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INFORMATION

There are no practical activities to support this unit. However, it may be necessary to carry out some background research to complete the Assignments and Activities fully.

As part of this unit you have the opportunity to carry out your first Assessment, which can be handed in to your tutor for marking. This will help both you and your tutor assess your progress so far.

You should consult your tutor at any stage of this unit. Remember: your tutor is a valuable resource.

Objectives

Having completed this unit you will be able to:

· read and interpret graphical symbols in circuits and diagrams in accordance with BS2917

This unit is intended to be completed at your own pace, but as a guideline you should allow approximately 3 hrs.

INTRODUCTION TO CIRCUIT SYMBOLS

This unit is about the symbols we use on drawings and diagrams to represent the various component parts that make up the circuits used for the control of a whole host of pneumatically operated equipment.

During 1964 the Comité European Des Transmissions Oleohydrauliques et Pneumatiques (CETOP) published a proposed range of symbols for hydraulic and pneumatic equipment.

These symbols were later adopted by the International Standards Organisation in their document ISO 1219 and this subsequently formed the basis of our own British Standard - BS2917 (1977) Graphical symbols used on diagrams for fluid power systems and components.

Companies such as Festo, Norgren - Martonair etc may produce their own symbols for particular equipment and components.

The following shows the more commonly applied BS2917 symbols.

GENERAL SYMBOLS

Most symbols consist of one or more basic symbols combined with one or more fundamental symbols. The basic symbols can be divided into the following groups:

· lines

· circles

· squares and rectangles

· diamonds

· miscellaneous symbols

The tables on the following pages takes each of these groups in turn.

basic symbols

Description
Application
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Line
Continuous



long dashes



short dashes

double line






long chain thin
(optional use)
Main flow connections between component parts of a circuit

Pilot control which causes valves to change their positions

Drain or bleed line

Used to show mechanical connections between one component in a circuit and another eg – vce belt drive between motor and compressor

Enclosure for several components assembled in one unit
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Circle
As a rule, energy conversion units (pump, compressor, motor)

Measuring instruments

Non-return valve, rotary connection, etc

Mechanical link, roller etc
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Square – Rectangle
As a rule, control valves (valve), except for non-return valves, and linear actuators or cylinders
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Diamond
Conditioning apparatus (filter, separator, lubricator, heat exchanger)
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Miscellaneous Symbols
Spring

Restriction


functional symbols

Description
Application
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Triangle
Pneumatic flow or exhaust to atmosphere
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Arrow
Indication of: 


direction 


direction of rotation


path and direction of flow through valve
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Sloping Arrow
Indication of the possibility of a regulation or of a progressive variability



COMMON BS2917 GRAPHICAL SYMBOLS 
ENERGY CONVERSION

Description
Symbol
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Fixed capacity pneumatic motor

· with one direction of flow

· with two directions of flow
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Variable capacity pneumatic motor

· with one direction of flow

· with two directions of flow
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Fixed capacity compressor (always one direction of flow)
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Semi rotary air motor




CYLINDERS

Equipment to convert pneumatic energy into linear energy.

Description
Use of Equipment or
Explanation of Symbol
Symbol
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Single acting cylinder
– returned by spring
Cylinder in which the fluid pressure always acts in one and the same direction (on the forward stroke)
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Double acting cylinder

· with single piston rod
· with double ended piston rod
Cylinder in which the air pressure operates alternatively in both directions (forward and backward strokes)
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Differential cylinder
The action is dependent on the difference between the effective areas on each side of the piston
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Cylinder with cushion

· with single fixed cushion
· with double fixed cushion
· with double adjustable cushion
Cylinder incorporating fixed cushion acting in one direction only

Cylinder with fixed cushion acting in both directions


CONTROL VALVES

These are represented by one or more sets of squares and arrows. In circuit diagrams pneumatic units are normally shown in the unoperated condition. The number of squares indicates the number of positions the valve can have.
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Indicates one position 
Indicates two positions 
Indicates three positions 


of the valve 
of the valve 
of the valve 

Directional Control Valves

Units providing for the opening (fully or restricted) or the closing of one or more flow paths (represented by several squares)

Description
Use of Equipment or
Explanation of Symbol
Symbol
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Flow paths

· one flow path

· two closed parts

· two flow paths

· two flow paths and one closed part
Square containing interior lines

2 ports

2 ports

4 ports

5 ports
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2/2 way valve


3/2 way valve

4/2 way valve

5/2 way valve

5/3 way valve
DCV (Directional Control Valve) with 2 ports and 2 positions

DCV with 3 ports and 2 positions

DCV with 4 ports and 2 positions

DCV with 5 ports and 2 positions

DCV with 5 ports and 3 positions


Non Return Valves, Shuttle Valves and Quick Exhaust Valves

Valves which allow free flow in one direction only.
Description
Use of Equipment or
Explanation of Symbol
Symbol
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Non return valve
· free


· spring loaded
(check valve)


· with restriction
opens if the inlet pressure is higher than the outlet pressure 


opens if the inlet pressure is higher than the outlet pressure plus the spring force

unit allowing free flow in one direction but restricted flow in the other
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Shuttle valve (or gate)
The inlet port connected to the higher pressure is automatically connected to the outlet port while the other inlet part is closed.
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Quick exhaust valve
When the inlet port is unloaded the outlet port is freely exhausted.
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Two pressure valve
(AND gate)
Opens if both inlet pressures are high.


Pressure Control Valve

Units ensuring the control of pressure. Represented by one single square with one arrow (the tail to the arrow may be placed at the end of the arrow).
Description
Use of Equipment or
Explanation of Symbol
Symbol
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1 throttling orifice normally closed

1 throttling orifice normally open
General symbols
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Pressure relief valve (safety valve)
Inlet pressure is controlled by opening the exhaust port to the atmosphere against an opposing force.
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Pressure regulating or reducing valve
A unit which, with a variable inlet pressure gives substantially constant output pressure provided that the inlet pressure remains higher than the required outlet pressure.



Flow control Valves

Units ensuring control of flow.

Description
Use of Equipment or
Explanation of Symbol
Symbol
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Throttle valve
Simplified symbol (does not indicate the control methods or the state of the valve).
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Flow control valve:

· fixed output
· variable output
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Shut off valve



ENERGY TRANSMISSION AND CONDITIONING

Sources of Energy
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Old pressure source symbol 

New pressure source symbol
Flow Lines and Connections
Description
Use of Equipment or
Explanation of Symbol
Symbol
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Flow line

· flexible pipe
· electric line
Flexible hose, usually connecting moving parts.
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Pipeline junction
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Crossed pipelines
Not connected
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 Air bleed
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Pressurised reservoir Receiver/Accumulator
The air is maintained under pressure



Filters, Water traps, Lubricators and Air Dryers

Description
Use of Equipment or
Explanation of Symbol
Symbol
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Filter or strainer
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Water trap

· with manual control
· automatically drained



Filters, Water Traps, Lubricators and Air Dryers cont.

Description
Use of Equipment or
Explanation of Symbol
Symbol
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Filter with water trap

· with manual control
· automatically drained
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Air dryer
A unit drying air (for example by chemical means)
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Lubricator
Small quantities of oil are added to the air passing through the unit in order to lubricate equipment receiving the air
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Conditioning Unit
Consisting of filter, pressure regulator, pressure gauge and lubricator

· detailed symbol
· simplified symbol


Heat Exchangers

Apparatus for heating and cooling the circulating fluid.
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Cooler
The arrows in the diamond indicate the extraction of heat.

· without representation of the flow lines of the coolant
· indicating the flow lines of the coolant
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Heater
The arrows in the diamond indicate the introduction of heat


CONTROL MECHANISMS (MECHANICAL COMPONENTS)
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One direction 
Either Direction 
Simple Pivoting Device

Rotating Shaft
The symbols representing control methods are incorporated in the symbol of the controlled apparatus to which they should be adjacent. For apparatus with several squares the actuation of the control makes effective the square adjacent to it.
Description
Use of Equipment or
Explanation of Symbol
Symbol
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Manual Control:

· general symbol
· by push button
· by lever
· by pedal
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Mechanical control

· by plunger
· by spring
· by roller
· by roller, operating in one direction only
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Electrical Control by solenoid

· with 1 winding
· with 2 windings in opposite directions



Description
Use of Equipment or
Explanation of Symbol
Symbol
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Pneumatic control

Direct acting control

· by application of pressure
· by release of pressure
Indirect control, pilot actuated:

· by solenoid and pilot directional valve
· by solenoid or pilot directional valve
General symbol for pilot directional control valve

The pilot directional valve is actuated by the solenoid


Either may actuate the control independently
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Detent Mechanism
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Pressure gauge


The point on the circle at which the connector joins the symbol is immaterial
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Thermometer
The point on the circle at which the connector joins the symbol is immaterial
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Silencer
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Quick acting pipe coupling
Uncoupled (checked)

Coupled (with check valves)


Activity 1

Complete the grid below, either naming the synbol, or drawing the named symbol.
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Lubricator

Silencer
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2/2 way valve


Line junction






5/2 way valve


Pressure regulating valve




Shut off valve

Manual water tap







Two pressure valve (AND)




Assignment 1

Answer the following questions on separate sheets of paper. These can be handed in to your course tutor for marking, if so requested.

1 
Give a practical example of pneumatic actuation and state why it would be in preference to other forms of actuation.

2 
List one advantage and one disadvantage of pneumatic actuation compared with each of the following.


a 
electrical actuation


b 
hydraulic actuation

3 
The applied air pressure to a system cannot be increased. State how the output force from the actuator can be increased.

4 
List four legal requirements relating to air receivers.

5 
a 
State two reasons for preheating compressed air.


b 
Draw to BS 2917, the symbol for a heater.

6 
a 
State what is meant by superdrying.


b 
Name two methods of superdrying compressed air.

7 
a 
State where an aftercooler would be fitted.


b 
State two reasons why it is desirable to fit an aftercooler.

8 
a 
Define the term 'two-stage compression'.


b 
State two reasons for performing multi-stage compression to single stage compression for high pressure.

9 Name the four components that make up a service unit.

10 Name each type of compressor illustrated below.


11 
a 
State how a fixed displacement compressor differs from a dynamic compressor.


b 
i 
Name the type of air compressor which does not necessarily need an air receiver.



ii 
State the reason why an air receiver is not necessary with this type of compressor.

 12
Name the components indicated by the letters A, B, C, and D in the diagram below.

13 Name each component symbolised in the diagrams below.


14 
a 
Explain briefly why dynamic compressors have vanes and passageways that become progressively larger in cross-section towards the outlet.


b 
State the difference between a single acting compressor and a double acting compressor.

15 
State the reason for using an unloading valve when starting a reciprocating compressor.

16 
a 
State one safe method of releasing air pressure from a pneumatic systems.


b 
State why it is desirable to keep the speed of air flow in pipes below 6 m/s.

17 The diagram below shows a system used to produce compresser air. Name components A, B, C, D, E, and F.

18 
a 
State two reasons for fitting an air receiver in a supply system.


b 
How are the inspection periods in which air receivers must be cleaned and tested stipulated?

19 
A cylinder 50 mm in diameter has a pressure of 400 kN/m2 applied. Calculate the force available at the piston rod.

20 
a 
State the relationship between gauge pressure, absolute pressure and atmospheric pressure.


b 
Determine the absolute pressure when the gauge pressure is 6 bar. Take atmospheric pressure as 1 bar.

Activity 2

Use the background notes provided, any background research you may find necessary, together with your relevant skills and knowledge to carry out this activity.

You are required to devise a planned installation system for a small plant or workshop compresser air system which is to have:

· 8 lubricated quick acting couplings

· 2 unlubricated quick acting couplings

The following areas would need to be considered.

· Distribution system

· Air conditioning

· Air storage

· Production of compressed air

Included in your activity should be:

· the design of at least 3 alternative solutions to meet the specification

· evaluation of the alternative solution and choice of best solution to meet the specification

Only ISO 1219/BS 2917 symbols are to be used on diagrams.
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