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Mechanisms and Motion
Glossary
Load
Effort
Efficiency
Mechanical advantage
Velocity ratio
Linear motion
Reciprocation or reciprocating motion
Oscillating motion
Rotary motion
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General principles
All mechanisms have an input and an output and can:
•
•
•

direct force
change the size of a force
transmit force

Basic terms
You will need to understand the terms load, effort, efficiency, mechanical
advantage and velocity ratio to tackle the calculations you will find on this
page.
Formulae
You will need to know and be able to use the following formulae:
Mechanical advantage = load/effort
Velocity ratio = distance moved by the effort/distance moved by the load
Efficiency (%) = mechanical advantage/velocity ratio x 100
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Machines and Mechanisms
Machines – combination of moving (and fixed) mechanical components that
transmit or modify the action of a force to do work.
Examples: Washing machine, food mixer, electric sander and drills.
Mechanisms – a system that transforms one kind of motion to another.
Examples: levers, cams, screws, pulleys, gears and ratchets.
Degrees of Freedom
Many mechanisms are a complex combination of levers, gears and linkages
moving relative to one another. Their movement can be analysed by looking
at their degrees of freedom.
All motion can be identified as either movement along or around the three
dimensions/axes in space and therefore there are a total of 6 degrees of
freedom.
F += 1

In the diagram above, the mechanism only allows the slider to move along
one path and therefore only has one degree of freedom (F = 1). When the
angle is known then every position of the mechanism can be defined. When
F = 1 then the output motion is predictable from a known input.

F += 1

The five-bar chain (one linkage is a fixed surface) has two degrees of
movement and both angles need to be established to identify the position of
all the other linkages.
With four links there is 1 degree of freedom and with 3 links there are no
degrees of freedom, in fact it is no longer a mechanism but a structure.
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Levers and Linkages - Simple Levers
Class 1 Lever
effort E

x

y

pivot

load L

The pivot or fulcrum is between the load and the effort.
Examples: crowbar & scissors
Class 2 Lever
effort E

x

pivot

y

load L

The load and effort are both on the same side of the fulcrum with the effort
further away from the pivot than the load producing a mechanical advantage
greater than 1.
Examples: nutcrackers & car handbrake
Class 3 Lever
effort E
x

pivot

load L
y

Load and effort are on the same side of the fulcrum, but the load is farther
from the fulcrum, giving a mechanical advantage of less than 1.
Examples: Tweezers
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Formula
load
effort

Mechanical advantage (MA) =

effort E

MA =

x

L
E

y

pivot

L
E

Ex = Ly and

load L

x
y

=

Velocity Ratio (VR) – The ratio of distance moved by the effort to the
distance moved by the load.
VR =

Distance moved by effort
Distance moved by load

or VR =

dE
dL

Where dE and dL are the distances moved by the effort and load.

Mechanical Efficiency
Mechanical efficiency

Substitution gives:-

Version 1.0
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work out
work in

MA
= VR

LdL
= Ed
E

or as a percentage,
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Rotary Motion
Gear wheels are the basic mechanism which transfers and transforms
rotational motion and torque.
Gear Ratio
Simple Gear train
The diagram below shows two gears of different sizes. A simple gear chain
has one gear on individual shafts. The number of teeth on each is different
and is used to calculate the velocity ratio of the gear system. (The angular
movement of each gear can also be used to calculate the VR)

9

18

pinion
wheel

VR =

number of driven teeth
number of driver teeth

18
9

=

=

2
1

This gear ratio would normally be quoted as having a ratio of 2:1.
Compound Gear Chain
In a compound gear train at least one shaft carries a compound gear, that is
two wheels which rotate at the same speed.
Advantage of compound gear is that it can produce higher gear ratio whithout
large gear sizes.

A

B

D

C
18 teeth

15 teeth
30 teeth

Version 1.0

36 teeth

9

May 2005

GCSE Systems and Control Revision Guide
Compound Gear Chain ….Continued
Gear A has an angular speed of 240 rev/min.
One revolution of gear A will – gear B will rotate half a revolution.
Therefore gear C will rotate half a rotation as it’s on the same shaft.
For half a turn of gear C, gear D will rotate one quarter of a revolution.

Gear ratio =

Distance moved by input
Distance moved by output

=

1
¼

=

4
1

or 4:1

Reversing direction
Reversing direction is achieved by use of an idler gear between two gears.

Gear Wheel Speed

If the smaller of the two is the driver (pinion) then it will rotate faster than the
larger driven. If there is an idler gear between them then this gear does not
change the speed but just the direction of rotation.
Compound Gear Chain – If you look at the compound gear chain from the
previous page you will see:
Version 1.0
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Gear B takes twice as long as gear A to turn through a full revolution
and therefore the speed of B must be half the speed of A, which is 120 rpm.
An equation to calculate the output speed of a compound gear chain can be
written as:
Product of numbers of driver teeth

Output speed = input speed x

Product of numbers of driven teeth

Therefore the speed of gear D is:
ND = 240 x

15
30

x

18
36

= 60 rpm

Power and Torque
The power (watts) transmitted when a torque T (Nm) acts upon a rotating
shaft (rad/s) is T .
In other words
Output torque = input torque x

Number of driven teeth
Number of driver teeth

Or for compound gear chains
Output torque = input torque x

Product of numbers of driven teeth
Product of numbers of driver teeth

Example:
The output torque on gear D in the compound gear chain described earlier
when there is an input torque of 300 Nm on gear A is:

Toutput = 300 x

30 x 36
15 x 18

= 1200 Nm

A

B

D

C
18

15
30
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Power transmitted by a rotating shaft is given by:
P=T
Where T is torque in Nm,

is angular speed in rad/s and P is power in watts.

Ratchet Mechanisms
A ratchet mechanism consists of a wheel with saw-shaped teeth (ratchet)
which engages with an arm called a pawl. The specially shaped teeth allow
rotation in one direction only and can be use to prevent motion in the reverse
direction.

Crank Mechanisms
This mechanism is composed of three important parts:
The crank which is the rotating disc, the slider which slides inside the tube and
the connecting rod which joins the parts together.

As the slider moves to the right the connecting rod pushes the wheel round for
the first 180 degrees of wheel rotation. When the slider begins to move back
into the tube, the connecting rod pulls the wheel round to complete the
rotation.
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The cam and follower mechanism
A CAM changes the input motion, which is usually rotary motion (a rotating
motion), to a reciprocating motion of the follower. They are found in many
machines and toys
A CAM has two parts, the FOLLOWER and the CAM PROFILE.
Key Phrases
One Cycle

One rotation/revolution of the cam.

Dwell

When the cam rotates but the follower does not rise or
fall.

Rise

That part of the cam that causes the follower to rise.

Fall

That part of the cam that causes the follower to fall.

Types of Cam
PEAR
Pear shaped cams are
used on the shafts of
cars. The follower
remains motionless for
about half of the cycle
of the cam and during
the second half it rises
and falls.

Version 1.0

CIRCULAR
Circular cams or
eccentric cams
produce a smooth
motion. These cams
are used in steam
engines.
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HEART

DROP

Heart shaped cams
allow the follower to
rise and fall with
‘uniform’ velocity.

Drop cams
allow the
follower to fall
rapidly at a set
point.
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Belt Systems and Pulleys
Chain and Belt Systems
Apart from gears there are two main methods of transmitting power between
two shafts – chain drives and belt drives. Belts are the cheapest of the three
and gears are the most expensive to manufacture, assemble and align. The
choice of the type of transmission depends mainly on four factors:
Distance between the shafts
The required performance
The cost
The maintenance of the system

Driver

T2

T2

T2
T1
T1

T1 – tight side
T1

T2 – slack side

Follower

If the centre distance is large, a belt drive is appropriate but over small
distances gears are more practical. If precise performance and accurate
timing over large distance are required a flat belt, which will tend to slip, will
not prove satisfactory and a more expensive means must be employed such
as a chain or toothed-belt drive. These factors explain the use of a chain,
gears or toothed-belt to drive the camshaft of a car, but a belt, usually a v-belt
to increase friction between the belt and the pulley, is used to drive the fan
and alternator.
Belt drives were common in industry but they have now been replaced with
individual electric motors. Belt drives are still used in many household items
such as washing machines, lawn motors and printers.
As a chain drive has toothed wheels, any calculations for gear ratios or output
speeds are found using the same method as when using a gear chain.
For a belt drive:
Rotational velocity of driver x diameter of driver
= rotational velocity of driven x diameter of driven
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Pulleys
These are used to change the direction of the input effort when compared to
the output movement of the load. Wheels or sets of wheels are used to reduce
friction, reducing the effort by increasing the mechanical advantage.
The two basic equations to use when working with pulleys:

Velocity Ratio (VR) =

Effort distance
Load distance

Mechanical Advantage (MA) =

Load
Effort

x
2x

3x

effort
effort

x

load

VR =

effort

x

x
load

x
x

= 1

VR =

load

2x
=2
x

VR =

3x
=3
x

It can be seen that the velocity ratio is equivalent to the number of rope
sections supporting the load.

Example of a pulley system with a VR = 4

4x

load
x
load
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Wheel and axle
This is a development of the early windlass which was used to lift heavy
weights by winding a rope round a pole. The effort wheel is of greater radius
than the load drum and both are mounted on the same axle.

r
R

load
effort

Velocity Ratio (VR) =

Effort distance
Load distance

=

2 R
2 r

=

R
r

Block and Tackles

MA =

Load
Effort

=

100
100

=1
100 N

100 N

effort
load
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MA =

Load
Effort

=

100
50

=2

50 N

50 N

50 N

effort
100 N
load

25 N

25 N
25 N

25 N

MA =

Load
Effort

=

100
25

= 4

25 N

effort
100 N
load

Sample question
Calculate the mechanical advantage and velocity ratio of a two pulley system
where:
Load = 30N
Effort = 15N
Distance moved by the effort = 3m
Distance moved by the load = 1.5m
Answer
Mechanical advantage = load/effort = 30/15 = 2
Velocity ratio = distance moved by the effort/distance moved by the load = 3/1.5 = 2:1
Remember the load is shared equally between the pulleys.
Version 1.0
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Velocity Ratio
Is the ratio of movement between the load and the effort. The amount of
increase or decrease in movement of the lever is called the velocity ratio.
VR =

distance moved by effort
distance moved by load

Example
Using a screwdriver to lift the lid of a tin. The lid needs to move 2.5 mm before
it opens. The effort on the handle of the screwdriver had to move 60 mm to
achieve this. The velocity ratio is therefore 24:1.
i.e. VR =

60
2.5

= 24 to 1 = 24:1

Effort

Load
60 mm
2.5 mm

Fulcrum

Mechanical Advantage
The lever used to open the tin is a class 1 lever.
The Mechanical Advantage, MA = load
effort

Also MA =

Distance of effort from the fulcrum
Distance of load from the fulcrum

Effort

Load

Fulcrum

Distance of effort
from the fulcrum

Distance of load
from the fulcrum
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2Kg

Load ?

5

120
Fulcrum

So:
Using, MA =

gives:-

load
effort

load = MA x effort

where MA = 24:1
Therefore: load = 24 x 2 = 48Kg
Note: Even though the unit used are in Kg, which is a measurement of mass,
the correct units to use are units of force measured in Newtons, where 1Kg =
10 Newton.
Moments of Force
A moment of force is the tendency for a lever to produce movement around a
point. A moment is calculated by force x distance.

Distance 1 m
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The spanner above has a force of 10 N applied 1m from the turning point of
the nut. The moment of force is calculated as follows:
Moment = force x distance = 10 x 1 = 10 Nm
If you double the distance, the moment of force will double. The following
spanner has a force of 10 N applied 2m from the turning point.

Distance 2 m

Force of 10 N

Moment is now: F x D = 10N x 2m = 20Nm
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Examples of Mechanisms
Mechanisms are used by people every day in doing ordinary things. They are
so commonplace, they often go unnoticed! Designing anything having moving
parts requires knowledge of different mechanisms. Here are some common
types with examples of where they can be found:
Lever – a rigid beam that pivots around a fulcrum. A latch on a garden gate
uses a lever.
Linkage – transmits force and movement. It has an input and an output. Locks
on office furniture (e.g. a metal cupboard) use linkages to move the locking
bar.
Crank – converts reciprocating (linear) motion into rotary motion. Cranks are
found in car engines and bicycles.
Pulley – two grooved wheels rotating on shafts connected by a flexible belt. In
the workshop, pulleys are used at a speed selecting mechanisms on a pillar
drill.
Gear – toothed wheel which has a special tooth shape enabling it to
connect/mesh smoothly with other gear wheels. A collection of gears is often
referred to as a gearbox.
Cam – an irregularly shaped wheel with a follower which converts rotary
motion into reciprocating (linear) motion. Cams are often found in toys to
produce movement when a handle is turned.
Screw – a threaded rod that engages with a threaded part. Screws are found
on lathes to control and move sliding parts.
Cable – a flexible cable within a flexible sheath that can transmit movement
round corners/tight bends. Bicycle brakes use this type of transmission.
Pneumatics – a compressed air supply forces air down a flexible tube to an
actuator that moves. Automatic doors on buses are operated by pneumatics.
Hydraulics – a similar principle, but using a liquid (oil). Because liquids do not
compress easily, hydraulic systems are used where high forces need to be
exerted e.g. mechanical diggers.
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Advantages of pulleys
Pulleys, cogs and sprocket/link chains are all methods of transferring
movement over a distance. Sometimes it is inconvenient to have the motor at
the point where the movement is required, maybe for reasons of space or
safety. You wouldn’t want an electric motor mounted directly on the drum of a
washing machine as water and electricity is not a good combination! An
efficient means of transferring the movement is necessary. Pulleys have a
number of advantages over gears or chains.
One of these is noise. Because a pulley system uses flexible rubber belts,
there is not as much mechanical noise. Gears and sprockets on the other
hand, make a lot of noise because they are made of metal and are fairly
noisy, even when well lubricated.
Another advantage is ease and cost of repair. If a gear tooth breaks or a link
snaps, a repair is awkward and costly. With a pulley system, a snapped belt
can be replaced easily.
Pulley systems are versatile. If you want to change the direction of movement,
all you need to do is out a twist in your belt to make it into a "figure 8". To do
the same with gears or chains is not possible. If you take the top off a pillar
drill, you will see the pulley arrangement for adjusting the drill speed. Simply
by slackening off the belt and looping it around a pair of pulley wheels you can
select the correct drill speed. Using gears would require an expensive
gearbox.
The main disadvantage of a pulley system is that the belt can slip on the
wheels and reduce the efficiency. Gears and chains do not have this problem.
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Types of Forces
External forces on structures are stresses that act on a structure from outside
the structure. These forces produce internal forces, or stresses, within the
materials from which the structure is made. These internal stresses can
change the shape or size of a structure and is called deformation. This
deformation can lead to repair of the damage to the structure, or failure of the
structure.
External Forces
A dead load is a permanent force, acting on a structure.
This includes the weight of the structure itself.
A live load is a changing, or non-permanent force acting on a structure.
This includes the force of the wind and the weight of things that are in or on a
structure.
Impact forces (things that collide with the structure) are another type of live
load.
Internal Forces
Tension forces stretch a material by pulling its ends apart
Tensile strength measures the largest tension force the material can
withstand before failing.

w
Compression forces crush a material by squeezing it together.
Compressive strength measures the largest compression force the material
can withstand before it loses its shape or fails.

Shear forces bend or tear a material by pressing different parts in opposite
directions at the same time.
Shear strength measures the largest shear force the material can withstand
before it rips apart.

Version 1.0

23

May 2005

GCSE Systems and Control Revision Guide
Torsion forces twist a material by turning the ends in opposite directions.
Torsion strength measures the largest torsion force the material can
withstand and still spring back into its original shape.

A bending force is a combination of tension and compression
Shear and torsion forces are also a combination of tension and compression
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Questions
How do I get one gear to cause another to turn faster than the original gear?
This is quite simple to work out. Gear wheels have teeth. Two identically sized
gear wheels will have the same number of teeth, so if you turned one, the
other one would turn at the same speed (but in the opposite direction)
Now if you have two different size gear wheels, one will have a different
number of teeth to the other. If the wheel you turn is the smaller one, the
larger one will turn more slowly than the small wheel. Conversely, if you turn
the larger one, the smaller one will turn more quickly than the larger one. But
how much slower/faster?
The answer lies in the ratio of the number of teeth on the first wheel to the
number of teeth on the second wheel. Here are a few examples:
•

If the first wheel has 50 teeth and the second wheel has 50 teeth, the
ratio is 50:50 which is 1:1. In other words, the second wheel will turn at
THE SAME SPEED as the first one.

•

If the first wheel has 50 teeth and the second wheel has 25 teeth, the
ratio is 50:25 which is 2:1. In other words, the second wheel will turn
TWICE as fast as the first one.

•

If the first wheel has 25 teeth and the second wheel has 50 teeth, the
ratio is 25:50 which is 1:2. In other words, the second wheel will turn
HALF as fast as the first one.

•

If the first wheel has 10 teeth and the second wheel has 100 teeth, the
ratio is 10:100 which is 1:10 . In other words, the second wheel will turn
A TENTH as fast as the first one.
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If gear A (the driver) has 20 teeth and a rpm of 1200, gear B (the driven) has
60 teeth, what is the rpm.
It’s all a case of gear ratios. If gear A has 20 teeth and gear B has 60 teeth,
then gear B has 3 times as many teeth as gear A. We can express this as a
gear ratio of 1:3. If we express it as a fraction (1/3) then this tells us that gear
B will rotate at one third of the speed of gear A. If gear A is rotating at 1200
rpm then gear B will be rotating at 1200÷3 rpm which comes to 400 rpm.
Remember - in all cases involving only two gear wheels, gear B will rotate in
the opposite direction to gear A.
Let’s take another example. Let’s swap gear A with gear B so that the driver
gear has 60 teeth and the driven gear has 20 teeth. The gear ratio is 3:1 (or
3/1 as a fraction). The driven wheel will rotate at three times the speed of the
driver gear, or 3600 rpm (1200 x 3).
One final example… Both gears A and B have 60 teeth. The gear ratio is 1:1.
The driver and driven gears will rotate at the same speed (but in opposite
directions).
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Pulley Quiz
1. Pulleys are used:
a. To reduce friction
b. To convert rotary motion into linear
c. To change the direction of the input effort when compared to the output
movement of the load
The following questions are based on a bicycle and the way different mechanisms
are used.
2. The bicycle'
s rear wheel rotates 4 times for each rotation of the pedal sprocket
and the chain is engaged on a 13 tooth sprocket at the rear wheel. How many
teeth does the pedal sprocket have?
a. 48
b. 52
c. 58
3. If in a different gear the front sprocket has 60 teeth and the rear 20 calculate the
velocity ratio.
a. 2:1
b. 3:1
c. 4:14
4. Calculate the mechanical advantage.
a. 5:1
b. 4:1
c. 3:1
5. Calculate the efficiency.
a. 75%
b. 90%
c. 100%
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Gears
There are many different types of gear. Questions about gears often crop up
in exams and you will need to show your understanding of them.
Type of gear
Spur gears

Bevel gears

Crown gears

Description

Sketch

The gear shafts must be parallel
for the gears to mesh.

Transmit motion through 90
degrees.

Another method of transmitting
rotation through 90 degrees.

Ratio
number of teeth on

ratio =
/number of teeth on the

the input
output

number of teeth on

ratio =
/number of teeth on the

the input
output

number of teeth on

ratio =
/number of teeth on the

the input
output

Worm wheel and
gear

Gives a large reduction. The
worm drives the wheel - the
wheel cannot drive the worm.

ratio = number of
teeth on wheel : 1

Rack and pinion

A method of converting rotary
motion into linear.

none
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Levers
1. What effort is would be required to raise the load?
Effort

120 Kg

4 metres

1 metre

4E = 1 x 1200

1200N

E = 300N

2. The drawing below shows a lever, where X is the load, Y is the effort and F
is the fulcrum.
X

F
Y

a. The mechanical advantage of this lever is:
1) X + Y
2) X – Y
3)
4)

X
Y
Y
X

b. Moving F closer to X
1)
2)
3)
4)

Version 1.0
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Increases the velocity ratio
Decreases efficiency
Decrease the mechanical advantage
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Electronics
Basics
Current is the flow of electrons through a material. Conventional current is
said to flow out of the positive terminal of a battery, through the circuit and
back to the negative terminal.
The battery is a source of electro-motive force (emf) or voltage, which can be
thought of as the pressure driving the current round the circuit. Voltage is also
used to express the difference in electrical pressure between two points in a
circuit – sometimes called potential difference.
Resistance is the property of the material making up the circuit to resist the
flow of current, thus consuming energy. The current flowing into a point of a
circuit is always equal to the current flowing out of that point. The sum of all
the potential differences around a circuit always equals the sum of the emfs
in that circuit. Voltage, current and resistance are related by Ohms Law shown
in the triangle.

V
I R
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Inputs and outputs
For the system to work there is an input and an output. The process is taking
the input and doing something with it - modifying it in some way - and
producing an output.
In a computer system the processing will be done by a microprocessor of
some kind.
Feedback is the output fed back to the input. The '
Cruise Control'flowchart is
an example of negative feedback because the result is that the speed is
always pushed towards the desired speed. Positive feedback would push the
speed AWAY from the desired speed!
Examples of inputs and outputs
Inputs can include:
•
•
•
•
•
•
•
•
•
•

typing on a keyboard
mouse
voice
scanner
camera
pressure sensor
temperature sensor
magnetic sensor
moisture sensor
light sensor

Think about what you can connect to a computer to get data INTO it and you
have a sensor (e.g. a light sensor) or an input device (e.g. a keyboard)
Outputs can include:
•
•
•
•
•
•
•

Printers
Speakers
Motors
Monitors
Heaters
Electromagnets
Bulbs/LEDs
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Resistor colour codes
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Voltage, Current and Resistance
The voltage across a component is measured in volts.
The current through a component is measured in amps or milliamps.
The resistance of a component is measured in ohms, kilo-ohms, or megaohms.
Measuring the voltage
The voltage across each of the resistors in the diagram below, will add up to
the voltage of the battery. Resistors in
series divide the voltage.
Measuring the current
Because the rate of flow is the same
throughout the circuit, an ammeter can
be placed in series at any of the
positions shown. The reading will
always be the same.
Resistances in series
To calculate the total resistance (R)
when resistances are in series, the
formula below is used.
R= R1+ R2 + R3
R = 330 + 2200 + 680
R = 3210 ohms
Measuring voltage and current in a parallel circuit
The voltage across each of the resistors in the diagram below is the same as
the battery voltage, because they are all connected together. The current in
the battery is divided between the two resistors. The sum of the current in
each resistor will equal the current in the battery.
Resistances in parallel
When resistances are connected in
parallel, their total resistance is
calculated as follows.
1
1
1
- = -- + -R
R1
R2
1
1
1
3
- = --- + --- = --R
600
300
600

So R=200 ohms
All the currents, voltages and resistances in theses circuits should obey
Ohm’s Law (V=IxR). Remember I stands for current.
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Input Devices
Switches –
SPST

SPDT

DPST

NO
NC

DPDT

Push to break

Push to make

Sensors –
Light
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Potential Divider
RBottom
VOut =

RBottom + RTop

x VIn

The potential divider is not a circuit in its own right, but is a building block for
other circuits. The purpose of the potential divider is to reduce the voltage
present at any point in a circuit down to the required level.

10K

R1

20K

R1

10K

R2

10K

R1

20K

R2

9V

9V
0V
V

3V

V

6V

0V
10K

R2

V

4.5V
9V

0V

Output Devices
Relay

RLY
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Latches
Normally the output from a sensor processing block is a momentary high or
low. For a burglar alarm for example we don’t want the alarm only to sound
when the detector is actually tripped; we want the alarm to stay on – at least
for a reasonable time.
Thyristor
A thyristor is a switchable diode which once turned on will stay on until reset.
It is turned on by a small current into the gate. It is turned off either by shortcircuiting the device (a push-to-make switch from anode to cathode) or by
putting push-to-break switch in the load current path (say from thyristor to
ground).
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741 Op Amp
Using IC741 as a Voltage Comparator
+V

+
Vin
Inverting
input

-V

Vout

Vin Non-inverting
input

The comparator above has two inputs and a single output.
If the signal to the non-inverting input is greater in magnitude than the signal
to the inverting input, then the output will be high.
If the signal to the inverting input is greater in magnitude than the signal to the
non-inverting input, then the output will be low.
Since the gain of the comparator is very large, it only takes a very small
difference in input voltages for the comparator to be saturated. It is very
difficult to make the inputs equal.
If one of the inputs to a comparator is set to a fixed value and the other input
is variable, it is known as a threshold detector. The fixed value sets the
threshold and when the variable value exceeds this threshold then the output
changes state.
If both inputs are variable then it is known as a comparator.
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Temperature Threshold Detector
+V
-t0

+V

+

-V

Vout
0V
-V

Light Comparator
+V
LDR 2

LDR 1

+V

+

-V

Vout
0V
-V

This circuit will give a high output if LDR1 detects a larger signal than LDR2.
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Logic Gates and Truth Tables
A logic gate is a controlling device that may be either open or shut. A signal
may pass through the gate or it may not dependant on the rules governing the
behaviour of the gate.
However, the function NOT is not a gate. NOT is a signal inverter. Its purpose
is to change the logical state of the incoming signal. It does not control the
signal nor combine it with another signal.
Gate

Truth Table

AND

B
0
0
1
1

A
0
1
0
1

F
0
0
0
1

NAND

B
0
0
1
1

A
0
1
0
1

F
1
1
1
0

OR

B
0
0
1
1

A
0
1
0
1

F
0
1
1
1

NOR

B
0
0
1
1

A
0
1
0
1

F
1
0
0
0

EOR

1
B
0
0
1

1
A
0
1
0

0
F
0
1
1
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Logic Circuits
AND

SW1

SW2

OR
SW1
SW2

AND

NAND
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OR

NOR
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555 Timer
Timers and Timing
The 555 timer is an integrated circuit (IC). It is used in electronic circuits when
a precise timing period is required. Circuits incorporating the 555 IC will be
consistently accurate. However, the maximum practical timing period for these
circuits will be 20-25 minutes. If timing periods greater than this are attempted
you will find that resistors and capacitors required become very high value
and will have poor tolerances. This will result in inaccurate timing periods.
The 555 timer is packaged in a 8 pin DIL package – this makes it easy to
handle and solder. It actually contains 25 transistors, 2 diodes and 16
resistors.
Monostable and Astable circuits
555 Timers can be used in two main ways:
Monostable – this circuit has one stable state, depending on the input to pin 6
the 555 output (pin 3) will either be on of off.
Astable – this circuit is continually changing from off to on. The circuit will be
continuously and automatically switching on and off the 555 output (pin 3) for
set periods of time.
Monostable Circuits
A 555 monostable circuit can be used when you want the output to come on
for a period of time and then go off.
Adding Power

7

6

9V

2
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7

4

8

10K

330
6

9V

2

3

1

5

The output, pin 3, is connected to pin 3. When pin 2 is low (less than 1/3 the
supply voltage) the timeing cycle will start. The most common way to do this is
to connect a push-to-make switch bewteen pin 2 and zero volts. Pin 2 must be
tied high through a 10K resistor to keep the output low until the push-to-make
switch is pressed.

VR1 470K
7

4

8

10K

To enable the timing
cycle to be repeated, it
is necessary to
discharge the capacitor
through pin 7.

330
6

9V

2

+

3

1

5

C1 100uF

Once the timing cycle has started, it should stop after the desired time period
has passed. This is done by using a resistor and capacitor connected to pin 6.
The capacitor fill rate is determined by the size of the resistor. When the
voltage on pin 6 has reached 2/3 of the supply voltage, the time on period will
end.
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Adding a reset
Connecting a push-to-make switch between pin 4 and the supply rail will allow
the timer to be reset at any time.
Connecting output devices
The 555 will only drive low current devices, if higher current devices are
required then the output current will need to be amplified. This is normally
simply achieved by adding a transistor to the circuit.

VR1 470K
7

4

8

10K

2.2K
6

9V

2

+

3

1

5

C1 100uF

How the circuit works
The circuit will come on when pin 2 is low. It will remain on until the voltage at
pin 6 reaches 2/3 of the supply voltage. As the supply voltage is 9V, pin 6 will
have to be just above 6V. The length of time it takes for this to happen will
depend on the length of time it takes for the capacitor to fully charge. Once pin
6 is greater than 6V the output goes off and the capacitor starts to drain
through pin 7 and pin 1. This leaves the capacitor empty (discharged), waiting
for the next input signal at pin 2.
Calculating time delay
T = 1.1 x R x C seconds
Considering above circuit:
R = 200,000 (200K)

C = 0.0001 (100uF)

T = R1 x C1 = 1.1 x 200,000 x 0.0001 = 22 seconds
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Astable Circuits
A 555 atstable circuit is one where the output turns on and off continuously.
Pin 2, the trigger, and pin 6, the threshold, are connected together. When the
voltage on pin 2 is less than 1/3rd of the supply, the output will come on. This
will remain on until the voltage on pin 6is just greater than 2/3rd of the supply
voltage. At this moment the output will turn off. This will continue to happen
repeatedly until the circuit is switched off.

R1 100K

4

7

Buzzer

8

2.2K
6

R2 47K

9V

2

C1 100uF

3

1

BC 108

5

+

How it works
The current flows from the battery down through R1 + R2 to fill the capacitor.
At this point pin 2 is low and the output is on. Pin 6 will wait until charge in the
capacitor is just greater than 6 volts at which point it turns the output at pin 3
off.
At this point the capacitor starts to drain/discharge through pin 7 and pin 1.
The rate/speed of discharge is determined by the value of C1 and R2.
Pin 2 is constantly monitoring the voltage/charge of the capacitor, when the
voltage discharges below 1/3rd of the supply voltage the output on pin 3
comes back on and the cycle starts again.
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Waveform of 555 Astable
The output waveform for an astable is a square wave.
9V
0V
t2

t1
f

Calculating Frequency
Formula for calculating frequency:
f = t1 + t2
t1 = 0.7 x (R1 + R2) x C1
t2 = 0.7 x R2 x C1
Therefore: f =

1.44
(R1 + 2R2) x C1

Remember f is frequency measured in hertz where 1 Hz = 1 cycle per
second.
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555 Pin Outs

1

8

2

7

3

555

4

7

4

6

8

3

6
5

2

Pin

1

5

Function

1

This pin is at zero volts

2

This pin is the trigger. When the voltage on this pin
falls the timing cycle will start.

3

This pin is the output. When this pin is on it will give
an output voltage close to the supply voltage.

4

This pin is the reset and can be used to reset the
timing period back to the start.

5

This pin is the control voltage.

6

This pin is the threshold. When this pin is on it will
stop the timing period.

7

This pin is the discharge.

8

This pin is the supply voltage pin. Most 555 timers
will operate between 4.5 – 16v.
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Transistors
A transistor can work as a conductor or as an insulator in just the same way
that a switch can be put into a circuit and used as either a conductor or an
insulator. As we will see later the transistor can also be used as an amplifier.
Transistors come in a number of different shapes, a few of which are shown in
the diagram below. It is important to check with manufacturers'data sheets
regarding the suggested use of the transistor and the configuration of the
legs.

You will notice from the diagram that all have three legs, the emitter, the base
and the collector. The next diagram shows you how the transistor would be
shown in a circuit diagram.

The way a transistor works is controlled by the base connection and the
device that you are trying to output is either connected to the emitter or the
collector. The emitter is connected to 0Volts and the collector to +Volts.
The voltage to the transistor base is always fed through a resistor called the
current limiting resistor which restricts the amount of current reaching the
component. Too much current will damage the transistor very easily. The
easiest way to think of a transistor working as a switch is to think of it as an
analogue device. If a voltage of about 0.6Volt is supplied to the base a small
current flows through the collector to the emitter, but as we increase the
Voltage (to a maximum of about 1.4V) a larger current flows.
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Transistor Gain.
Transistor gain is one of the properties that we need to understand. As we
have already said the current flowing into the base of the transistor (Ib) is
much smaller than the current flowing from the collector to the emitter (Ic).
The gain of the transistor is the ratio of Ic to Ib and this varies according to the
type of transistor.
hfe = Ic/Ib when hfe = gain
Ic = collector current
Ib = base current

A typical transistor that you are likely to use is called BC108 and has a gain of
200-800 (on low cost transistors the gain is not very precise). Where a very
small current can turn on a large current the input signal is said to have been
amplified.
Transistor Power.
The power of a transistor is related to the size of the current that can pass
between collector and emitter before it gets very hot and stops working. The
BC108 transistor will only allow a current of about 100mA at the collector
while a transistor called 2N3055 will allow a current of 15A to pass.
It is not possible to build a transistor with both high gain and high power
current. Each transistor design is a compromise depending on the
requirements of the output.
The Darlington Pair.
When there is a need for both high gain and quite a high current it is possible
to use two transistors linked together, one with high gain and one with a high
power rating. (diagram below).

The total gain of the pair is found by multiplying the gain of the first transistor
by the gain of the second. In the diagram above a BC108 gives us a gain of
200 (at its lowest) and a BFY51 (a low gain transistor with high power output)
of about 40 so multiplying the two together gives us a gain of 8000 and the
possibility of controlling 1Amp of output.
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Relays

A relay is an electronic switch that allows one circuit to switch another on or
off. One circuit is electrically isolated from the other so, for example you could
use a circuit with a small current of say 40mA to switch a circuit with a larger
current of say 3A.
The relay is simply an application of an electromagnet. It consists of a wire
coil with a soft iron core. When a small current is passed through the coil the
soft iron core is magnetised. At the end of the coil, there is a pivoted arm,
which is attracted toward the magnetised core.

In the diagram above, as this arm moves it closes the contacts between 1 and
2 and opens the contacts between 2 and 3. Contacts 1 and 2 are said to be
normally open (NO) and contacts 2 and 3 are said to be normally closed
(NC). Contact 2 is called the common. This sort of relay is called a NC
change over relay.
Their main disadvantage is that they can only be used at low switching
speeds and they are relatively expensive.
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S.I. Prefixes and Units
Prefix

Pronunciation

Symbol

mega

megger

M

x 1,000,000

(10 )

kilo

keel-oh

k

x 1,000

(10 )

milli

milli

m

÷ 1,000

(10 )

micro

micro

µ

÷ 1,000,000

(10 )

nano

nanno

n

÷ 1,000,000,000

(10 )

pico

peeko

p

÷ 1,000,000,000,000

(10 )
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Circuit Symbols
Wires and connections
Component

Circuit Symbol

Function of Component

Wire

To pass current very easily from one
part of a circuit to another.

Wires joined

A '
blob'should be drawn where wires
are connected (joined), but it is
sometimes omitted. Wires connected at
'
crossroads'should be staggered slightly
to form two T-junctions, as shown on the
right.

Wires not joined

In complex diagrams it is often
necessary to draw wires crossing even
though they are not connected. I prefer
the '
hump'symbol shown on the right
because the simple crossing on the left
may be misread as a join where you
have forgotten to add a '
blob'
!

Power Supplies
Component

Circuit Symbol

Function of Component
Supplies electrical energy.
A single cell is often wrongly called a
battery, but strictly a battery is two or
more cells joined together.

Cell

Supplies electrical energy. A battery is
more than one cell.

Battery

DC supply

Supplies electrical energy.
DC = Direct Current, always flowing in
one direction.

AC supply

Supplies electrical energy.
AC = Alternating Current, continually
changing direction.

Fuse

A safety device which will '
blow'(melt) if
the current flowing through it exceeds a
specified value.

Transformer

Two coils of wire linked by an iron core.
Transformers are used to step up
(increase) and step down (decrease)
AC voltages. Energy is transferred
between the coils by the magnetic field
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in the core. There is no electrical
connection between the coils.
A connection to earth. For many
electronic circuits this is the 0V (zero
volts) of the power supply, but for mains
electricity and some radio circuits it
really means the earth. It is also known
as ground.

Earth
(Ground)

Output Devices: Lamps, Heater, Motor, etc.
Component

Circuit Symbol

Function of Component

Lamp (lighting)

A transducer which converts electrical
energy to light. This symbol is used for a
lamp providing illumination, for example
a car headlamp or torch bulb.

Lamp (indicator)

A transducer which converts electrical
energy to light. This symbol is used for a
lamp which is an indicator, for example a
warning light on a car dashboard.

Heater

A transducer which converts electrical
energy to heat.

Motor

A transducer which converts electrical
energy to kinetic energy (motion).

Bell

A transducer which converts electrical
energy to sound.

Buzzer

A transducer which converts electrical
energy to sound.

Inductor
(Coil, Solenoid)

A coil of wire which creates a magnetic
field when current passes through it. It
may have an iron core inside the coil. It
can be used as a transducer converting
electrical energy to mechanical energy
by pulling on something.

Switches
Component

Circuit Symbol

Function of Component

Push Switch
(push-tomake)

Version 1.0
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switch used to operate a doorbell.

53

May 2005

GCSE Systems and Control Revision Guide

Push-toBreak Switch

This type of push switch is normally
closed (on), it is open (off) only when
the button is pressed.

On-Off
Switch
(SPST)

SPST = Single Pole, Single Throw.
An on-off switch allows current to flow
only when it is in the closed (on)
position.

2-way Switch
(SPDT)

SPDT = Single Pole, Double Throw.
A 2-way changeover switch directs the
flow of current to one of two routes
according to its position. Some SPDT
switches have a central off position and
are described as '
on-off-on'
.

Dual On-Off
Switch
(DPST)

DPST = Double Pole, Single Throw.
A dual on-off switch which is often used
to switch mains electricity because it
can isolate both the live and neutral
connections.
DPDT = Double
This switch can
reversing switch
DPDT switches
position.

Reversing
Switch
(DPDT)

Pole, Double Throw.
be wired up as a
for a motor. Some
have a central off

An electrically operated switch, for
example a 9V battery circuit connected
to the coil can switch a 230V AC mains
circuit.
NO = Normally Open, COM = Common,
NC = Normally Closed.

Relay

Resistors
Component

Circuit Symbol

Function of Component

Resistor

A resistor restricts the flow of current,
for example to limit the current passing
through an LED. A resistor is used with
a capacitor in a timing circuit.

Variable Resistor
(Rheostat)

This type of variable resistor with 2
contacts (a rheostat) is usually used to
control current. Examples include:
adjusting lamp brightness, adjusting
motor speed, and adjusting the rate of
flow of charge into a capacitor in a
timing circuit.
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Variable Resistor
(Potentiometer)

This type of variable resistor with 3
contacts (a potentiometer) is usually
used to control voltage. It can be used
like this as a transducer converting
position (angle of the control spindle) to
an electrical signal.

Variable Resistor
(Preset)

This type of variable resistor (a preset)
is operated with a small screwdriver or
similar tool. It is designed to be set
when the circuit is made and then left
without further adjustment. Presets are
cheaper than normal variable resistors
so they are often used in projects to
reduce the cost.

Capacitors
Component

Circuit Symbol

Function of Component

Capacitor

A capacitor stores electric charge. A
capacitor is used with a resistor in a
timing circuit. It can also be used as a
filter, to block DC signals but pass AC
signals.

Capacitor,
polarised

A capacitor stores electric charge.
This type must be connected the
correct way round. A capacitor is used
with a resistor in a timing circuit. It can
also be used as a filter, to block DC
signals but pass AC signals.

Variable Capacitor

A variable capacitor is used in a radio
tuner.

Trimmer
Capacitor

This type of variable capacitor (a
trimmer) is operated with a small
screwdriver or similar tool. It is
designed to be set when the circuit is
made and then left without further
adjustment.

Diodes
Component

Circuit Symbol

A device which only allows current to
flow in one direction.

Diode
LED
Light Emitting Diode
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Zener Diode

A special diode which is used to
maintain a fixed voltage across its
terminals.

Photodiode

A light-sensitive diode.

Transistors
Component

Circuit Symbol

Function of Component

Transistor NPN

A transistor amplifies current. It can
be used with other components to
make an amplifier or switching circuit.

Transistor PNP

A transistor amplifies current. It can
be used with other components to
make an amplifier or switching circuit.

Phototransistor

A light-sensitive transistor.

Audio and Radio Devices
Component
Microphone

Circuit Symbol

Function of Component
A transducer which
electrical energy.

converts

sound

to

Earphone

A transducer which converts electrical energy
to sound.

Loudspeaker

A transducer which converts electrical energy
to sound.
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Piezo Transducer

A transducer which converts electrical energy
to sound.

Amplifier
(general symbol)

An amplifier circuit with one input. Really it is
a block diagram symbol because it represents
a circuit rather than just one component.
A device which is designed to receive or
transmit radio signals. It is also known as an
antenna.

Aerial
(Antenna)

Meters and Oscilloscope
Component

Circuit Symbol

Function of Component

Voltmeter

A voltmeter is used to measure voltage.
The proper name for voltage is '
potential
difference'
, but most people prefer to say
voltage!

Ammeter

An ammeter is used to measure current.

Galvanometer

A galvanometer is a very sensitive meter
which is used to measure tiny currents,
usually 1mA or less.

Ohmmeter

An ohmmeter is used to measure
resistance. Most multimeters have an
ohmmeter setting.

Oscilloscope

An oscilloscope is used to display the
shape of electrical signals and it can be
used to measure their voltage and time
period.

Sensors (input devices)
Component

Circuit Symbol

Function of Component

LDR

A transducer which converts brightness
(light) to resistance (an electrical property).
LDR = Light Dependent Resistor

Thermistor

A transducer which converts temperature
(heat) to resistance (an electrical property).
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Logic Gates
Logic gates process signals which represent true (1, high, +Vs, on) or false (0, low,
0V, off). There are two sets of symbols: traditional and IEC (International
Electrotechnical Commission).
Gate
Type

Traditional
Symbol

IEC Symbol

Function of Gate

NOT

A NOT gate can only have one input.
The '
o'on the output means '
not'
. The
output of a NOT gate is the inverse
(opposite) of its input, so the output is
true when the input is false. A NOT
gate is also called an inverter.

AND

An AND gate can have two or more
inputs. The output of an AND gate is
true when all its inputs are true.

NAND

A NAND gate can have two or more
inputs. The '
o'on the output means
'
not'showing that it is a Not AND gate.
The output of a NAND gate is true
unless all its inputs are true.

OR

An OR gate can have two or more
inputs. The output of an OR gate is
true when at least one of its inputs is
true.

NOR

A NOR gate can have two or more
inputs. The '
o'on the output means
'
not'showing that it is a Not OR gate.
The output of a NOR gate is true when
none of its inputs are true.

EXOR

An EX-OR gate can only have two
inputs. The output of an EX-OR gate is
true when its inputs are different (one
true, one false).

EXNOR

An EX-NOR gate can only have two
inputs. The '
o'on the output means
'
not'showing that it is a Not EX-OR
gate. The output of an EX-NOR gate is
true when its inputs are the same (both
true or both false).

Version 1.0

58

May 2005

GCSE Systems and Control Revision Guide

Ergonomics & Anthropometrics
Size and shape will influence your design. You will need to know how the
design of your product will relate between people and their living or working
environment.
The study of how objects and systems can be designed to fit with people is
called ergonomics.
In order for you to design solutions to problems, which fit people, you will need
to know human body measurements. The science of this study is called
anthropometrics, and books giving anthropometric data are available for the
designer to use. This data will provide you with human dimensions which will
help you to work out the sizes of chairs and tables for example. They will also
help you with less obvious data. If, for example in your egg-timer project you
wanted to know the size of an average hand the data tables would tell you.
However, the data is quite general. If you were involved in a particular design
project aimed at a specific client, then you should set up some experiments to
gather your own anthropometric data.
Whole books have been written on this subject, but to sum up; using
anthropometric data to make products the correct size for a specific function is
called ergonomics.
The user interface is term that describes how a product relates to the person
that is using it for example:
1. Are the instructions on a product easy to read (we would not want light
yellow writing on a white background would we?)
2. Are control knobs in a place that are easy to reach with the fingers?
3. Is the product comfortable to hold?
4. Are visual displays easy to read?
5. Are carrying handles in the correct place?
6. etc.
One of the best books to read about antropometric data is:
Anthropometrics (an introduction): by Stephen Pheasant: Published by
BSI Education ISBN 0 580 18234 7.
Below is included an extract from that book which looks at hand sizes which
you may need to help your design.
(extract from pages 18 and 19)
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Definitions of anthropometric dimensions with some comments
concerning their applications
Group D: Hand dimensions
31 Hand length From the crease of the wrist to the tip of the middle finger.
32 Hand breadth (metacarpel) Overall breadth of the palm at its widest point.
i.e. excluding thumb. Clearance required for handgrips, etc. By deliberately
contracting the palm, this dimension may be reduced by up to 25mm.
33 Hand breadth (including thumb) As above but with thumb. Clearance
required for hand access.
34 Palm length From the crease of the wrist to the base of the little finger.
35 Index finger length From the web to the fingertip. The middle finger is
longer (by about 10 mm); the ring finger is about the same length; the little
finger is shorter (by about 17 mm).

36 Index finger breadth Across the proximal interphalangeal joint (i.e. the
finger joint nearest to the palm). Clearance required for fingertip access.

37 Across the joint. Across the thumb joint.
38 Hand thickness (at palm) Measured at the thickest point, i.e. across the
knuckles but excluding thumb. Clearance required in handgrips, etc.
39 Hand thickness (including thumb) As above but also with thumb.
Clearance required for hand access.
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40 Maximum grip diameter. Measured as shown above.
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Pneumatics
Introduction
Pneumatic systems use compressed air as a power source. These systems
are now widely used in industry because they are powerful, reliable and
clean.
With pneumatics a linear (forwards and backwards) movement is possible
which can be delivered with considerable power. Because this is only
movement in a straight line a piston can be used in a cylinder. For example
when you get on and off a bus or train the doors will have been opened using
pneumatics.
You may also have seen workmen drilling holes in the roads with pneumatic
drills. The pipe to the drill is providing the air under compression and a
machine called a compressor is required so that the air is compressed.
Some compressors are very noisy and there is always a limit to the forces that
can be produced due to the fact that air can be compressed more and more
as pressure is applied by the machine.
Next time you are in a car or on a bus next to a big lorry, which brakes, listen
to the sharp hiss of air, which comes from it. These are pneumatically
controlled braking systems.
Pneumatic Systems
Pneumatics is all about using compressed air to '
make something happen'.
Compressed air is simply the air we breathe squeezed into a small space
under pressure. You might remember that air under pressure possesses
potential energy which can be released to do useful work.
You might also remember that a system is a group of components which work
together to perform a task.
A pneumatic system consists of a group of pneumatic components connected
together so that a signal (compressed air) is passed through the system to
make something happen at the output.
Understanding pneumatics is really very simple. All you have to do is learn
how a few basic components work.
There are two main groups of components:
Valves
Cylinders
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Cylinders are output components they cause something to move. Valves can
be input or process components. If they are used as input components they
introduce a signal into the system. If they are used as process components
they decide what happens to the signal when it is received.
Cylinders
Cylinders convert the energy in the compressed air into linear motion. The air
enters the cylinder and pushes a piston from one end of the cylinder to the
other.
There are two main types of cylinder:
Single acting
Double acting
Single acting
A single acting cylinder has only one air connection, whilst a double acting
has two.
With a single acting cylinder, the piston is pushed outwards by the pressure of
the air. When the air supply is removed and the air inside the cylinder is
allowed to escape (we call this the exhaust), the piston moves back, due to
the compressed spring. It is possible to slow down the return movement of the
piston, if we limit the rate at which the air can escape.

Double Acting
The double acting cylinder has two air connections. When compressed air is
sent to one side and the other side is allowed to exhaust, the piston is pushed
to one end of the cylinder. When air is then sent to the other side and the first
side is allowed to exhaust, the piston is pushed back. This type of cylinder is
more powerful on the return stroke than the single acting cylinder.
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Valves
Valves control the switching and routing of air in a pneumatic system. Valves
not only have to control the flow of the compressed air, they also have to
control the flow of the exhaust to the atmosphere. There are two main types of
valves used in pneumatic switching circuits:
The 3/2 valve
The 5/2 valve
The 3/2 valve
The 3/2 valve is used to control components such as single acting cylinders
which have just one single input. The input to the cylinder is connected to port
2, the air supply to port 1 and port 3 is allowed to exhaust to atmosphere.
The number 3 signifies that the valve has three ports, whilst the number 2
signifies that the valve has 2 directions or states.

The 5/2 valve
The 5/2 valve is used to control components such as double acting cylinders
which have two inputs. The inputs to the cylinder are connected to ports 2 and
4, the air supply to port 1. Ports 3 and 5 are allowed to exhaust to
atmosphere.
The number 5 signifies that the valve has five ports, whilst the number 2
signifies that the valve ha s 2 directions or states.
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Component Symbols
When drawing pneumatic circuits it is easier and much quicker to use
symbols. At first some of the pneumatic circuit symbols look very complicated.
As an example let us look at the three port valve mentioned earlier. On the
right

Now look below. Again the diagram on the left shows the 3/2 valve but this
time it has been pressed or '
operated'
. The air input has been allowed in and
is sent to the next part of the circuit.
On the right you will see the same symbol as above. The top half of the
diagram is used to show the pressed or '
operated'position.

When you are reading pneumatic circuits try to imagine that when the button
is pressed or the valve is operated that the top half of the symbol slides over
the bottom half.
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Advantages
AVAILABLE:
The basic raw material is air which is available everywhere. Compressors can
easily be made portable. Compressed air can be transported through piping
over considerable distances, whereas each piece of hydraulic equipment in a
factory generally needs its own power pack.
DEPENDABLE:
Pneumatic components are relatively simple and contain few moving parts.
This means that they tend to last a long time and are generally easy to
maintain. A pneumatic cylinder provides the simplest source of linear
movement and force. It will operate continuously in a fast-cycling machine
that is required to run 24 hours a day, seven days a week.
SAFE:
Pneumatic systems don'
t produce sparks so there is no fire or explosion
hazard. Compressed air, unlike oil or high voltage electricity, does not create
any major environmental or accident hazard. Compared with electrical
systems, pneumatic systems have an extremely high safety record. However
they must still be treated responsibly. See the Safety section for more
information.
CLEAN:
Pneumatic systems contain air, so a leak doesn'
t cause mess. Hydraulic
systems contain oil, so leaks are messy, making them unsuitable for clean
environments such as food factories.
Disadvantages
SMALL FORCES:
Pneumatic components produce relatively small forces. Whenever large
forces are required, hydraulic systems are used.
Hydraulic systems contain liquid which, unlike air, cannot be compressed.
This means they can create large forces, and that the force and speed of
movement are more controllable.
NOT ENERGY EFFICIENT:
Compared with an electrical system, a pneumatic system is not very energyefficient. A lot of energy is converted in the production of compressed air at
the input end of the system, compared with the amount of energy finally
converted into movement at the output end of the system.
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British Standard symbols
Symbols which would be used when constructing pneumatics circuits.
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Logic
Logic gates are often used to control systems. If you need some help
understanding logic, read through the Revision Bite on Logic and feedback
first.
OR gate
This diagram is an example of an OR gate in a pneumatics circuit, using
push-button spring-return valves. If either valve A OR valve B is operated, this
will send the cylinder positive and the system will operate. Note the spring
return on the valves will return them to the off position if the buttons are
released.

AND gate
This diagram shows an AND gate in a similar pneumatics circuit. Both valves
A AND B must be operated before the piston goes positive.
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Calculations
The force you get out of a piston depends on the pressure you put in and the
size of the piston (the surface area of the piston head).
Pressure
Pressure is measured in bar which is ten Newtons per centimetre squared. 1
bar = 0.1 N/mm² because there are 100mm in a square centimetre. To
convert N/mm² to bars multiply by 10. To convert bars to N/mm² divide by 10.
For example:
6 bar is equal to 0.6 N/mm²
1.0 N/mm² is equal to 10 bar
Size
You may need to work out the area of the end of the piston (the surface area).
Use the equation πr²
For example:
A 25mm radius piston has the area: 3.14 x 25 x 25 = 1962.5mm²
Summary
•
•

A small piston has a small surface area for the pressure to act upon.
A large piston has a large surface area for the pressure to act upon.

Force
Force (F) = pressure (p) x area (a)
You may also need other combinations of this equation. Use this triangle to
help you work them out:

Therefore p = F/a and a = F/p
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Area is the surface area of the piston head which you work out from πr² where
r is the radius of the piston. Remember the radius is half the diameter!
Have a look at this worked example:
The piston is 40mm in diameter. Therefore r (radius) is 20mm. So the area of
the piston is:
= 3.14 x 20 x 20 = 1256mm²
To calculate the force produced by the piston use the formula F = p x a
If the pressure is 0.6N/mm² then:
= 0.6 x 1256
= 753.6N
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