the primary function of some machines can be identified, it would be difficult
to classify all machines as either force or motion modifiers; some machines belong in both cat-
egories. All machines, however, must perform a motion-modifying function, since if the par-
ts of a mechanical device do not move; it is a structure, not a machine. It is customary for
machinery designers, when studying the motions of the parts, to speak of the mechanism of a
machine.

While all machines have a mechanism, and consequently perform a motion-modifying
function, some machines do not have a planned force-modifying purpose; the forces that exist
are caused by friction and the inertia of the moving masses and do not appear as a useful out-
put effort. This group would include measuring instruments and clocks.

Vocabulary

a (wide) variety of BREHN; ZREHEN
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for the purpose of Xifeeee il s AT e AL

every quarter revolution ¥ 174 B, R EPRIE

by inertia S R By

under load EAERBRERT EMRMERT
without stalling AB(fE R Bk fFFE WK K
make and break BeS0ERESUN

in finite steps oL ;43 TR

in low gear TEARE RS

at a substantial speed LA ; e i B

drive shaft Fghih; & shih

in a multitude of ways LR T ISR R

a multitude of HEH

subject matter bt R ; ¥ e

force increaser e a BB xR

(be)in an inverse ratio U L

Notes and expressions

1. The word machine has been given a wide variety of definitions, but for the purpose of this
article it is a device, having a unique purpose, that augments or replaces human or animal
effort for the accomplishment of physical tasks.

Plas—idA SR ARAE L, BRA TS ISR A & —FARMEE, fER
B NBB IR SE A 11 37 AT IS

2. If the operator is a pump driven by an electric motor, the flow of energy from the prime
mover at the power plant through the generator and motor to the operator is as shown in
Figure 1.

WRTAEPLR— & B ESIPLRE AR, MR WA A 1 Fia, A [Raiigk
LA R B LI B AL,

FE e m) e, from . through 1 to 5| B8 = /MEIEE E B i 17 flow, i at the power
plant {&1ffi the prime mover, power plant: X/

3. The piston, cylinder, crank and connecting rod combination is known as slider-crank
mechanism.

16 2 L B A S O — 1, BR N AR — IR SR
piston ,cylinder .crank F1 connecting rod f& combination ) % 15 , B XX I T4 H 4

A
Bo
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4. ---these are opened and closed by the wedging action of cams ( projections) on a rotating
camshaft that is driven from the crankshaft by gears or a chain.
------ WRITH TS A0S H , 2 o il ol o th 40 B R R R B T SR B B R, Pl e
i Hh B RO (DR ) RBLALERIESE B
from the crankshaft 7~ 3K 30 8B B J1 KI5, by the gears or a chain /R 3h /1%
Hi 7, P A ER R driven HRRIE
5. This is a heavy wheel, attached to the crankshaft, which by its inertia opposes and moder-
ated any speed fluctuations.
KRB MRENR T, 5 ihRhE R, (8B R ORAEN -V i B 33
by its inertia JEARTE , B BT 1893115 opposes Al moderates Z A1,
6. The right-angle connection is usually made with bevel gears having a ratio such that the ax-
les rotate at from one-third to one-fourth the speed of the drive shaft.
L H P — e R S R R SC DL L A B, (78 BB LSRRl Y 1/3 B 1/4 1Y
R ERE
such B4 B T 19 ratio, JLJGH that 5| F— 45 R ARIE . a ratio such that- A
X X5 such a ratio that---—#f,
7. The belts that drive the fan, generator, and other accessories are friction-dependent devic-
es.
Wah A & BRI B IR & AR sl SR R AR B R T AR E
Friction-dependent devices 7] 3 X devices that are dependent on friction,
8. The most distinctive characteristic of a machine is that the parts are interconnected and
guided in such a way that their motions relative to one another are constrained.
HLRE B 2 W E SR AR ) B R 3 3% 2 1) 58 3, (S 48 B4 2Z [B] i) A X 52 30 32 2
w4,
in such a way that 5| L5 RARE M A], TR “ T ML HI 7 EE ABOXBIRERES R
9. If all the parts of a machine are comparatively rigid members whose deflections under load
are negligible, then the constraint may be considered complete and the relative motions of
the parts can be studied without considering the forces that produce them.
RPN T A B R AT RItE A, BB RE &4 T 2T 0] 2 0%
Ait, WAl BIA KN R BT AW, B, XA KX 2 s TR A B E
BRI HCERH) W,
10. For a specified rotational speed of the crankshaft of a reciprocating engine, the corre-
sponding speeds of points on the connecting rod and the piston can be calculated.
it T B 2 & S B B B R, BRI L AT AT 2 B A B AR R
HEE
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Part Two Reading Comprehension

1. What is work

People generally consider work to be done when force is applied. However, from a sci-
entific point of view, work is done only if the applied force produces motion. From this point
of view, no work is done if a force, no matter how large, is applied to an immovable object.

As we have seen, when we consider a force, we must also take into consideration the di-
rection in which it is applied. So also when we think of work, we must consider the force and
the distance that the force moves the body.

You can readily see that if you tried to raise a 100-pound stone two feet, you would have
to do more work than if you were to raise it one foot. Work, then, is measured by the product
of the force (in pounds) and the distance (in feet) through which motion takes place in the di-
rection of the force. The unit of work, accordingly, is the foot-pound.

To raise the stone one foot would require 100 foot-pounds of work (100 x 1 = 100 foot-
pounds) . To raise it two feet, you must perform 200 foot-pounds of work (100 x 2 = 200
foot-pounds) . By the same token, you would need 200 foot-pounds of work to raise a 200
pounds weight one foot (200 x 1 =200 foot-pounds) .

1. In scientific terms, .

a. work is done when great force is applied to an object
. work is done when force is applied to a movable object
. work is done when force is applied and motion is produced
. work is done when the applied force is large
2. Which of the following example shows no work is done?
a. A strong man pushes a building
b. A girl kicks a ball
c. An old man throws up an apple
d. A woman lifts up her baby
3. We determine how much work isdone _ .
a. by measuring the distance through which body is moved by the force applied
b. by measuring the force which is applied to a movable object
c. by multiplying the force applied and the distance covered
d. by finding out the direction in which force is applied and an object is moved
4. What amount of work is required to push a 30-pound object ten feet?
a. 300 foot-pounds of work

a 6 o
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b. 30 foot-pounds of work
¢. 60 foot-pounds of work
d. 150 foot-pounds of work
5. The word “accordingly” can be replaced by
a. therefore
b. however
. moreover
d. similarly
2. Definition and its units of work

We have learned that forces may be exerted without producing motion. From the point of
view of mechanics, no work is done. If, however, forces result in motion, we say that work
is done.

Here we find that the term “work” has been given by science a somewhat more limited
meaning than that to which we have been accustomed. We ordinarily think of work as exertion
of any kind. When man tries to lift a heavy load, he exerts a great deal of force. But from the
scientific point of view he does not work unless he actually moves the heavy load. In order to
accomplish work, a force must be exerted and must result in movement over a measurable dis-
tance. The amount of work done by force acting on an object is equal to the amount of the
force multiplied by the distance the object is moved.

Since work involves both force and distance, it is natural for us to expect that the units in
which work is measured must express both force and distance. The more commonly used units
of work are the gram-centimeter, kilogram-meter in the metric system and the foot-pound in
the English system. It is desirable to use large units for the measurement of large quantities and
small units for small quantities. Thus we find it convenient to express the weight of a load of
coal in tons instead of ounces, and the length of a nail in inches instead of miles.

1. We learn from the passage

a. how work involves both force and distance
b. how work is done when force is applied
c. why there are different systems of the units of work
d. why work is measured in either the foot-pound or the kilometer
2. Which of the following will the author agree with ?
a. ordinary people give a broader meaning to the term “work” than scientists do
b. scientists believe that work is done when the applied force produces vertical mo-
tion
c. a science student should know that force necessarily means work
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d. scientists and ordinary people think of work in a different way because they refer to
different kinds of force

3. It is suggested in the passage that

no motion may be produced when force is applied

motion is produced when force is applied

motion must result from force

. force must result in motion

e can conclude from the passage that

we’ d better use the foot-pound in English speaking countries

. we’d better use the foot-pound only in Britain

we’d better use the meter instead of the foot to measure distance
d. we’ d better use the ton instead of the pound to measure the weight of steel

5. The pronoun “it” in Line 6 of the last paragraph refers to

a. the weight
b. a load of coat
c. coal
d. the infinitive clause headed by “to express”

3. Mechanical energy

We have learned that energy is the capacity, which “makes things move their position or
change their form” and how machines use energy by changing weak forces operating through
longer distances into strong forces operating through shorter distances.

This energy which machines make use of is known as mechanical energy. Through ma-
chinery energy expresses itself in motion, and mechanical energy may be thought of as the en-
ergy of motion. Any moving object, whether it is a lever, a pulley, a wheel and axle, pos-
sesses the energy of motion, which we call kinetic energy. We call it “kinetic” because the
word comes from a Greek word meaning “to move” .

Not all mechanical energy, however, is kinetic energy. If you pull up a weight with a
pulley and hold it in mid-air, the weight has a kind of mechanical energy even though it is not
moving. It has stored energy, which may be released if the weight falls to the ground. Such
stored mechanical energy is called potential energy, the work “potential” coming from a Latin
word which means “having power” .

Potential energy, though not so obvious as kinetic energy, exists in many things . There is
potential energy in a clock spring after it has been wound, energy which is slowly released to
turn the hands of the clock. There is potential energy in gas, which is rapidly released when
the gas burns. Notice that when potential energy is released it is turned into kinetic energy; it
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