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INTRODUCTION

Illustrate the effects that constraints have on the performance of a dynamic mechanical system.

e Energy and work:
o The principle of conservation of energy and work-energy transfer in systems.
o Linear and angular velocity and acceleration.
o Velocity and acceleration diagrams of planar mechanisms.
o Gyroscopic motion.

GUIDANCE
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1.3  Work Done and power transmitted by a constant torque

Figure 1 shows a pulley wheel of radius r metres attached to a shaft and a force F Newton’s applied to the
rim at point P.

Figure 1 Pulley Wheel

Figure 1(b) shows the pulley wheel having turned through an angle 6 ra
applied. The force moves through a distance s, where arc length
Work done = force X distance moved by the force =F X rf =
Work Done = TO joules

Average power = work done/time taken = =T 6/time t
However, (angle 0) / (time taken) = angular velocity,

the force F being

t, Fris the torque T, so,

Power = Tw watts (Eq 1)

Angular velocity, w = 2ntn rad/s where n is th

P = 2nnT watts (Eq 2)

Sometimes power is in units of horsepowe rsepower = 745.7 watts

[ Worked Example 1 ]

A motor connecte of 5 kN m. Determine the number of revolutions made by

e/Torque
x 10% / 5000 = 1800 rad.

Angular displacem
Hence, Angular displac
But 2mrad =1 rev., he

No of revs made by the shaft = 1800/2r = 286.5 revs

1.4  Power transmission and efficiency

A common and simple method of transmitting power from one shaft to another is by means of a belt passing
over pulley wheels which are keyed to the shafts, as shown in Figure 2. Typical applications

include an electric motor driving a lathe or a drill, and an engine driving a pump or generator.
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For a belt to transmit power between two pulleys there must be a difference in tensions in the belt on either
side of the driving and driven pulleys. For the direction of rotation shown in Fig 2 >F1. The torque T
available at the driving wheel to do work is given by:

T =(F2—F1) rx (N m) and the available power P is given by:
P =Tw = (F2 — F1) rxwx (Watts)

The linear velocity of a point on the driver wheel is vx = rxwx
Similarly, the linear velocity of a point on the driven wheel, vy
Assuming no slipping, vx = vy and therefore, rxwx = rywy
Hence ry(2mny) = ry (2rtny) from which,

rx/ry = ny/ny

Percentage efficiency = useful work output / energ
efficiency = power output / power input X 1
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2  Linear and angular motion.

2.1 Linear and Angular velocity

Linear velocity v is defined as the rate of change of linear displacement s with respect to time t, and for
motion in a straight line:

Linear velocity = change of displacement / change of time i.e. v=s/t (ms™) (Eq 3)

Angular velocity is defined as the rate of change of angular displacement 6, with respect to time t, and for
an object rotating about a fixed axis at a constant speed:

Angular velocity = angle turned through / time taken i.e. w = 8/t (rads-1) (Eq 4)

An object rotating at a constant speed of n revolutions per second subtends an angle of 2nin radians in one
second.

Hence, its angular velocity, w = 2ntn rads™

From s (arc length) = r (radius) 0 (angle) and w =0/t
s=rwt or s/t=wr and v=s/t

Hence, V=wr

This equation gives the relationship between linear velocity, v and ang elo

2.2 Linear and Angular acceleration
Linear acceleration, a, is defined as the rate of change of i
whose linear velocity is increasing uniformly:

respect to time. For an object

linear acceleration = change of linear velocity/time (Eq 7)

The unit of linear acceleration is metres per se

Rewriting equation (Eq 7) with v, as the subj

V2 = Vi +at (Eq 8)

where v, = final velocity and v1 = initial veloc

Angular acceleration, a, is define i ange of angular velocity with respect to time. For an
object whose angular velocity is i idguniformly:

Angular acceleratio time takeni.e. a = (w2 — w1)/t (Eq 9)

The unit of angul ion i : ar second squared (rad/s?). Rewriting equation (Eq 9) with w> as
the subject of t i

w2 =wi+aot (Eq 10)

d w1 = initial angular velocity. From equation (Eq 6), v = wr. For motion
in a circle having a constant radidi$’r, vo = war and vi = w1r, hence equation (Eq 9) can be rewritten as:
a=(war-war)/t=r(w

But from equation (Eq 9), (w2 - w1)/t =a, Hencea=ra (Eq 11)

2.3 Relative Velocity
Quantities used in engineering and science can be divided into two groups:

Scalar quantities have a size or magnitude only and need no other information to specify them. Thus 20
centimetres, 5 seconds, 3 litres and 4 kilograms are all examples of scalar quantities.
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