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❑ We need to describe the motion of rigid bodies for two important reasons.

❖ First, we frequently need to generate, transmit, or control certain motions by the

use of cams, gears, and linkages of various types.

❖ Second, we must often determine the motion of a rigid body caused by the

forces applied to it.

❑ This chapter covers the kinematics of rigid-body motion which may be

analyzed as occurring in a single plane.

❑ In Chapter 7 we will present an introduction to the kinematics of motion

in three dimensions.
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❑ A rigid body:

❖ A system of particles for which the distances between the particles remain

unchanged.

❖ If the movements associated with the changes in shape are very small

compared with the movements of the body as a whole, then the assumption of

rigidity is usually acceptab
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❑ A rigid body executes plane motion when all parts of the body move in

parallel planes.

❑ For convenience, we generally consider the plane of motion to be the

plane which contains the mass center, and we treat the body as a thin

slab whose motion is confined to the plane of the slab.

❑ This idealization adequately describes a very large category of rigid-

body motions encountered in engineering.
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❖ Translation

❖ Rotation

❖ General plane motion
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❑ The rotation of a rigid body is described by its angular motion.

❖ All lines on a rigid body in its plane of motion have the same angular

displacement, the same angular velocity, and the same angular acceleration
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❖ For rotation with constant angular acceleration:
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❑ Using the cross-product relationship
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❖ We now develop the approach of absolute-motion analysis to describe the

plane kinematics of rigid bodies.

❖ In this approach, we make use of the geometric relations which define the

configuration of the body involved and then proceed to take the time

derivatives of the defi ning geometric relations to obtain velocities and

accelerations.

❖ The absolute-motion approach to rigid-body kinematics is quite

straightforward, provided the configuration lends itself to a geometric

description which is not overly complex. If the geometric configuration is

awkward or complex, analysis by the principles of relative motion may be

preferable.
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❑ The principles of relative motion:
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❑ We can solve the problem by choosing a unique reference point which

momentarily has zero velocity.

❑ As far as velocities are concerned, the body may be considered to be in

pure rotation about an axis, normal to the plane of motion, passing

through this point.

❑ This axis is called the instantaneous axis of zero velocity, and the

intersection of this axis with the plane of motion is known as the

instantaneous center of zero velocity.
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❑ The relative-acceleration equation:
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❑ The absolute position vector of A:
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❖ Transformation of the time derivative of the position vector between rotating

and nonrotating axes:
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