Lesson 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.

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.

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 (sece
Fig.1.1), 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. For example, if the force operating

on"" a journal bearing becomes too high, it

will squeeze out the oil film and cause metal ‘ ‘ _

to metal contacts overheating, and rapid Figure 1.1 Two shafts carrying gears in mesh
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 spalling of the metal, noise, 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 concerning forces arose because of our desire to push, lift, or
pull various objects. So force is the action of one body 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.

Couple Two equal and opposite forces acting along two non-coincident 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 (see Fig.1.2). The only effect of a couple is to produce a
rotation or tendency of rotation in a specified direction. .

Mass 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
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moon weight is different from its earth weight. This constant amount of substance is called

the mass of the rock.

Figure 1.2 Common examples of couples

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

Weight 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 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 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 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 mass. Vector quantities, on the other hand,
possess direction as well as magnitude. Examples of vectors are displacement, velocity,

acceleration, force, moment, and momentum.
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