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Aims 
The aims of this Unit arc 

To work through the preliminary atages in the analysis of mechanisms 
identifying the working parta, representing their connections, and 
determining their location at any inataat during their motion. 
To revisc some basic geometry, in particular the solution of triangler, by 
drawing and by calculation 

Aftm working through this Unit you should be able to: 
Distinguish between true and falac statements about the tenns and 
concepts listed in the Glossary (SAQ 3 and revision cxmisg at the end 
of each Seaion). 

Recognize and classify t y p  of plane motion of moving rigid bodies 
(SAQ 2). 
Calculate plane motion properties such as linear and angular displace- 
ment, path length and total distance travelled (SA@ 4.5). 

Recognize kiematic chains of links and draw line diagrams of them 
(SAQs 6, 8, 9, 10). 
Enumerate and dwribe the links and pain of coupled links in a 
kinematic chain (SAQs 7, 8). 

Locate a point or straight line by drawing and by calculation using a 
location proadure (SAQs 11, 1 2  14, 15, 16, 18). 
Usc a calculator to find trigonometric quantities (SAQ 13). 

Calculate small-scale deformations (SAQ 17). 



Introduction 
In the course of our everyday lives we use mechanisms of various kinds. 
We turn keys in locks, flick switches, pull levers, press buttons, push 
pedals, drop coins in slots, rotate dials, and expect things to happen. We 
take it for granted that things will work, often without asking how or why 
they work. For most people, the insides of 'machines' such as door locks, 
car engines, typewriters, sewing machines, lawn mowers and vacuum 
cleaners are something of a puzzle. 

The workings of machines which produce such products seem even more 
remote. Yet the growth of the industrialized society in which we now live 
was made possible by the invention and production of such devices which 
could either do tasks previously beyond our physical capabilities, or could 
do them faster. Our bewilderment at the number and complexity of 
manufactured products is matched by our reliance on their effective 
functioning. The provision of necessities of life has become largely a 
mechanical operation. For example, without the combine harvester and 
the tractor and its implements, about 75% of the population of this 
country would still have to work on the land in order to provide sufficient 
food for us all. 

No matter what we do, we depend directly or indirectly on manufactured 
products - from engines of all kinds to a simple labour-saving device like a 
mechanical egg whisk from bridges and tower blocks to tables and chairs. 
In this course we shall be looking at the common principles which govern 
the design of the engineering products to be found around us. 

Traditionally the subject area of engineering solid mechanics has been 
divided into two areas - roughly speaking the study of objects that 'go', i t .  
machines. and the study of objects that do not 'go', i.e. structures. Put 
another way, the engineering mechanics of solids is about inducing the 
required motion of solid objects, or about preventing the unrequired 
motion of solid objects. The dividing line between machines and structures 
is not that sharp, however, and it is the common element between the two - 
their motion or lack of motion - which is the substance of engineering 
solid mechanics. In these first two Units of the course I shall be dealing 
almost exclusively with machines and the ways of classifying machines in 
terms of their motion. Later Units will treat the principles of structures. 

The first step in trying to make sense of the vast range of different sorts of 
manufactured objects is to isolate and identify the significant 'working 
parts' or components. The chief advantage in considering a mechanical 
device in terms of its components is that while there may be an infinite 
number of possible devices which can perform various tasks, the number 
of different components which make up the devices is surprisingly small. In 
machines, for example, you will find gears, levers, pulleys, linkages, cams, 
springs and a few more components, but not many more. Different 
machines are designed using different combinations of these basic compo- 
nents, assembled in different ways. 

However, recogn~zing the components of a machine is only part of the 
process. We must also be able to specify the motion of the components 
when they are assembled. By recognizing the interacting behaviour of the 
components. you can work out the functioning of the machine, the first 
step in the design of a machine to produce a required function. Opening 
the back of a mechanical wristwatch reveals an intricate machine, but if 
you take it  apart you will find that, in addition to a couple of springs, 
it consists mostly of different sized gear wheels. Now if you understand 
what kind of motion is possible between a pair of gear wheels, you can 
find out how the watch works (in principle!), and possibly design a more 
accurate one. 



In Unit 1 you will be introduced to the types of motion which are possible 
for individual solid bodies, and how the motion is constrained when the 
bodies are connected in various ways. One way of studying the effect of 
connecting objects is to take a machine to pieces and try to put it back 
together, or perhaps build a scale model. However, there are other types of 
'modelliig' we could use apart from physical ones. A drawing which shows 
the working parts of the machine is also a model. Indeed, a sketch 
representation - either on paper or a computer display screen - is often 
one of the first activities an engineer undertakes in order to visualize a 
particular problem. Thus in Unit 1 you will also be learning to recognize 
simple line drawings of machines and become familiar with the conven- 
tions employed. Moreover, by drawing such sketches to scale with 
sufficient care it is often possible to locate and analyse the motion of the 
component parts of a machine with considerable accuracy and without the 
need to resort to elaborate calculations. This type of problem-solving 
activity through drawing relies on a basic familiarity with simple geo- 
metric constructions, which are reviewed in the Unit. 

The Unit then will take you through the preliminary stages in the detailed 
analysis of a machine, namely: (a) recognizing the component parts and 
the manner in which their motion is constrained; (b) drawing a simpli- 
fied sketch to a convention which illustrates the types of connections; 
(C) drawing a scaled version of the device in order to locate any point 
on it. 



Fiaure I Section view of internal combustion engine 

F i m r r  2 Main moving parrs of internal combustion engine 
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1 Component parts and their types of 
motion 

Look at the section of an internal combustion engine shown in Figure 1. 
This is a longitudinal section of a six-cylinder car engine. Three pistons can 
be seen, one of which is itself sectioned; the other three are omitted to show 
other components. 

In order to 'see' how an engine works, however, simpler drawings are 
helpful. In Figure 2, the main moving parts for one cylinder of a four- 
cylinder engine are shown and labelled. The principles of operation are 
now easier to imagine, although following the likely motions of the 
individual components may still prove difficult because the way in which 
some components are connected is not always clear. 

Question: Make a list of the main moving parts in Figure 2. 

Answer: Piston, connecting rod, crankshaft, timing chain, camshaft, 
push rods (2). rocker arms (2), valves (2),  valve springs (2),  
tappets (2). 

A further simplification is shown in Figure 3. Here the 'heart' of the engine, 
wnsisting of the crank, connecting rod, piston and cylinder, is illustrated 
in a diagrammatic form. The detailed shapes of the wmponents are 
omitted from the drawing. The emphasis is entirely on indicating the FiRure mechonirm 
motion of the component parts and showing the types of connections 
between components. 

Question: Describe the operation of the device shown in Figure 3. 

Answer: As the piston moves to-and-fro within the cylinder, it drives the 
connecting rod which in turn causes the crank to rotate the 
crankshaft. This is a piston-crank device. 

Finally Figure 4 shows the type of diagram necessary as a starting point for 
the analysis of the motion of the piston-crank device. Here the engine is 
reduced to a series of straight lines drawn to a specified scale. The detailed 
appearance of the parts is irrelevant. The crank and connecting rod are 
represented by straight lines R Q  and QP respectively, and the piston is 
represented by a single point P. The location of any point on the machine 
can be deduced from such a drawing. 

scale 1 mm : 6 mm 
crank angle 8 -  86' 

SA0 l 

The scale in Figure 4 indicates that 10 mm on the drawing corresponds to 
50 mm on the actual device. What is the distance between the point P on 
the piston and the axis of the crankshaft at R for this particular machine 
configuration? Figure 4 Diagram of piston-crank 

How can I justify the representation of an'object which has a definite size 
and shape by a straight line or even a single point? The answer to this 
question involves one of the most useful concepts in engineering mech- 
anics, namely, the rigid b o d y .  WLdy 



1.1 The rlgld body: the basic component part 
A rigid body is a hypothetical solid which does not bend, deform, contract, 
expand or change its shape in any way. If the object in Figure 5 is treated 
as perfectly rigid, all points on it (such as L, M and N) will at all times 
remain at fixed distances from one another and all straight lines (such as 
LM and MN) will at all times remain straight no matter what the motion 
of the object may be or what loads are applied to it. 

Of course there is no such thing as a rigid body. All solid objects may be 
classified as being somewhere on the 'quite flexible' to 'quite rigid' 
spectrum, and all objects suffer some deformation when forces are applied 
to them. In the case of objects which are more rigid, these deformations are 

Figure 5 usually very small compared to the dimensions of the object as a whole 
and can be neglected for the purpose of analysing the motion of the object 
without unduly sacrificing accuracy. 

Neglecting these small deformations greatly simplifies the designer's work. 
Accordingly, with the exception of springs and other objects intentionally 
designed for flexibility, in this Block we shall treat all machine components 
as rigid bodies for the purpose of studying their motion. 

1.2 Motlon of a rlgld body 
The line connecting successive positions of a moving point is called the 
path or locus. A point is said to be in plane motion if its path lies in one 
plane. A body is said to be in plane motion if all points on it move in the 
same or parallel planes. 

Plane motion can therefore be subdivided into three classes: 

Class 1: Translation 
When a body moves without rotation it is said to be in translation. A 
straight line connecting any two points on the body always remains 
parallel to its original position during translation. 

When all points on the body move in parallel straight line paths, the 
motion is called rectilinear translation (Figure 6) .  When the body moves 
back and forth in this manner it is said to be reciprocating. 

When all points of the body move in parallel curved paths, the motion is 
called curvilinear translation (Figure 7) .  Note that there is still no actual 
rotation. 

It should be noted that when a rigid body is in translation, a description of 
the motion of a single point on the body also fits the motion of every other 
point on the body, since all the points have identical motions. Thus a 
translating rigid body can be represented b y  a single pointfor the purpose o j  
studying its motion. 

When a body rotates about a stationary axis through a fixed point in a 
plane, it is said to be in fixed-axis rotation. The paths of all the points on 

rioid 
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Figure 6 Rect~linear translation Figure 7 Curu~l~near translation 



the body are circular arcs about the fixed point aa centre. An imaginary 
line through the 6 x 4  point perpendicular to the plane of motion is called 
the axis of rotation (Figure 8). The axis of rotation may pass through the 
body itself, as for example, the steering column and steering wheel of a car, 
but it may pass through some other point not in the body. Any line on the 
body (including lines that do not pass through the axis of rotation) rotates 
through the same angle in the same time. If the body rotates back and 
forth through a given angle it is said to oscillate. The fixed point through 
which the axis passes is called the centre of rotation. 

ck.. 5: Comblad moHon (tranabdlon and rotatkm) 
When a body moves so that all points change position and all lines turn, 
the motion is called combined motion (Figure 9). This is the most general 
type of plane motion. Just as for fixed-axis rotation, a body in combined 
motion rotates through the same angle in the same time, although the 
centre of rotation is continually changing position. Eixed-axis rotation 
and combined motion can be ascertained by following the motion of any 
l i e  on the body. Thus a rigid body infixed-axis rotation or in combined 
motion can be represented by a single straight line for the purpose of studying 
its motion. 

It is a worthwhile exercise to look at the working parts of simple devioes 
which you we (squeegee mops, windscreen wipers, 'upand-over' garage 
doors, etc.) and to classify the motions of their components. 

In Figure 10, the drawers of the tool box as they arc pulled open or closed 
are in curvilinear translation. 

Look back to the diagram of the moving parts ofthe internal combustion 
engine in Figure 2. Check that you agree with the following classification 
of the motions of the working parts. 

Piston 
Connecting rod 

Rectilinear translation 
Combined motion 

Crankshaft Fixed-axis rotation 
Links on timing chain Fixed-axis rotation about the sprocket wheels; 

rectilinear translation between sprocket wheels 
Camshall Fixed-axis rotation 
Push rod Combined motion 
Rocker arm Fixed-axis rotation 
Valve Rectilinear translation 

(Actually the push rods and valves can also rotate about their own 
longitudinal axes without affecting the operation of the engine.) 

Now, all these motions are classified relative to the engine body. If the 
engine were installed in a car which was itself moving, the motion of the 
parts relative to the ground over which the car was travelling would be 
classified dilTerently. So it is important to specify which f ame of re/rence 
you arc using. 

Fixed axis 
through A 
Iperpendicular 
to thin page1 

Flgun 8 Fid-axis rotation Figure 9 C d i n a l  motion 

I 1  

Figure I0 



The following 'algorithm' or procedure might be d to olusify a par- 
ticular case of p h e  motion. 

I. DON the body raata? 
Thn h, do- a lina on tha body turn thmuah an angta? 

The prowdure is simply a matter of mkhg two Yss/Mo'.answr 
questions. Now howevet that question XbJ will not apply if you chaose a 
point which happens to be on the Axsd a& 

2hl. la tha path of a int on tha 
body a m $ h t  ga7  

m0 I 
(a) A bicycle is being pedalled along a straight path. CI- the motion 

of: 
(i) the back wheel, 
(ii) the pdal if it mutins horizontal, 
(iii) the links an the bicycle chain. 

(b) In the pulley arrangement of Figure 11 there is no dipping b a w m  the 
rope and pulleys. W i y  the motion oE 
(0 P*Y A, 
(ii) pulley B, 
(iii) block C. 

(c) The diamond deviw of Figure 12 (a variGty of car jack) can bc d for 
raising and lowwing objmts in a straight line. Uswily the motion of 
the component parta A, B and C. (Hinc d r a w  the sketch of Figure 12 
in another position.) 

2(b). h tha path of a p& on tha bady a dmvlar arc 
about aft& axta7 

We have seen how we can clatsify the p h  motion ofa rigid body in tcnns 
of the way in which a point or a line on the body chmga its position. We 
shall now consider a mcom for measuring this change of position. 

The change of position of an object is msmmd by the d i a w  of the 
object. Whm following the motion of a point along a path, the straight- 
line distance between any two positions of thc point is called the lineor 
disp~oeemcnt of the paint, and is given the symbol S. The path of the point 
may bc straight or curved, but the Hncar displacement S is the straight-line 
distsace between the two podtions irrespective of the path. 

Tha body ir in 
oomb1n.d moUon. 

In Apm 13 a rigid body in traaslPtiw M reprcscntod by a single point P, 
which is in rectilinear motion along a straight-line path through 
Q and R. The change of position of the body between positions Q and R 
is given by the linear displacement s = QR. 

h b o d  h i n  
~ & m b l z l o h  



In Figwe 14 the rigid body is in curvilinear translation. The linear 
displacement of the body between Q and R is again measured by the 
straight-line distance QR, although the actual distance travelled by 
the body is equal to the distance along the path between Q and R. 
The distance along a path between two points is the path length. 

In -ear translation, the Linmr displacement of a point on the body is 
equal to the path length. In curvilinear translations, the linear displace- 
ment of a point on the body is always less than the path kngth. 

In Figure lya), a rigid body moves in curvilinear translation from 
position B through to position C, back to position D, then forward again 
to position E. 
1 The total distance travelled by the body is then the sum of the 

individual path lengths B to C, C to D, D to E, as shown in 
Figure lyb). 

2 The path kngth from start to finish is the distance along the path 
bawan the start and finish points B and E. 

3 Finally, the linear displacement between start and finish is the 
straight-line distance measured between B and E. 

B (8) 

Figure I5 

Figure 16 shows the closed path traced by a point on a machine 
component during one cycle of operation; that is, the point travels from A 
through B, C and D and back to A. 

The path lengths and linear diiplacements betwem the four positions are 
shown on the figure in units of millimetres. 

If the point travels from position A through a full cycle and then on to 
finish at position B, are the following statements about the position change 
comct or incorrect? 

(i) The path kngth from start to h i s h  is 8 mm. 
(ii) The path length is 33 mm. 
(iii) The linear displacement is 19 mm. 
(iv) The total distance travelled is 33 mm. 
(V) The linear displacement is 5 mm. 

The change in position of a point, representing a translating rigid body, 
can thus be measured by its linear displacemeat. We now turn to 
measuring the change in position of a straight line. representing a rotating 
rigid body or a rigid body in combined motion. The angle between two 
positioas ofa rotating line is the angular d k p l o c e m n t  of the line, given the 
symbol 0 (theta). 

In Figure 17 a rigid body represented by line O P  is in fixed-axis rotation 
and rotates about 0 between positions OP, and OP,. The angular 
displacement of the body is given by 0 =angle P,OP,. 

fl 
P,/ path 
/ 
Figure I4 

Figure 16 Path ofpoint on machine 
component (SAQ 3) .  Numbers 
represent distances in millimetres 



Moreover the angular displacements of all lines on a rigid body in rotation 
between two positions are the same. For example in Figure 18 lines O P  
and PQ are both on the body, so their angular displacements are equal. 

The units of angular displacement are degrees or radians. A radian is the 
angle subtended by a circular arc whose curved length is equal to the circle 
radius (see Figure 19). Since the total circumference of a circle is 2~ times 
the radius there will be 2n radians in 360". So 1 radian = 36O0/2n 

Q' degrees sz 57.3". 
0" I 

I ' We saw that the linear displacement is the straight-line distance between 
l l 

1 two positions of a point, irrespective of the path of the point or the total 
I distance travelled by the point. Similarly the angular displacement is the 

Figure 18 angle between two pos~tions of a rotating l~ne  irrespective of the way in 
which the line moved in between the positions. In Figure 20 a line OA 
rotates about 0 from OA, to OA, to OA, to OA,. The total angle turned 
through is angle A, OA, +angle A,OA, +angle A,OA,, although the 
angular dis~lacement of the line between start and finish B=anele 

Question: (a) What is the angular displacement of the minute hand of a 
clock between 0830 hr and 11 15 hr? 

(h) What is the total angle turned through? 
(c) What is the angular displacement of the hour hand? 

l radlan 

Answer: (a) f rad~ans or 90"; (b) v rad~ans or 990"; (c) 0.46n radians or 
82.5". 

Figure 19 A point on a rigid body in fixed-axis rotation will trace out a circular path 
about the axis of rotation (unless the point is on the axis of rotation, in 
which case it is stationary). We can use this fact to give a relationship 
between the angular displacement of a body and the path length of any 
polnt on it, when the body is in fixed-axis rotation. 

Figure 21 shows a wheel which turns about a fixed centre at 0. Any point 
such as B on this wheel remains at a constant distance r from 0 and traces 

, a circular path as the wheel turns. If the wheel has an angular displacement 
of 1 radian then any line on the wheel also has an angular displacement of 
I radian (treating the wheel as a rigid body). Thus line OB has an angular 
displacement of I radian. From the definition ofa radian the path length of 
B must be a curved length equal to the radius. For an angular displace- 
ment of B radians the path length of B would be B times the radius r. 

Figure 20 
, Thus in general for a body having an angular displacement of 8 radians the 

equation 

gives the path length p of a point located at a distance r from the axis of 
rotation. 

Question: What is the length of hand movement needed to turn a 350 mm 
diameter steering wheel through 1.3 radians? 

350 
Answer: p= - X 1.3 = 227.5 mm 

0 2 

Figure 21 



In Figure 22, whea the angular displacement B is vrry small, the path 
len@b p will bc very nearly qual  to the linear diaplsownent s (the straight- 
line distance between two positions). Thus for very small angular 
diiplacsmmts 

whicb gives a reIationship behvecn linear and angular displacements on 
rotating bodies. 

SA0 4 
In the journey undertaken by a bus aerving a new city, the bus travels h m  
a depot at the city centre to a ring road at the outskii (a cirdc of 1.5 km 
diameter), then travels dockwise round the ring road for three-quarters of 
a complete turn, then finally back to the garage to complete the circuit. 
What i~ the distance travelled and the linear displawment of the bus &er 
one circuit? 

ARcr 64 circuits the bus breaks down. Fmd: 
(a) Tbc total distance vaveUed by the bus. 
(b) Tbc path length to the point of brealdowo. 
(C) The linear disphccment of the buo. 

From the point of view of each of the following individuals, which of the 
quantities (a), (b) and (c) above an probably the most important? 

(i) A repair man sent out by the shortest route. 
(ii) A passenger returned to the depot. 
(iii) The clerk ncordi i  bus performance. 

We previously dc6ncd combined motion of a bady as the situation in 
whiih aU points on the body change position (traoslate) and all lines on 
the body turn (rotate). It is o h  convenient to th id  of c o m b i i  motion 
as a wmbi i t im of a sin& translation and a single rotation in sequence, 
as illustrated in Figure 23. A simple way to demonstrate thii ~csult to 
youmlf is to take a pai~ of similarly sized objectr, such as two pencils or 
two books and place than in diRerent positions on a table. Now try to 
move one of the objects to the m e  position as the other by a sin& 
translation and a single rotation. 

The translation and rotation may be considered independently even 
though they may take place simultaneously in actual combined tnotion. 

We would expect therefore that the displacement of a rigid body in 
combined motion would consist of two parts, namely the linear displace- 
ment of a point on the body (translating part) together with the angular 
displacement of a line on the body (rotating part). 

- 1  
In the pulley arrangement shown in Figun 24, the diameter of each pulley 
is 0.1 m. If the rope is pulled vertically downwards a distance of 0.2 m, 
what a n  the angnlar clis-ents of the two pulleys and the linear 
displacement of the block if there is no slipping botwaen the rope and 
P a y s ?  

so&wwJ 
Pulky A. This pulley is in fixed-axis rotation. With no slip between the 
rope and the pullty, any point on the circumferellcc of the pulley will have 

E l  block 



moved along a circular path of length 0.2 m. Hence the angular displace- 
ment of the pulley will be given by using the relation p = re, 

p 0.2 
0 = - = - = 4 radians = 229" 

r 0.05 

Block C. The block 1s in rectilinear translation. The length of rope between 
points S and Tin  Figure 24 will be reduced by 0.2 m, or the rope length on 
either side of pulley B will be reduced by half of 0.2 m, i.e. pulley B will rise 
by 0.1 m, taking the block with it. The linear displacement of the block 
then is 0.1 m. 

Pulley B. This pulley is in combined motion. The pulley rises by 0.1 m, 
hence its linear displacement is 0.1 m. A point on the circumference of the 
pulley will travel 0.1 m relative to the centre of the pulley. Hence the 
angular displacement of the pulley is given by 

Position I Position II A tractor wheel rolls along without slipping as shown in Figure 25 (not to 
scale). The wheel is 1.5 m in diameter and a tyre valve is in position V when 
the wheel is in position I, where OV = 0.65 m. After the wheel has rolled 
0.8 m to the right the valve is at V' in position 11. What is the angular 
displacement of the wheel? 

\ 'V,' 

k Make an accurate drawing of the line OV in the initial and final positions 
0.8 m using a scale 10 mm : 0.1 m and measure the linear displacement of the 

Figure 25 valve (VV'). 

1.5 Revision exercise 
Before proceeding to the next Section, you may wish to make note of 
difficulties you have had with the text so far. To help you sort out where 
problems have arisen, try the following exercise based on some of the most 
important terms used in this section. 

From the list of statements given below, decide which are true and which 
are false. If you think that a statement is false, give your reasons. (Answers 
at the end of the Section) 

1 A rigid body is an object which deforms only slightly under loads. 
2 A body in plane motion is one in which all points on the body are 

moving in the same or parallel planes. 
3 A straight line connecting two polnts on a body in curv~ltnear 

translation does not rotate. 
4 All points on an oscillating rigid body (apart from the point on the 

axls of rotation) have the same path length. 
5 In combined motion a body is translating and rotating at the same 

time. 

6 The path length is always less than the distance travelled by a body. 
7 The linear displacement is always less than the distance travelled by a 

body in curvilinear translation. 

8 The angular displacement of a body is the angle between a line on the 
body and the axis of rotation of the body. 



1.6 Summary 
Solid objects like machine components can often be treated as rigid bodies 
for the purpose of analysing their motion. 

Rigid bodies can be represented as points in the case of translating bodies 
or as straight lines in the case of rotating bodies or bodies in combined 
translation and rotation. 

The motion of rigid bodies can be measured in terms of the linear 
displacement of points and the angular displacements of lines on the body. 
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2, 3. 5. 7 are all true. 
1 A rigid body is a theoretical model, with no deformations, of an object 

which in reality would deform slightly under loads. 
4 The path length of a point on a rotating body depends on the distance 

from the axis of rotation ( p  = I$). 
6 If a body does not retrace its path (for example reciprocate), then the 

path length is equal to the distance travelled. 
8 Angular displacement is measured by the angle between two positions 

of any single line on the body. 

2 Connections of component parts 
In the last Section you saw how the plane motion of individual rigid bodies 
could be represented in terms of linear and angular displacements. I now 
want to consider the behaviour of rigid bodies connected in an assembly. nmUy 
An assembly is just a group of connected rigid bodies. 

The purpose of connecting bodies is to constrain their motion in a definite 
manner. Thus the piston, connecting rod and crankshaft of the internal 
combustion engine are connected so that there is a definite relationship 
between the movements of the individual bodies. Motion is transmitted mmdmd mrt*. 
from one body to another in a determinate manner. The translation of the 
piston is transmitted to the crankshaft causing it to rotate (or vice versa). 
Such an assembly of rigid bodies connected for the purpose of transmitting 
motion in a specified manner is called a mechanism. mmeh~hm 

There is often confusion between the terms machine and mechanism. This 
is possibly due to the fact that there appears to be little agreement on a 
proper definition for these terms. The German academic and engineer 
Franz Reuleaux (1829-1905) who developed the theory of machines into 
an applied science gives 18 separate definitions for 'machine'. One such 
definition is: "A machine is a combination of resistant bodies so arranged 
that by their means the mechanical forces of nature can be compelled to do 
work accompanied by certain determinate motions." Reuleaux then goes 
on to delineate the special science of mechanisms as "the study of those 
arrangements of the machine by which the mutual motion of its parts 
considered as changes of position, are determined". The theory of 
machines then is conarned principally with the transmission of fora  
through the machine components. The theory of mechanisms is the special 
study of the way in which these components transmit motion. 

In later Units you will be introduced to the concepts of force and work and 
the application of these concepts to the analysis of machines and 
structurrs. We shall be concentrating at this stage, however, simply on the 
motion characteristics of mechanisms. To understand mechanisms you 
must first have a working 'vocabulary' of terms to prepare for the analysis 
of motion to follow. 




