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Unit One

I. Reading and Comprehension

THE $CIENCE OF MECHANICS

That branch of scientific analysis which deals with motions, time 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 sys-
tems which change with time.

As shown in Fig. 1 dynamics is also made up of two major disciplines, first recognized
as separate entities by Euler in 1775.

The investigation of the motion of a rigid body may be conveniently separated into two
parts, the one geometrical. the other mechanical. In the first part. the transference of the
body from a given position to any other position must be investigated without respect to the
causes of the motion. and must be represented by analytical formulae, which will define the
position of each point of the body. This investigation will therefore be referable solely to ge-
ometry, or rather to stereotomy.

It is clear that by the separation of this part of the question from the other, which be-
longs properly to Mechanics, the determination of the motion from dynamical principles will
be made much easier than if the two parts were undertaken conjointly.

These two aspects of dynamics were later recognized as the distinct sciences of kinemat-
ics (from the Greek word kinema, meaning motion) and kfnetics, and deal with motion and

the forces producing it, respectively.

THEORY OF MACHINES AND MECHANISMS

]

{
L Statics ] L Dynamicg__]
1

1 1
L Kinematicsj L Kinetics ]

Figure 1—1




The initial problem in the design of a mechanical system is therefore understanding its
kinematics. Kinematics is the study of motion, quite apart from the froces which produce
that motion. More particularly, kinematics is the study of position, displacement, rotation,
speed, velocity, and acceleration, The study, say, of planetary or orbital motion is also a
problem in kinematics.

It should be carefully noted in the above quotation that Euler based his separation of dy-
namics into kinematics and kinetics on the assumption that they should deal with rigid bod-
ies. It is this very important assumption that allows the two to be treated separately. For
flexible bodies, the shapes of the bodies themselves, and therefore their motions, depend on
the forces exerted on them. In this situation, the study of force and motion must take place
simultaneously, thus significantly increasing the complexity of the analysis.

Fortunately, although all real machine parts are flexible to some degree, machines are
usually designed from relatively rigid materials, keeping part deflections to a minimum.
Therefore, it is common practice to assume that deffections are negligible and parts are rigid
when analyzing a machine’s kinematic performance, and then, after the dynamic analysis
when loads are known, to design the parts so that this assumption is justifled.

From Theory of Machines and Mechanisms by Shigley. J. E

New Words

statics /'staetiks/ n. Ik
dymamics /dai'nemiks/ =. Bh 1%
stationary /'steifonori/ a. i 8 i)
rigid /'ridzid/ a. | ki)
stereotomy /\stiori'otomi/ n. LR IEAR
conjointly /'kond3ointli/ aedv. A
kinematics / kaini'mastiks/ 5. BB
kinetics /kai'netiks/ n. ¥
rotation /rou'teifon/ . TEs%
velocity /vi'lositi/ n. H B
deflection /di'flekfon/ n. oy

negligible /'neglidzabl/ a. BILLABE

Reading Comprehension

Decide whether each of the following statements is true or false.
1. Dynamics and statics deal with the same systems. ( )

2. The investigation of the motion of a rigid body may be divided into the geometrical part
. 2 L]



and the mechanical part. ( )

3. It is made as easy to determine the motion from dynamical principlgs by dividing the two
parts as by associéting the two parts. ( ) .

4. Kinematics and kinetics stem from the two aspects of dynamics. ( )

5. In the design of a mechanical system, it is essential to have a good knowledge of its kine-
matics. ( ).

6. In dealing with flexible bodies, the study of force and motion can be treated separately.
( )

7. All real machine parts are made of rigid materials. Machines are usually designed from

relatively rigid materials. ( ).

Comprehension questions

1. What is mechanics?

2: What is statics? )

‘3. What is dynamics?

4. What are the two parts that make up dynamics? Why do we separate the two parts? And
what are these two parts called later?

5. What is Kinematics?

6. What did Euler base his separation of dynamics into kinematics and kinetics on? And
why?

7. Why can we assume that the machine parts are rigid although all real machine parts are

flexible to some extent?

II. Reading and Practice

Read the following Passage and do the exercises
THE SIMPLE MACHINES.

Figure 1—2 shows three arrangements of a straight lever; in each case f is the fulcrum;
P the effort, applied at &3 and W the load, applied at c. When the lever is balanced or in e-

quilibrium , the tendency of P to turn the lever about f in one direction must be balanced by

~ the tendency of W to rotate the lever in the opposite direction. Neglecting friction at the ful-

crum, this relation can be expressed mathematically as .
PXbf=WXcf D)

which states that the applied effort multiplied by the distance to the fulerum on one side is e-.

qual to the same product on the other side. From this can be derived a quantity known as the

mechanical advantage, which is equal to the load divided by the effort:



w_tf (2)
P cf

In Figure 1—2A, if bf/cf = 3, it means that a load W of 30 pounds, for example, can be
balanced by an effort P of 10 pounds. If P exceeds this value slightly, the bar will rotate

about f with P moving farther and faster than W by the ratio of &f to ¢f, the velocity ratio,

mechanical advantage =

which again is the mechanical advantage, neglecting friction. Obviously, the shorter the dis-
tance between f and ¢ the greater the force-amplifying ability of the lever, and the shorter
the distance ¢ will move for a given movement of 5.

The arrangement if figure 1 — 2 A is found on pliers and scissors , while that in figure
1—2B is found on wheelbarrows; f represents the wheel, W the load, and P the effort exert-
ed on the handles by the operator. In figure 1—2C the lever functions as a motion-multiply-
ing device. It is used on foot treadles for driving some small machines. A small movement of

the foot at b produces a larger movement at c.

r
fixed
block —

shaft T

movable
block

Figure 1—2 Simple machines.
(A—C) Straight lever arrangements. (D) Wheel
and axle. (E) Pulley and blocks (see text).

The wheel and azle shown in figure 1— 2D operates basically on a leverage principle.
The wheel A, of radius R, and the axle B, of radius r, are fastened to the shaft, which can
rotate. The effort P is applied by means of a cord lying in a groove on the periphery of the
wheel, and the load W is raised by a cord wrapped around the axle. When the axle is station-
ary, the tendencies of P and W to cause rotation are equal and opposite. Neglecting bearing
friction, the product of the effort P and the wheel radius R is equal to the product of the load

W and the axle radius r.

PXR=W Xr.
. 4.
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The mechanical advantage is again equal to W/P, which is equal to the ratio of the radius of
the wheel R to the radius of the axle r.

The situation is similar to that for the lever. A lever. however, can move a load for only
short distances, while the wheel and axle can move the lead for a distance limited only by the
available lengths of the cords.

With the wheel A and cord replaced by a spoked wheel, the wheel and axle is well suited
for raising buckets of water from a well. More importantly, however. the wheel-and-axle
principle is perceptible in many tools and machines. On a screwdriver, for example, the force
applied by the hand on a large radius is converted 10 a larger force on the screw at a smaller
radius.

The pulley is one of the most useful of the basic simple machines. It consists essentially
of a wheel with a grooved rim carrying a flexible cord and supported in either a fixed or a
movable bearing block. When used singly with a fixed bearing block, like pulley A in figure
1-~2E, a downward pull creates an upward force of the same magnitude. In figure 1 —2E
this pulley and one with a movable block B are combined. If friction is neglected, the tension
P in the cord is the same at all points, and consequently a given downward pull on the loose
end of the cord will lift twice as much as the weight at W, and the weight W will move half
as far as the cord. The mechanical advantage is therefore two. Mechanical advantages
greater than two can be obtained by using a variety of combinations of pulleys having both
fixed and moving blocks. Such an arrangement, known as a block and tackle, is basically a
force-amplifying device.

From The New Encyclopaedia Britannica, Vol. 11. 15th, ed., 1974

New Words

lever /Miive/ n.
fulcrum /'falkrem/ n.

equilibrium /,i;kwi'libriom/ 2.

rotate /rou'teit/ wv. ]
friction /'frikfon/ =. B8 f5

derive /di'raiv/ w. g KE

amplify /'eemplifai/ wv. K ‘
pliers /'plaiaz/ n. (&) E R

wheelbarrow /'wiil,baerau/ n. (M) FHE

exert /ig'zait/ w. R Ay

treadle /'tredl/ n. B

axle /'aksl/ n. | ot

radius /'reidjes/ =n. Fi2



shaft /fa:ift/ n. FF. 8

groove /gruiv/ n. .8
periphery /pa'rifari/ n. (E a9 7 E
spoke /spsuk/ w©. _ Zheeen % b
perceptible /pa'septabl/ a. AN
screwdriver /'skru:draiva/ n. e

convert /kan'vait/ w. AR

pulley /'puli/ n. g

rim /rim/ n. il

magnitude /'meegnitju:d/ »n. K EE
tackle /'tzekl/ =. HE

1. Use of Language

Exercise A

Choose the best answer for each of the following.

1. When the lever is in equilibrium, the effort to turn the lever about the fulcrum must be

a.
b.
c.

d.

to the weight to rotate the lever in the  direction.
opposite /opposite
opposite /equal
equal /opposite

equal/same

2. The mechanical advantage equals

a.
b.
c.

d.

the load

the effort

the.load divided by the effort
the effort divided by the load

3. The shorter the distance between the greater the force amplifying ability of the

lever.

a.

C.

fand W b. fand ¢
cand b , d. Wandf{

4. In the example of a wheelbarrow as an arrangement of levers, f, W and P respectively

represent

a.
b.
c.
d.

the effort, the load and wheel
the load, wheel and effort

the wheel, the load and effort
the wheel, the effort and load

5. A small force at the foot treadles in figure 1—1 ¢ can generate

a.

¢ G

an equal movement b. a smaller movement

&

[



c. a greater movement " d. an opposite movement
6. In the case of the wheel and axle, the tendencies of P and W to cause rotation are
when the axle is stationary.
a. unequal and opposite
b. unequal and go in the same direction
c. equal and go in the same direction
d. equal and go in the opposite direction .
7. In the light of the leverage principle,
a. when the effort is applied farther from the fulcrum than the resistance, the effort is
smaller than the resistance
b. when the effort is applied nearer the fulcrum than the resistance » the effort is smaller
than the resistance
c. when the effort is applied farther from the fulcrum than the resistance, the effort is
larger than the resistance
d. when the effort is applied nearer the fulcrum than the resistance, the effort is the same
as the resistance
8. As far as a movable pulley is concerned, the hand by exerting a force of 50 pounds can lift

a load of if friction is neglected.

a. 50 pounds b. 100 pounds
¢. 150 pounds d. 200 pounds
Exercise B

Choose the word or phrase from Column B that best matches one in Column A.

A B
a. fulcrum a. turn
b. in equilibrium b. combinations of pulleys
c. derive c. obtain
d. rotate d. use
e. exert e. noticeable
f. perceptible f. the support of a lever
g. magnitude g. balanced
h. neglect " h. speed
i. a block i. greatness of size ’
k. velocity k. pay no attention
Exercise C .

Fill in the blanks with the English translation of the Chinese given in the brackets. You
should add something where necessary to make them grammatically correct.

I A given downward pull on the loose end of the cord will lift

. ) LAY



(W15 ) the weight at W.

2. I we increase the force (P4 f%), we increase the acceleration
().
3. The total area of the factory is (73f%) that factory.
4. This pipe is . (K 94rZ —) that pipe.
5. Mercury (B+ V465 water.
6. Since the forces acting upon the two gear wheels are equal, the torque will, for the larg-
er gear wheel, . CKZ=1%) the small one.
Exercise D

Fill in the blanks with suitable words.

Whenever we try to move anything we encounter a 1 which we call friction.
Friction can be found (2) pushing a book on a table. Friction is ever present, and in
all types of machines it causes a (3) of force. But friction is not always a  (4)
We could not walk or run if it were (5) for friction. (6) friction we could
not drive an automobile on a level road or up a hill. A railroad locomotive depends on the

friction 7 the rails and the driving wheels to pull the train. Force could not

be (&) by means of belting and pulleys without friction. Friction can be classified
(9) such kinds as starting friction, sliding {riction or rolling friction. Sliding fric-

tion can be reduced by keeping the sliding surfaces ao

2. Guided Writing

Definition (I)

Definitions are a very important writing skill for science students to know. They are fre-
quently used by scientists, engineers and technicians 10 define ideas, concepts, laws, sub-
stances or objects in scientific writings.

A definition usually has two parts. The first part is the class or category consisting of
items which can be grouped together because of their resemblance or characteristics. The
second part is the trait of the defined item which distinguishes it from other members of the
class. Take for example the definition of the word “lever”; “A lever is a bar that is used for
lifting or moving something heavy or stiff. ” Here the first part is “a bar”that tells you which
class the lever belongs to. The fact that “it is used for lifting or moving something heavy or

stiff” differentiates the lever from any other bars. It is the second part,

Stage 1
Fill in the blanks with the given words so as to complete each statement as a definition.

a generator a motor a compressor
e 8.



