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1 Basic Concepts in Mechanics

The 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 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 journal bearing becomes too
high, it will squeeze outl 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 mechanics we are principally interested in determining
the magnitude, direction, and location of the forces.

Some of the terms used in mechanics are defined below.

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

Mass is a measure of the quantity of matter that a body or an object
contains. The mass of the body is not dependent on gravity and therefore is
different from but proportional to its weight. Thus, a moon rock has a certain
constant amount of substance, even though its moon weight is different from its
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earth weight. This constant amount of substance is called the mass of the rock.

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

Weight is the force with which a body is attracted to the earth or another
celestial body, equal to the product of the object’s mass and the acceleration of
gravity.

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

Rigid Body A rigid body does not change size and or shape under the
action of forces. Actually, 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. A rigid body is an idealization of
a real body.

Deformable Body The rigid body assumption cannot be used when
intemal 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 of Motion Newton’s three laws are:

Law 1 If all the forces acting on a body are balanced, the body 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 body are not balanced, the body will
experience an acceleration. The acceleration will be in the direction of the
resultant force, and the magnitude of the acceleration will be proportional to
the magnitude of the resultant force and inversely proportional to the mass of
the body.

Law 3 The forces of action and reaction between interacting bodies are
equal in magnitude, opposite in direction, and have the same line of action.

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
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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

statics [ 'stzetiks] 7. #H2% BILRE

dynamics [dai'nemiks] n. shh%, B, A0
i.e. BEEE,B1( = that is)

mating ('meitin] n.;a. B4R . KEW),HEE)
mating surface #i& 3Ril, B4 K, EAME

e.g. #lm( = for example)

gear [gio] n. thit, (5155 E

shaft Ua:ft] n.

meshing [ 'mefip] n. W&, w4, stk

bearing [ ‘beorin] n. $i7% , X &, &R

lever ['li:vom%'levo] n. F4F, BBYMT, FH5, 5F
pulley [‘puli] n. ¥, K5

cam [kem] n. ™% R0, B85, 548, BER
magnitude [ 'megnitiu:d] n. /b, R BB, Bl
compose [ kom'pouz] v. G, WK

journal bearing [sli:v]n. ¥shih,shFHE
squeeze [ skwi:z] v. FIE, B4 n. Ef,HE
squeeze out ¥, FE i

flaking [ 'fleikin] n. W), XEHE,ER; 0. HHEH
spall [spo:1] v. ¥, % 3T8, 2% B n. B BEK
intuitive [in’quitiv] a. B3, 26800, RAEH
inherent [ in’hioront] a. EHRY, A, REER
surmise [ so:'maiz] v. #8,f&, #H

nevertheless [ inevodo’les] ad. ; conj. REMt, BR--- B, R
inertia [i'no: fio] n. 1%, MR, H#, RiEzh
celestial [ si’lestjal ] @. KRy

celestial body X &



incapable [in'keipobl] a. JG8EA7HY, REERY, TN, BB A
deformation [ di:fo: ‘meifon] n. 7,5, i, K5
deformable [di'fo:mebl] @. AIAHH, NAER

acceleration [ skselo’reifon] n. s, INEEE {258, Dok
resultant [ri'zaltont] a. &89, 4449, B, n. 7,48
scalar [ 'skeilo] n. ;a. ¥ (1) 5FR(H)

vector [ 'vekto] n. %Ki, HE

displacement [ dis'pleismont | n. %

velocity [vi'lositi] n. #HE

moment [ 'moumont] . 58

momentum [ mou'mentsm] 7. 38



2 Simple Stress and Strain

In any engineering structure the individual components or members will be
subjected to extemnal forces arising from the service conditions or environment
in which the component works. If the component or member is in equilibrium,
the resultant of the external forces will be zero but, nevertheless, they together
place a load on the member which tends to deform that member and which must
be reacted by internal forces set up within the material.

There are a number of different ways in which load can be applied to a
member. Loads may be classified with respect to time:

(a) A static load is a gradually applied load for which equilibrium is
reached in a relatively short time.

(b) A sustained load is a load that is constant over a long period of time,
such as the weight of a structure. This type of load is treated in the same
manner as a static load; however, for some materials and conditions of
temperature and stress, the resistance to failure may be different under short
time loading and under sustained loading.

(c) An impact load is a rapidly applied load (an energy load) . Vibration
normally results from an impact load, and equilibrium is not established until
the vibration is eliminated, usually by natural damping forces.

(d) A repeated load is a load that is applied and removed many thousands
of times. -

(e) A fatigue or altemating load is a load whose magnitude and sign are
changed with time.

It has been noted above that external force applied to a body in
equilibrium is reacted by intemal forces set up within the material. If,
therefore, a bar is subjected to a uniform tension or compression, i.e. a force,
which is uniformly applied across the cross-section, then the intemal forces set
up are also distributed uniformly and the bar is said to be subjected to a
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uniform normal stress, the stress being defined as

stress(a)=%=f (2.1)
Stress ¢ may thus be compressive or tensile depending on the nature of
the load and will be measured in units of newtons per square meter (N/m*) or
multiples of this.
If a bar is subjected to an axial load, and hence a stress, the bar will
change in length. If the bar has an original length L and changes in length by
an amount 6L, the strain produced is defined as follows:

stmin(e)=co—ha."‘.gw @:% (2.2)

Strain is thus a measure of the deformation of the material and is
non-dimensional, 1.e. it has no units; it is simply a matio of two quantities
with the same unit. '

Since, in practice, the extensions of materials under load are very small,
it is often convenient to measure the strains in the form of strain x 10795, i.e.
microstrain, when the symbol used becomes = .

Tensile stresses and strains are considered positive in sense. Compressive
stresses and strains are considered negative in sense. Thus a negative strain
produces a decrease in length.

A material is said to be elastic if it retuns to its original, unloaded
dimensions when load is removed. A particular form of elasticity which applies
to a large range of engineering materials, at least over part of their load range,
produces deformations which are proportional to the loads producing them.
Since loads are proportional to the stresses they produce and deformations are
proportional to_the strains, this also implies that, whilst materials are elastic,
stress is proportional to strain. Hooke’s law therefore states that

stress (6) oc strain (€) (2.3)

This law is obeyed within certain limits by most ferrous alloys and it can
even be assumed to apply to other engineering materials such as concrete,
timber and non-ferrous alloys with reasonable accuracy.

Whilst a material is elastic the deformation produced by any load will be
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completely recovered when the load is removed; there is no permanent
deformation.

Within the elastic limits of materials, i.e. within the limits in which
Hooke’s law applies, it has been shown that

stress _
wtrain = constant (2.4)

This constant is given the symbol £ and termed the modulus of elasticity
or Young’s modulus. Thus

E=Stres _ o (2.5)

" strain €

Young’s modulus E is generally assumed to be the same in tension or
compression and for most engineering materials has a high numercal value.
Typically, E = 200 x 10° N/m® for steel, so that it will be chserved from
Eq. (2.5) that strains are normally very small.

In most common engineering applications strains rarely exceed 0.1% .
The actual value of Young’s modulus for any material is normally determined by
carrying out a standard test on a specimen of the material.

Words and Expressions

service condition {5 FIRSL , (6 444
component [ kom’pounont] n. ¥4, M
equilibrium [ ,i: kwi'libriom] n. V-4, %
internal force ;3 /1

sustained load % (MihnfY ) 8, FeE i
resistance [ ri'zistons ] n. &3, B, HH
impact load b7

vibration [ vai'breifon] n. 1z

eliminate [ i'limineit | v. HER, ¥BR, B &
damping force /2

repeated load & & %

fatigue load 53587

alternating load &7 $47i



uniform [ 'ju:nif>:m] a. #5H

tension [ ‘tenfon] n. Ry Rifd;v. Hf
compression [ kom’prefon] n. EJ1,ES
stress [stres] n. B

strain [strein] n. R

multiple [ 'maltipl] . 3
non-dimensional [ 'nondi’menforol] . TRAR
extension [iks'tenfon] n. {hi&, Bk, EH
microstrain [ imaikrou’strein] n. $(R3E
sense [sens] m. Ji[

elastic [i'lestik] a. M#te0

elesticity [iles'tsiti] n. ¥

ferrous [‘ferss] a. By, &Y

ferrous alloy %44 , REASREE

concrete [ 'konkri:t] n. {B¥+
permanent [ 'po:monont] a. KK, AR
specimen [’spesimon) n. &fF, 554, #5



3 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 concemed 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 inciudes 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 amm 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 nommal 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.

A nigid body is in static equilibrium if:

(1) The vector sum of all forces acting upon it is zero.

-(2) The sum of the moments of all the forces acting about any single axis
is zero.

Mathematically these two statements are expressed as



