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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

Purpose

Conveys new material to you in a straightforward fashion. To support the treatments
in this section you are strongly advised to follow the given hyperlinks, which may be
useful documents or applications on the web.

Theory

The examples/worked examples are presen i C ilding order. Make
sure you follow them all through. If you are i
treat an example as a question, in which case co
of the examples given resemble assignme
follow them through diligently.

Example

Questions should not be avoided if y@ ed to learn. Please do take the
time to tackle each of the give i i Jer in which they are presented.

Challenge

very useful supplements to your distance learning efforts.

Video ’
o(s) will help you then it will be hyperlinked at the appropriate

g 0 oeh

Wherever an o
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1 Dynamics of Rotating Systems

1.1  Machines
A machine is a device that can change the magnitude or line of action, or both magnitude and line of action
of a force. A simple machine usually amplifies an input force, called the effort, to give a larger output force,
called the load. Some typical examples of simple machines include pulley systems, screw jacks, gear systems
and lever systems.

The force ratio (F.) or mechanical advantage is defined as the ratio of load to effort, shown in Eq.1. Since
both load and effort are measured in newtons, F;. is a dimension-less quantity.

F,. = load/effort (Eq.1)

The movement ratio or velocity ratio is defined as the ratio of the distan y the effort to the
distance moved by the load, demonstrated by Eq.2. Since the : ator are both

M, = deffort/dload_

The efficiency, 1, of a simple machine is defined as the ratio
usually expressed as a percentage, shown in Eq.3:

n = (F./M,) x

the movement ratio. It is

[ Worked Example 1 ]

A simple machine raises a load of 160 kg ce of 1.6 m. The effort applied to the machine is

.8ms~?, determine the force ratio, movement

From Eq.1:
t'= (160 x 9.8)/200 = 7.84
From Eq.2:
M; = deffort/dioaa = 16/1.6 = 10
From Eq.3:

n = (F,/M,) x 100 = (7.84/10) x 100 = 78.4%
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2. Belt Drive Dynamics

Understand flat and v-section belts; limiting coefficient friction; limiting slack and tight side tensions; initial
tension requirements; maximum power transmitted

[ Theory Revision ]

Consider the basic belt drive arrangement in Figure 1.

Slack side

in this arrangement...

D4, D,

I, I

W1, W2

0,,0, ended to centre of pulley by contact length of belt with pulley surface)
Ty, Ty tight side and slack side, respectively

S Belt length which does not touch the pulleys

Cc Distance between pulley centres

V3 Linear belt velocity

Many formulae may be derived for such a pulley system, but the most important ones are:
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Belt lap angles for pulleys

9, = 180° — 2 sin~* {2222} (Eq.4)
9, = 180° + 2 sin~* {2222} (Eq.5)

Power transmitted by the system

P=T,(1-e ") (Eq.6)

W is the coefficient of friction between the belt and the pulley

Belt pitch length

(D;—D1)?

L =2C +157(D, — Dy) + =

Span length

ANSWERS
a) The beltlap an e pulleys are given by equations Eq.4 and Eq.5:
o __4(D2—D o I 0.5—-0.3 0
191 = 180° — 2 sin {T} = 180° — 2 sin {W} =160.8
0 .1 D2 _Dl 0 .1 05_03 0
192 = 180° + 2 sin T = 180° + 2 sin W =199.2

b) The power transmitted by the system is given by equation Eq.6:

P=T(1—e ")
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where: -
v=rw=(0.25)(40) = 10 m.s~ ¢
The angle 01 is expressed in degrees in part (a) but we must convert this to radians to be compatible with

equation Eq.6:

T
160.8° = (160.8 X @) — 2.81rad

P=T,(1—-e ") =1500(1 — e~ ©)Z8)(10) = 8.54 kW
c) The belt pitch length is given by equation Eq.7:

(D, = Dy)?
4C

L=2C+157(D,—D,) + =2(0.6) + 1.57(0.5 — 0.3) +

d) Pulley system span length is given by equation Eq.8:

2
S=\/C2—[#] =\/o.eZ—

Additional worked examples are available in the eBooks se
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3. Friction Clutches

Understand flat single and multi-plate clutches; conical clutches; coefficient of friction; spring force
requirements; maximum power transmitted by constant wear and constant pressure theories; validity of
theories

[ Theory Revision ]

Consider the friction clutch shown in Figure 2.

Driving shaft Driven shaft

Axial
movement to

where:
N
T
Pmax ressure for the friction surface
1 between rubbing surfaces
T, external radius of friction plate
T internal radius of friction plate

The axial clamping force (W) is given by Eq.10:

2T
W = MN(T—O—Ti) (Eq.10)
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