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Lesson 1
Basic Concepts in 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 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 connecting 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 conceming forces arose because of our
desire to push, lift, or pull various objects. So force is the action of one
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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 matter 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 amount 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 quantity—the metre 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 accepted technical name for two physical quantities. However,
for generations the term “weight” has been used in both technical and
nontechnical 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
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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.

Deformable Body The rigid-body assumption cannot 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:

Law 1 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 come
into existence; these forces have the same magnitudes and opposite

senses, and they act along the straight line common to the two particles.
Words and Expressions

statics [ 'stzetiks] n. BH% , BIERE

dynamics [dai'nemiks] n. 3%, RKshh,shhftk
mating ['meiti] 7. ;a. R4 (#),BEW),HEH)
mating surface W& %K @,EBEA4RE

gear [gio] n. tifs, A fEhEE

meshing [ 'mefin] n. W4, %4, 8E

bearing ['beorip] n. $i&, X &, &K

lever ['livo 5%'leva] n. #L#F, BT, FH,18F
pulley ['puli] n. Wi, E#5 BHE



cam [kem] n. M R0, BR,BE K

compose [ kom'pouz] v. @, K

sleeve [sliv]n. £# %, HE. S0

sleeve bearing % f&j # /&

squeeze [skwiz] v. HE ,E%;n. B, HE

squeeze out # [k, [E i

flaking ['fleikin] n. WK REH%, ER;a. HHEH
spall [spol] v. Ml %1, 478, 3% Wik n. BH BH

arise [o'raiz] (arose, arisen) v. B4 =4, M}, 25, XE
matter [ 'meto] n. YH, LK

nevertheless [ inevodo'les] ad. ;conj. REWMME, BHR (B E R
inertia [i'nofia] n. fR#E, MR, Ri% 5

SI unit = standard international unit 7% & 5 247 41
incapable [in’keipobl] a. FERES 8, REERY, T, T V8 M 1
deformation [ difo:' meifon] n. T, Hh, N AF
deformable [di'fomebl] a. ATy, HEH

elastic [i'lestik] a. M¥Eay, 5 WA, H B E Y
acceleration [ zk selo’reifon] n. T BE , i 2 B (AL {2 3, fin bR
resultant [ri'zaltont] a. AN EEH,88; n. 40,48
sense [sens] m.;v. B KW, BF.HH

common to Y- it A

Reading Material ;

Mechanics

Mechanics is that branch of physical science which deals with the

state of rest or motion of bodies under the action of forces. No one subject

plays a greater role in engineering analysis than does mechanics. The

early history of this subject is synonymous with the very beginnings of

engineering. Modern research and development in the fields of vibrations,
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stability and strength of structures and machines, robotics, rocket and
spacecraft design, automatic control, engine performance, fluid flow,
electrical machines and apparatus, and molecular, atomic, and subatomic
behavior are highly dependent upon the basic principles of mechanics. A
thorough understanding of this subject is an essential prerequisite for work
in these and many other fields.

Mechanics is the oldest of the physical sciences. The earliest
recorded writings in this field are those of Archimedes (287 ~212 B.C.)
which concern the principle of the lever and the principle of buoyancy.
Substantial progress awaited the formulation of the laws of vector
combination of forces by Stevinus (1548 ~ 1620), who also formulated
most of the principles of statics. The first investigation of a dynamic
problem is credited to Galileo (1564 ~ 1642) in connection with his
experiments with falling stones. The accurate formulation of the.laws of
motion, as well as the law of gravitation, was made by Newton (1642 ~
1727), who also conceived the idea of the infinitesimal in mathematical
analysis. Substantial contributions to the development of mechanics were
also made by da Vinci, Varignon, Euler, D’Alembert, Lagrange,
Laplace, and others.

The principles of mechanics as a science embody the rigor of
mathematics upon which they are highly dependent. Thus mathematics
plays an important role in achieving the purpose of engineering
mechanics, which is the application of these principles to the solution of
practical problems. The basic principles of mechanics are relatively few in
number, but they have exceedingly wide application, and the methods
employed in mechanics carry over into many fields of engineering
endeavor.

The subject of mechanics is logically divided into two parts: statics,
which concerns the equilibrium of bodies under the action of forces, and
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dynamics, which concerns the motion of bodies.

Certain concepts and definitions are basic to the study of mechanics,
and they should be understood at the outset.

Space is the geometric region occupied by bodies whose positions are
described by linear and angular measurements relative to a coordinate
system. For three-dimensional problems our space will require three
independent coordinates. For two-dimensional problems only two
coordinates will be required.

Time is the measure of the succession of events and is a basic
quantity in dynamics. Time is not directly involved in the analysis of
statics problems.

Mass is a measure of the inertia of a body, which is its resistance to
a change of velocity. Of more importance to us in statics, mass is also the
property of every body by which it experiences mutual attraction to other
bodies.

Force is the action of one body on another. A force tends to move a
body in the direction of its action. The action of a force is characterized
by its magnitude, by the direction of its action, and by its point of
application. Force is a vector quantity.

Particle A body of negligible dimensions is called a particle. In the
mathematical sense a particle is a body whose dimensions approach zero so
that it may be analyzed as a point mass. Also, when the dimensions of a
body are irrelevant to the description of its position or the action of forces
applied to it, the body may be treated as a particle.

Rigid Body A body is considered rigid when the relative movements
between its parts are negligible for the purpose at hand. For instance, the
calculation of the tension in the cable which supports the boom of a
mobile crane under load is essentially unaffected by the small internal
strains ( deformations) in the structural members of the boom. For the
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purpose, then, of determining the external forces which act on the boom,
we may treat it as a rigid body. Statics deals primarily with the calculation
of external forces which act on rigid bodies which are in equilibrium. To
determine the internal stresses and strains, the deformation characteristics
of the boom material would have to be analyzed. This type of analysis
belongs in the study of the mechanics of deformable bodies, which comes
after the study of statics.

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 1n 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.
Words and Expressions

physical [ 'fizikal] a. #&#, AH 6, KERH, WIEH, BRK

physical science B F}%

synonymous [ si'nonimas] a. R X #,EEH

be synonymous with M 1 M [7] 35, - BB XF M B —HF#)

vibration [vai'breifon] n. %3, %

stability [sto'biliti] n. THRE, Bt BE

strength [strenp] n. 38,17

robotics [ rou’botiks] r. #L2§ A HLEABA

rocket [ 'okit] n. k&, k&R

spacecraft [ 'speiskraft] n. F8 WM, 5 [ €ATEE

subatomic [ 'saba’tomik] a. WRTH, B FHE, LETENY

prerequisite [ 'pri;’rekwizit] a. SERFMM, LB . BTE, ERFM

buoyancy [ 'boiensi] n.#H

substantial [sob'stenfal] a. WEK, LHEMN . EE0, AEAMED; 0.
LRMERT, EEXS



await [o'weit] v. Z&, %%

vector ['vekta] n. K& ,H&

gravitation [ greevi'teifon] n. 3|7, & H,3I A

law of gravitation T & 3| 1 &’

conceive [ kon'siv] v. 148 81,4 485, F%, 8
infinitesimal [ /infini’tesimol ] a. X35/, BRBUNG; 0. T/
embody [im'bodi] v. Hikfk, k8, @ W&, &

rigor ['rigo] n. %, R EE

exceedingly [ik’sidinli] ad. 3E# 4% 3L, 4% B 1, 7R
endeavor [in'deva] n.;v. &4, R4, 7E,RE
equilibrium [ ikwi’'libriom] r. ¥4 CRE, ¥, L)

outset ['autset] n. FFk,FFth, &M

at the outset %4y, %%, —

geometric [ d3is'metrik] a. JL{A#, JLAEEH

coordinate [kou'o:dinit] n. &%, BIRE I a. LATE, T E 1
mutual ['mjutjusl] a. HER, LR

mutual attraction #E 7% 5]

irrelevant [i'relivont] a. ®EREH, FAHTH, RAhEH
tension ['tenfon] n. #J7, By, I Rl v ML HE
boom [bum] n. BT, EBEFF;v. ;n. &5, NE, B
crane [krein] n. BEH, R %E,FBRIRE

mobile crane #zhiXEEH

stress [stres] n. [ A1, ZHRE EA;v. B 55, MES
strain [strein] n. W35, 5%, 8 E

characteristic [ keriksto'ristik] a. %11, 564 10, BRIEH
scalar [’skeilo] n.;a. BB (H), FEH)

displacement [ dis'pleismont] n. 1% %541, B3, B, A%
moment [ 'moument] n. f14E,54E

momentum [ mou’mentsm] n. B, b



Lesson 2
Forces and Moments

When a number of bodies are connected together to form a group or
system, the forces of action and reaction between any two of the
connecting bodies are called constraint forces. These forces constrain the
bodies to behave in a specific manner. Forces external to this system of
bodies are called applied forces.

Electric, magnetic, and gravitational forces are examples of forces
that may be applied without actual physical contact. A great many, if not
most, of the forces with which we shall be concemned occur through direct
physical or mechanical contact.

Force F is a vector. The characteristics of a force are its
magnitude, its direction, and its point of application. The direction of a
force includes the concept of a line, along which the force is directed,
and a sense. Thus, a force is directed positively or negatively along a line
of action.

Two equal and opposite forces acting along two noncoincident
parallel straight lines in a body cannot be combined to obtain a single
resultant force. Any two such forces acting on a body constitute a couple.
The arm of the couple is the perpendicular distance between their lines of
action, and the plane of the couple is the plane containing the two lines of
action.

The moment of a couple is another vector M directed normal to the
plane of the couple; the sense of M is in accordance with the right-hand
rule for rotation. The magnitude of the moment is the product of the arm
of the couple and the magnitude of one of the forces.
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