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Introduction
This resource is designed to help the student gain the knowledge and skills required
to achieve the competency MEM18019B – Maintain pneumatic systems. This unit may
be assessed on the job, off the job – or through a combination of the two. The skills
covered by this unit can be demonstrated by an individual working alone or as part of a
team. The unit comprises the four elements detailed in the table below.

MEM18019B – Maintain pneumatic systems
Elements and performance criteria

Element 1:
Undertake
preventative
maintenance
checks/adjustments
on pneumatic
systems

1.1 System components, assemblies or sub-assemblies
are identified and prepared for inspection/preventative
maintenance.
1.2 Visual inspection and testing with appropriate test
equipment are carried out according to fluid power
principles, procedures and safety requirements.
1.3 Scheduled preventive maintenance tasks are
performed, including obvious repairs and adjustments,
according to manufacturers’ specifications using fluid
power techniques/practices.
2.1 Designated pneumatic system components are
identified and a visual inspection of the system is
carried out for the collection of fault-finding data.
2.2 System operator is consulted where appropriate and
additional data is collected.

Element 2:
Undertake
fault finding on
pneumatic systems

2.3 Maintenance reports and preventative maintenance
schedules are checked and reviewed for additional
fault-finding data.
2.4 Using fluid power principles, checks and tests are
undertaken using appropriate test equipment and
techniques.
2.5 Faults and malfunctions are identified and verified.
2.6 Faults and malfunctions are documented or reported
by appropriate means to designated personnel and
actioned.
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MEM18019B – Maintain pneumatic systems
Elements and performance criteria
3.1 System or sub-assembly is isolated safely and residue
pressure is discharged in accordance with prescribed
procedures or checked for correct isolation.
3.2 Isolated system or sub-assembly is tagged according to
designated means.
3.3 Component or sub-assembly is removed from system
using correct removal principles and techniques.
Element 3:
Repair and/or
overhaul pneumatic
power system

3.4 Components or sub-assemblies are dismantled,
examined and verified for replacement, overhaul or
repair, using correct and appropriate techniques and
procedures.
3.5 Replacement items are selected from manufacturers’
catalogues to meet specifications.
3.6 Faulty items are repaired/replaced/overhauled using
correct and appropriate principles, techniques and
procedures.
3.7 Component or sub-assembly items are refitted to
equipment and tested for correct operation against
specifications.
4.1 System or sub-assembly is recommissioned according
to prescribed procedures and specifications.

Element 4:
Recommission
pneumatic system

4.2 Using fluid power principles and system application
techniques, correct operation of the system is verified.
4.3 Appropriate follow-up procedures are instigated.
4.4 Maintenance records/service reports are updated and
completed by appropriate designated means.
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Recommended resources
Rohner, P 1990, Pneumatic Control for Industrial Automation, revised edn, John Wiley
& Sons, Brisbane.
Industrial Pneumatic Technology 1992, video series, Parker Hannifin Corporation,
Cleveland, Ohio, USA.
Video recordings available from:
Parker Hannifin (Australia), 9 Carrington Road, Castle Hill, NSW 2154. Phone:
(02) 9842 5150. Fax: (02) 9842 51111.

How to use this workbook
This workbook is your guide to developing the underpinning knowledge and practical
skills required to pass this unit of competency. It has been divided into five sections.
Sections 1 and 2 must be completed first, as they cover pneumatic safety and basic
maintenance principles – on which you will be assessed in the practical activities. Each
section has an introduction to the topic area and directs you to undertake tasks, such
as reading a section of a reference text or watching a video, before you do the practical
activity allocated by your assessor for that section. Each section also contains review
questions. These will allow you to check your understanding of the topic area.

How you will be assessed
Due to the range of available pneumatic equipment and systems in industry, the
practical tasks you will need to undertake to meet the outcomes for this competency
will be determined by your assessor. See your assessor for the practical task
worksheets that are applicable to the equipment you are using.
You must have a good understanding of the topic area before attempting these tasks
and you must adhere to the appropriate manuals and precautions. Adherence to safety
procedures, correctness of maintenance procedures and underpinning knowledge will
also be assessed during these tasks. These assessments can be performed either on
or off the job. Your assessor must be a qualified workplace assessor.
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Section 1 – Pneumatic safety
Before attempting to perform any checks on a system or dismantling any components,
you should ensure that working conditions are safe.
Compressed air is safer to use than electricity but, like any power source, it must be
treated with care. Every operator should be aware of the potential dangers when using
high-pressure compressed air. The following safety rules must be observed when
undertaking any testing or maintenance on a pneumatic system – and will be included
in the competency assessment:
1.

Isolate the compressor and/or the pneumatic machine from external power
supplies and from all sources of pressure. Vent it completely to the atmosphere
before dismantling any components.

2.

Before maintenance is carried out on electrically driven compressors, lock the
switch in the open (off) position or use other positive means of current interruption,
such as the removal of fuses.
Similar precautions should be taken for other types of prime movers.

3.

Use the ‘tag system’ to prevent other people from trying to operate the machine.

4.

Provide support for pressure-held loads that could fall when the pressure is
removed through disconnection of the working unit.

5.

Relieve the system pressure. It is dangerous to remove a hose that contains air
under pressure. Operate valves each way after the compressor has been switched
off and the system is at rest, to bleed it of any line pressures.

6.

Hold the end of any hose not fitted with a shut-off valve while turning on the air.
This will stop the hose shifting around under pressure.

7.

Wear protective goggles when using air to clean down tools or fittings.

8.

Keep compressed air streams away from the body. Eye damage, ruptured ear
drums, skin blisters and other injuries are a common result of careless use of
compressed air or horseplay. Air leaks should be checked using soapy water, not
with your hands!

9.

Never direct an air stream at any opening of the human body. Serious injury or
death may result if you do.

10. Check that the exhaust air ducts of the tools are clean and that the casing is not
damaged.
11. Disconnect the air line before making any readjustments to power tools.
12. Some pneumatic compressors and control valves are heavy. Before removing
them, provide a means of support, such as a chain hoist, floor jack or blocks.
13. When working on machines with mobile parts, ensure there’s enough space in the
workshop to conduct the maintenance procedure.
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14. Keep the work area tidy. Use drain trays under pneumatic equipment and, if any
oil spillage occurs, clean it up immediately. Remember that one quality of oil is to
reduce friction and oil on the floor would reduce the friction between your footwear
and the ground, which could lead to an accident.
15. Never service a pneumatic system while the motor, compressor or actuators are
operating – unless absolutely necessary.
16. To ensure control of the unit, keep the pneumatics in proper adjustment.
17. When washing parts, use a non-volatile cleaning solvent that is compatible with
the pneumatic system.
18. Check the safety devices on the compressor as part of the regular maintenance
procedure.
19. To prevent inadvertent starting, disconnect the control power when repairing
compressors outside scheduled maintenance.
20. Before stripping down or undertaking major overhauls on a compressor, take
steps to prevent all movable parts weighing more than 15 kilograms from rolling or
moving.
21. After such major work has been completed, turn the compressor over manually at
least one full revolution to ensure there is no mechanical interference within the
compressor or its prime mover.
22. Do not under any circumstances use flammable liquids to clean valves, filters, air
passages of coolers, air pipes or any other part exposed to air flow during normal
operation. Otherwise, fumes might become trapped in components (for example,
compressor cylinders) and, when compressed and heated, could then explode.
23. If non-flammable chlorinated hydrocarbon liquids are used for cleaning, take
appropriate safety precautions against any toxic vapours being released during
usage.
24. Do not use carbon tetrachloride.
25. Never use an open flame to inspect the interior of a compressor or pressure
vessel.
26. While using test equipment coupled to flexible hoses, tie down the hoses and/or
the test equipment. As flexible hoses are pressurised, they stiffen and tend to
straighten out. Unless restrained, any test equipment attached to the end will lift
up in the air and then, when pressure is released, crash down again, potentially
damaging itself.
27. Make sure all line connections are tight and lines are not damaged. Air escaping
under pressure is a hazard and can cause personal injury.
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Activity 1 – Pneumatic safety
The following questions are designed to allow you to determine your understanding of
pneumatic safety before you apply it to your practical activities.
When you have completed this activity, check your answers with your lecturer or
workshop supervisor.

Question 1
Explain why flammable cleaning solvents should not be used on pneumatic
components.
_____________________________________________________________________
_____________________________________________________________________

Question 2
What is the procedure for isolating a pneumatic machine before removing a component
for servicing?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Question 3
Give a recommended procedure to use when testing a pneumatic line for leaks.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Question 4
List four safety factors that must be considered before working on a pneumatic system.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________
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Section 2 – Compressors and ancillary
equipment
Introduction
This competency unit provides theoretical and practical training for people who are
responsible for the operation and maintenance of pneumatic equipment at the trade
level.
Compressed air is one of the oldest sources of energy known to man and applied
to enhance his physical capability. Although the fundamentals of pneumatics rank
amongst the early perceptions of mankind, it was not until the last century that the
behaviour and fundamentals of compressed air were researched systematically.
Real, practical industrial application of pneumatics in production dates back only to
about 1950.
Today, it is not possible to imagine modern industry being without compressed air
– compressed air devices are used in almost all branches of industry and few could
manage without them.
Compressed air is an excellent medium for transmitting and storing energy. It is flexible,
versatile and safe. It is simply the air of the atmosphere put to work.

Terms and definitions
Compressors are machines designed for compressing air or gas from an initial intake
pressure to a higher discharge pressure.
Booster compressors are machines for compressing air or gas from an initial
pressure that’s considerably above atmospheric pressure to an even higher pressure.
Reciprocating compressors are those in which each compressing element consists
of a piston which moves back and forth in a cylinder.
Centrifugal compressors are those in which air is drawn into the centre of a rotating
wheel – the eye of the impeller – whereafter the vanes of the impeller throw the air to
the periphery by centrifugal force.
Rotary compressors
Rotary vane compressors are those with a rotor and radially movable blades mounted
eccentrically in a stator, or stationary housing. When the rotor rotates, the vanes are
pressed against the stator walls by centrifugal force.
Screw-type compressors employ a pair of special helical rotors, which trap and
compress air as they revolve in an accurately machined cylinder.
Intercoolers are devices for removing the heat – that’s produced by compression of
the air – between consecutive stages of multi-stage compressors.
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Aftercoolers are devices for removing the heat of compression after compression
is completed. They are one of the most effective means of removing moisture from
compressed air.
Moisture separators are devices for collecting and removing moisture precipitate from
the air during the process of cooling.
Air receivers are tanks in which the compressed air or gas that’s discharged from the
compressor is stored.
Regulating devices maintain a constant predetermined pressure in the receiver,
regardless of variations in demand.
Displacement of a compressor cylinder is the volume swept through by the piston.
This is usually expressed in cubic metres.
Positive-displacement units are those in which successive volumes of air or gas are
confined within a closed space and elevated to a higher pressure.
Dynamic compressors are rotary continuous-flow machines in which the rapidly
rotating element accelerates the air. As the air passes through the compressor, the
velocity is converted into pressure, partially in the rotating element and partially in
stationary diffusers or blades.
Pressure ratio is the ratio of the outlet pressure to the inlet pressure. Stage pressure
ratio is the pressure ratio of one stage of a multi-stage compression process.

Types of compressor
Compressors fall into two main groups:
●●

positive-displacement – those operating on the displacement principle in which
air is compressed by containing it in a chamber and then reducing the volume of
the chamber

●●

dynamic – those operating on the air-flow principle by drawing in air on one side
and compressing it by acceleration.
Recommended reading
Pages 205–221, on ‘Air compression’, in
Pneumatic Control for Industrial Automation
(Rohner).

From your recommended reading above, you would have learnt that compressors
convert the mechanical energy transmitted by a prime mover (electric motor or internal
combustion engine) into potential energy in compressed air.
To perform any appreciable amount of work with a pneumatic system, a device is needed
which can supply a receiver tank with a sufficient amount of air at a desired pressure.
This is usually a positive-displacement type of compressor.
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Types of
compressor

Positive
displacement
Rotary
compressor

Reciprocating
compressor

Piston
compressor

Dynamic flow
compressors

Axial flow
compressor

Diaphragm
compressor

Vane
compressor

Screw
compressor

Radial flow
compressor

Roots
blower

Figure 1: types of compressor

Positive-displacement compressors
1.

Reciprocating compressors

These include the following types of compressor.
a) Piston compressors – This design can be used to meet a wide range of
operating pressure requirements. The operating cycle is that air is drawn through the
suction valve at low pressure, is compressed in the cylinder (or cylinders) to the desired
pressure and then discharged to an air receiver.
An essential feature of a well-designed reciprocating compressor is that the clearance
between the piston and cylinder cover at top dead centre is kept to the smallest
practical limit – because, when the piston starts its suction stroke, all the air trapped in
the clearance space has to ‘re-expand’ to atmospheric pressure before any new air can
be admitted to the cylinder. A large clearance would seriously affect efficiency, because
air admission could not start until the piston had travelled a considerable distance of its
stroke.
Another essential feature is that the piston be airtight; so the piston rings need very
careful fitting – otherwise leakage past the rings will occur with resultant loss of
efficiency. Pistons are usually fitted with ground, centrifugally cast rings, which, bedding
with equal pressure at all points in the ground and honed cast-iron cylinders, reduce
frictional losses to a minimum. Also fitted are large water jackets enveloping the
cylinders, to help in heat reduction.
A two-stage piston compressor compresses air in two separate steps, using pistons
with different diameters. The piston with the larger diameter performs the first stage
of compression. The smaller piston compresses air in the second stage. As the
crankshaft is turned by its prime mover, the large-diameter piston strokes downward.
Air enters the chamber from the atmosphere through the open inlet valve. When the
piston starts its upward movement, the inlet valve closes. Air is compressed (and
heated) until a certain pressure is reached, at which point the outlet valve opens,
discharging hot, compressed air. This air is then directed by means of a tube, called
15
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an intercooler, to the second-stage piston. The compressed air is cooled by means
of external air blowing over the tube or water flowing across the tube. By the time
it reaches the second-stage piston, a great portion of the heat from the first-stage
compression has been dissipated. The cooler air is then ready to be compressed a
second time. With compressed air at its inlet, the smaller-diameter piston is pulled
downward. Compressed air fills the chamber and the inlet valve closes. The piston is
stroked upward, compressing the air further. As it discharges from the compressor,
the compressed air is at an elevated temperature. But it is not nearly as much above
ambient temperature as it would be if one stage were used for the same output. Twostage compressors do not waste as much energy in compressing air as single-stage
units.
b) Diaphragm compressors – This type of compressor belongs to the piston
compressor group. The piston is separated from the suction chamber by a
diaphragm – so the air does not come into contact with the reciprocating parts. Thus,
the air is always kept free of oil. For this reason, its use is preferred in the foodstuffs,
pharmaceutical and chemical industries.

2.

Rotary compressors

a) Vane or sliding vane rotary compressors employ an eccentrically mounted rotor
that rotates in a cylindrical housing which has inlet and outlet slots. The advantages
of this type of compressor are its compact dimensions, its quiet running and smooth,
steady air delivery.
Sliding vanes are contained in slots in the rotor and form chambers with the cylindrical
wall. During rotation, the centrifugal energy forces the vanes against the wall and,
owing to the shape of the housing, the chambers are increased or reduced in size.
b) Screw compressors consist of two intermeshing rotors, one having a convex
profile and the other a concave profile. There are fine tolerances both between the
screws themselves and between them and the surrounding casing. The screws are
usually kept from contacting each other by timing gears. Air enters one end of the
casing, is trapped between the screw flutes and forced out of the compressor outlet.
These compressors typically operate at high revolutions-per-minute rates.
c) In the roots blower type of compressor, the air is conveyed from the inlet side to
the exit without any change in volume. The air is trapped between the lobes and the
compressor casing and transported to the compressor outlet. The rotating lobes are
prevented from contacting each other by timing gears and the lobes’ edges produce the
necessary sealing on the pressure side.

Dynamic-type compressors
a) Radial flow compressors – This type of compressor is properly called a blower.
It delivers large quantities of air at low pressure, with a stage pressure ratio of four
being about the maximum feasible. The principle of operation is that, when the shaft
is rotated, the effect of centrifugal force upon the air within the impeller causes its
compression and, at the same time, induces it to flow through the impeller. Air enters
the eye of the impeller and is accelerated radially by the rotating impeller. As the air
leaves the impeller, it enters a divergent, shaped duct prior to exiting the compressor.
This decreases the air’s velocity and further increases its pressure.
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b) Axial flow compressors – This type of compressor is properly called a turbine. It
delivers large quantities of air at high velocity. The compressor may have a number of
rotors to increase efficiency. The rotors have blades which are used to accelerate the
air along the axis of the compressor. This type of compressor can run at speeds up to
100 000 rpm.

Regulating devices
A fundamental requirement of many compressors is to maintain a constant
predetermined pressure in the receiver, regardless of variations in demand. There are
two systems for regulating – air unloaders and protective devices.

Air unloaders
An unloader is an automatic device that varies the amount of air being compressed.
Unloaders are incorporated into compressors to prevent power wastage when no air
is being used. They also have a secondary purpose in that compressors are more
easily started in the ‘no load’ condition. They have particular application in systems with
certain types of electric drive in which full torque is not achieved until the motor is at full
speed.
Many different unloading devices are incorporated into compressors but, in general,
they may be classified according to the various methods shown below:
●●

inlet line unloading

●●

inlet and discharge unloading

●●

inlet valve kept closed

●●

inlet valve kept open

●●

discharge valve kept open

●●

adjustable compression stroke

●●

variable clearance volume.

Protective devices
Protective devices fall into the following groups:
●●

temperature switches – protect the unit against high discharge air temperatures

●●

pressure switches – ensure compressor cut-out once air in the receiver reaches
required pressure

●●

safety valves – prevent uncontrolled rise of air pressure. Set to operate when the
maximum permissible delivery pressure of the compressor is exceeded.

●●

pressure gauge – ‘red lined’ at safe working pressure.
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Pressure switches
A pressure switch basically consists of a body, a piston biased by a spring, and
electrical contacts.
System pressure is sensed at the bottom of the piston through the pressure switch
inlet. When pressure in the system is at its low level, the spring pushes the piston
down. In this position a contact is made, causing an electrical signal to turn on the
compressor, as shown in the figure below.
OFF

Electrical
switch

ON

OFF
ON

Body
Spring
Piston

Inlet

Air pressure

Figure 2: pressure switch operation

As pressure in the receiver tank rises, it forces the piston upward and, with system
pressure at high level, the piston breaks the electrical contact, shutting down the
compressor.

Figure 3: pressure switch – typical appearance
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Safety valves
A safety relief valve consists of a valve body, with inlet and exhaust passages, and an
internal moving part. In the valve depicted below, the moving part is a poppet, which is
held biased in one position by a spring.
Spring
Body
Poppet
Exhaust
Flow
Inlet

Figure 4: operation of basic safety valve

A safety relief valve is normally in the closed position with the poppet seated on
the valve inlet. A spring holds the poppet firmly on its seat. Air cannot pass through
the valve until the force of the spring biasing the poppet is overcome. Air pressure
at compressor outlet is sensed directly on the bottom of the poppet. If air pressure
reaches an undesirably high level, the spring will be compressed, the poppet will move
off its seat and air will exhaust through the valve.

Figure 5: typical appearance of a safety valve

Safety relief valves on a compressor are not supposed to operate frequently. They are a
safety device. Many are equipped with whistles or horns to alert personnel that something
has failed or a problem exists.
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Admission and discharge valves
The air valves are perhaps the most vital parts of a compressor in respect to its efficient
working.
The standard form of valve used in modern practice is the automatic thin-plate type,
which opens under a difference in air pressure across it and is closed under a light
spring loading. The moving parts are light and require only a comparatively short travel,
while the area covered by the valve is relatively large. It therefore responds to slight
pressure differentials, opening and closing rapidly – and air speeds through it are
relatively low. For these reasons, the efficiency of the valve is good. It has the further
merit of being generally easy to fit and maintain.
Plates of various shapes are employed, including slotted discs or rectangles, concentric
rings and parallel strips. Suction and delivery valves are of the same principal design,
with a number of parts in common. This reduces the number of spare parts required. In
some older compressors, poppet valves are fitted.

Maintenance and fault finding
As the compressor valves are the hardest working components in a pneumatic system,
they are the first to suffer from inadequate supervision or maintenance. The pressure
registered on the intercooler pressure gauge can be a guide in locating a faulty valve.
Faulty valves can be localised as indicated in the table below.
Symptom

Possible cause

Intercooler pressure above normal

One of the high-pressure cylinder valves is
defective.

Intercooler pressure below normal

One of the low-pressure cylinder valves is
defective.

Once it has been determined that the faulty valve is on the high-pressure or lowpressure side, proceed as follows.
1.

Disconnect the pipe between the low-pressure cylinder head and the intercooler
release valve at the elbow of the latter; plug the elbow.

2.

Unload the compressor by loosening the unloading screw on the regulating valve.
The fault can now be attributed to an inlet or outlet valve as indicated in the
following table.
Possible cause

Defective valve in high-pressure
cylinder head

Locating problem
If the intercooler pressure rises during
unloading, an outlet valve is defective.
If the intercooler pressure remains unchanged,
an inlet valve is defective.

Defective valve in low-pressure
cylinder head

If the intercooler pressure drops rapidly during
unloading, an outlet valve is defective.
If the intercooler pressure remains unchanged,
an inlet valve is defective.
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When dismantling valves for service, take care to keep the parts of each individual
valve together. Inspect the valve plates for wear or cracks. Discard any plates that are
cracked or warped. Damaged valve seats can be lapped on a surface plate or refaced
on a lathe or grinding machine.
If parts require only cleaning, do not use buffing wheels or wire brushes, as plates and
seats are lapped to a high surface finish.
If there are deep marks in a valve plate, they will be very difficult to remove. Before
grinding these marks out, you should consult the manufacturer’s maintenance manual.
Note that some valve plates cannot be ground because they have been heat-treated
and they would warp from internal stresses.
To reduce downtime of the compressor during servicing of valves, it is advisable to
have available a set of spare valves as well as spare valve plates and damper springs.
A faulty valve must be repaired or replaced immediately. Serious damage can result if a
compressor is operated with a broken valve or valves.

Types of valve
The various types of air valve in general use may be divided into the following groups:
flapper (reed), plate, ring and channel.
The flat plate valve assembly, also known as a Rogler valve, can be repaired or
maintained. These valves are available as units in which the inlet and outlet valves are
combined or as individual inlet and the outlet valves. These types of assemblies are
commonly found on larger piston compressors.
The type of flat plate valve discussed and illustrated in Figures 6a and 6b is a
combined unit.
These valves consist of flat discs of special steel clamped upon the valve seat and
held in position by spring arms formed integrally within the valve itself. In construction,
the valve (B) is held on to its seat (A) by a spring plate (C). The stop plate (D) presses
upon the valve and spring plate, limiting the opening movement and closing the valve
at the end of the stroke. The stop plate is backed up by a buffer plate (E) and the whole
assembly is held together by a bolt that passes through the individual plates.

Plate valve assembly

Figure 6a: plate valve assembly

21

Section 2

Compressors and ancillary equipment

Seat (A)

Valve (B)

Stop plate (D)

Spring plate (C)

Buffer plate (E)

Figure 6b: plate valve – parts

The flapper, or reed, is a ‘flexing’ valve widely used in smaller compressors and is
usually considered to be a throw-away item. An example of the flapper valve, of which
there are numerous variations, is shown in Figure 7 below.
The flapper valve is a thin steel reed that is usually securely fastened at one end, while
the opposite end rests over the valve port. Pressure differential causes the free end of
the reed to move to successively cover and uncover the valve port during compressor
operation.
Port closed

Reed
Port open

Port

Figure 7: flapper-type flexing valve

The ring-type valve consists of annular rings stamped out of thin alloy steel and
cushioned by special springs. The annular valve spring has a number of equally
spaced flexures or waves, as has the reaction plate. The reaction plate has two waves
for each wave of the valve spring. Pressure difference between opposite sides of
the valve spring causes reaction to change from top to bottom of the reaction plate,
resulting in obtaining double the normal reaction of the spring.
Channel-type valves are designed for heavy-duty service. The assembly uses a series
of stainless steel channels as valves. These valves are cushioned to increase their life.
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The flapper and reed valves are not used for discharge pressures much higher than
3500 kPa. Channel valves are available for pressures up to 10.5 MPa. Annular ring
valves are available for all pressures, with special designs catering for requirements up
to 420 MPa and higher.

Compressor lubrication
The most common types of compressor lubrication system are:
●●

splash lubrication

●●

gravity lubrication

●●

force-feed lubrication

●●

injection lubrication

●●

graphite-tipped vanes.

Splash lubrication
In this system’s simplest form, the connecting rod has a pin which dips into the
crankcase oil. Mainly used with small, single-acting piston compressors, this system
has the advantages of simplicity and the fact that it will work irrespective of the
direction of rotation. However, it must be noted that lubrication during starting up may
be marginal.

Gravity lubrication
In one form of gravity lubrication, oil is carried by a disc, mounted on the crankshaft,
from the sump of the crankcase to a trough at the top, from which it flows by gravity to
the various lubrication points. A similar method involves an ‘oil ring’, which rides on the
crankshaft and dips into the oil. Due to the friction, it rotates slowly with the crankshaft,
thereby lifting up oil to an annular groove in the shaft. From there the oil is fed through
bores to the bearing. As the pressure generated due to centrifugal force is low, gravity
lubrication systems are normally restricted to smaller compressors.

Force-feed lubrication
The highest quality method of lubricating the moving parts of a compressor is a ‘forcefeed’ from a lubricating oil pump. The pump may be of plunger or gear type. The
advantages of force-feed lubrication are as follows.
●●

All bearings receive oil under pressure, which means less friction and less wear.

●●

Lubrication does not vary with crankcase oil level.

●●

Oil can be easily filtered.

●●

Good lubrication is provided on starting.

Injection lubrication
Some types of rotary compressor use water or oil injection to lubricate those parts
liable to wear in the compression chamber. Usually, the discharge air pressure is used
to inject the lubricant into the compressor inlet.
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Graphite-tipped vanes
It’s becoming more common in heavy industrial vane compressors that the sliding vanes
are equipped with graphite tips for self-lubrication. The graphite is usually sufficient to
last the lifetime of the unit, considerably reducing servicing and maintenance costs.

Filters
Filters can be divided into two groups – intake filters and those in the outlet side
pipeline. Filtration of the air leaving the compressor is discussed in Section 3.

Intake
To ensure reliable operation, a compressor should always be provided with an
efficient inlet filter; otherwise, abrasive pollutants in the air will become suspended in
the lubrication oil and cause excessive wear on cylinders, piston rings, bearings etc.
A good air filter should satisfy the following requirements:
●●

high separation efficiency

●●

good accumulation capacity

●●

low air resistance

●●

mechanical strength.

The most common types of compressor filter are:
●●

oil-wetted labyrinth filters

●●

oil bath filters

●●

fabric filters

●●

paper filters.

Oil-wetted labyrinth filters
In a labyrinth filter, the air is forced to change direction rapidly when passing through
the filter element. Dust particles in the air impinge on, and stick to, the oil-wetted
surfaces of the element. This type of filter is also known as a viscous impingement
filter. Since the separation efficiency rapidly declines as the oil dries or the element is
clogged, careful maintenance is required. The filter is cleaned by washing in a suitable
solvent and recharged by immersion in oil. Intervals between cleaning naturally depend
on the contamination level of the air but the usual interval is one week or 50–100 hours
of compressor operation. Labyrinth filters are therefore recommended mainly for lowflow-rate compressors working in premises with fairly clean air.

Oil bath filters
These are an improved type of labyrinth filter, in which the active surfaces are
continuously splashed with oil. The air flow is diverted to the oil surface by a baffle and
is then reversed. Most of the pollutants are trapped by the oil but, since some oil is
caught by the ascending air flow, it needs to be freed from the suspended pollutants by
directing it to a labyrinth-type filter element.
The oil is circulated and releases its pollutants, which sink by gravity to the bottom
of the oil pan. This type of filter has a high accumulation capacity and is capable
of collecting impurities equal to the mass of the oil. The filter nevertheless requires
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cleaning at regular intervals and the oil needs to be replaced at each cleaning. The
same oil type is used for the filter as for lubricating the compressor.
However, in compressors that are unloaded by closing the air inlet valve, there is
always the risk that the oil may be blown out of the filter when the air flow is reversed
on unloading. This can be prevented by the installation of a bypass or check valve
but, since their inclusion complicates the system, it is customary to use fabric or paper
filters on compressors with this type of unloading method.

Figure 8: oil bath filter

Fabric filters
In this type of filter, the element consists of deeply-pleated woven and non-woven
materials so as to obtain a large filtering surface within the confines of acceptable
overall dimensions. Since the fabrics lack rigidity, they normally have a wire screen or
mesh support. Fabric filters possess an excellent separation capacity and are therefore
used in compressors delivering oil-free air. They must be fitted accurately and be
inspected once a week, or after 50–100 hours of compressor operation, and cleaned
if required. The simplest cleaning method is to blow compressed air through them in
reverse direction. Some elements can be washed in solvents recommended by the
manufacturer.

Figure 9: fabric filter
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Paper filters
These cylindrical filters are of the throw-away type. The element consists of
corrugated impregnated sheets of organic fibres inserted in the space between two
concentric cylinders of perforated sheet metal. The ring-shaped bottom and top of the
container are of plastic or sheet metal. A paper filter element must not be exposed to
temperatures above 80 °C or overly-strong air pulsations. Reciprocating compressors
must therefore be fitted with an intake pulsation damper between the compressor
inlet and filter. Figure 10 illustrates a compressor intake venturi silencer with a filter
assembly installed at the top.
Filter assembly

Compressor silencer

Figure 10: compressor intake silencer and filter assembly

Cooling the air
The Combined Gas Law demonstrates that when air is compressed there is an
associated rise in its temperature. Because the pressure of air increases with
temperature, the compressor itself must expend more power.
Therefore, to increase the efficiency of the compressor, it is necessary to lower the
temperature of the air. This is achieved by installing a system of intercoolers between
stages. It is also necessary to reduce the temperature of the air after it leaves the final
stage, in order to render it usable. This is achieved by installing an aftercooler.

Intercooler
An intercooler is used between stages in multi-stage compressors. To dissipate
compression heat, it is usual to cool the compressor cylinders, the cylinder covers
and other surfaces that can affect the temperature. However, cooling the air between
compression stages is the most effective way of controlling temperature. This is the
function of the intercooler, which may be liquid-cooled or air-cooled.
Intercooling is a practical method of minimising the power losses that arise from
compression heat. The density of the compressed air is increased by cooling.
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Intercooling may be used with any type of compressor. Perfect intercooling is attained
when the temperature of the air leaving the intercooler is equal to the temperature at
the compressor intake.
Safety valve
Intercooler

Figure 11: compressor water-cooled intercooler with relief valve

Large compressors usually have air-cooled or water-cooled intercoolers. Air cooling is
generally used if there is no cooling water available.
Intercoolers normally use the same coolant (air or water) as the compressor itself.
Air-cooled intercoolers may have a small number of finned tubes through which the
compressed air passes under pressure or may be of the radiator type with many tubes.
In both types, cooling air is forced over the outer surface of the tubes to carry off heat.
A water-cooled intercooler consists of a nest of tubes through which air or water
passes. The nest is enclosed in a shell or casing. In some designs, the compressed
air passes over the outside of the tubes through a series of baffles to ensure maximum
contact with the surfaces of the tubes, through which the cooling water flows. In other
types, the air passes inside the tubes and the coolant is outside.

Aftercooler
The air discharged from a compressor has become very hot and a heat exchanger is
used to cool the compressed air with either water or air. This heat exchanger is called
an aftercooler, since it is installed after the compressor. An aftercooler that uses water
is called a water-cooled aftercooler and one using air is called an air-cooled aftercooler.
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Water-cooled aftercooler
For a water-cooled aftercooler, the multi-tube type of heat exchanger shown in
Figure 12 is common. Copper pipe is most commonly used as the cooling pipe. In one
case, water flows inside the pipe and hot compressed air flows outside it. In the other
case, hot air flows inside the pipe with water around it.

Aftercooler

Intercooler

Figure 12: water-cooled aftercooler

In both cases, heat is transmitted from hot air to the cooling water through piping,
thereby reducing the temperature of the compressed air.
When moisture contained in compressed air exceeds the air’s capacity to contain water
vapour at that temperature and pressure, some condenses as water droplets on the
pipe surfaces. These water droplets accumulate in the bottom of the aftercooler and
are removed by a drain valve or automatic drain system.
However, some water formed by cooling becomes a mist. It is important that an
aftercooler removes water mist in addition to providing cooling. The aftercooler shown
in Figure 12 increases the contact between compressed air and the cooling surface by
fins on the outer surface of the cooling pipe. That improves the cooling capability and
removal of water through condensation. Moreover, the drain separator located at the
compressed air exit separates the water mist contained in the air by a drastic change in
the speed and direction of air flow.
The temperature of cooled compressed air can be checked by a thermometer at the
exit.

Air-cooled aftercooler
The cooling portion of an air-cooled aftercooler consists of many pipes having
aluminium fins as radiating plates.
The hot compressed air flows inside the pipes, while the outside of the pipes are
cooled by cool air from the cooling fan. The compressed air entering the main housing
branches off into the cooling pipes, where it is cooled while passing through. As a
result, moisture in the air condenses out, as described before. The cooled compressed
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air flows out of the housing’s main body via a gathering pipe. After water adheres to the
internal surface of the gathering pipe, it is accumulated at the bottom. The accumulated
water is ejected by opening a manual drain valve. In the case of an auto-drain, water is
drained off automatically.

Aftercooler maintenance
Water-cooled aftercooler
The aftercooler is usually installed just after the compressor so that maintenance
and inspection can be done easily. The deterioration of cooling capability caused by
deposits must be prevented by attaching a filter (filtration 100 µm) in the inlet pipe. Dirty
cooling water should not be used.
If the cooling water supply is cut off, the aftercooler will cease to function and the hot
compressed air may cause an explosion accident due to spontaneous burning of oil
mist within the aftercooler. A warning switch that indicates a lack of water supply (for
example, a flow switch) must be used.
Reduced cooling capability chiefly occurs when the cooling water pipe becomes very
dirty. Outlet temperatures should be checked periodically. If the cooling capability
drops, the pipe should be cleaned mechanically (jet cleaner or brushing) or by use of a
suitable cleaner.
The water drain must be checked once a day. Where a large amount of water needs to
be ejected, an automatic device must be used (auto-drain). In cold climates, the cooling
water must be removed after each use to avoid freezing.
Air-cooled aftercooler
Like a water-cooled aftercooler, an air-cooled aftercooler must be installed in an
accessible location where maintenance and inspection are easily carried out. Moreover,
good ventilation is required, so it must be kept away – more than 20 cm – from walls or
other machines. It should not be installed where a lot of dust exists, since accumulated
dust in the radiating fin reduces cooling capability. Otherwise, a dust-proof filter should
be attached and the cooling pipes should be cleaned periodically.
Accumulated water must be ejected – just as in a water-cooled aftercooler. Particular
care must be taken with air-cooled aftercoolers since they don’t have a large space to
accumulate drain water. Therefore, an automatic drain is recommended.

Maintenance of air compressors
Air compressors are an example of hard-working machinery that requires regular
maintenance to perform at its best. Strict adherence to the manufacturer’s maintenance
schedule will prove beneficial in the long run.
The two main types of compressor commonly used today are the reciprocating piston
and rotary types. They have different servicing methods, because of their major
differences in design.
Typically, regular checks and associated basic maintenance should include:
●●

checking lubricant levels

●●

checking for leaks around seals and gaskets

●●

changing the lubricants as required
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●●

changing the filters as required

●●

inspecting air filters and suction strainers

●●

inspecting and cleaning the crankcase breather on reciprocating compressors

●●

where an intercooler is fitted, inspecting the moisture drain

●●

an operational check of the intercooler relief valve. The valve is designed to stop
the intercooler from rupturing, should the second-stage inlet valves fail.

●●

checking and cleaning the compressor cooling fins on reciprocating compressors

●●

periodical checks of inlet and outlet valves on reciprocating compressors

●●

checking vee belts for tension and condition

●●

checking for perished hoses or cracked discharge pipes

●●

checking pressure regulation systems and unloading systems.

To prevent an increase in air delivery temperature, inspect and clean heated surfaces
(for example, those of intercoolers and water jackets) regularly.
A suitable interval should be established in the maintenance schedule for cleaning
operations on every machine.
At this stage of this section, it is assumed that the average mechanical tradesperson
will have the necessary competencies to undertake the more common functions of
maintenance, such as vee belt adjustment, belt alignment and coupling alignment.
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Activity 2 – Compressor components
The following questions are designed to allow you to check your understanding of
compressor components before you apply it to practical tasks.

Question 1
Explain why flammable solvents should not be used to clean compressor components.
_____________________________________________________________________
_____________________________________________________________________

Question 2
Explain why the intercooler on a multi-stage compressor must have a relief valve.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Question 3
List three types of compressor inlet valve.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

Question 4
List three types of compressor lubrication system.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

Question 5
Name the possible fault if an intercooler’s pressure was found to be above normal
during testing.
_____________________________________________________________________
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Question 6
List four protective devices that can be found on a compressor.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

Question 7
Name a possible cause for an intercooler’s pressure dropping rapidly during
compressor unloading.
_____________________________________________________________________

Question 8
List four unloading principles that can be used on a compressor.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

Question 9
List two cooling mediums that can be used to achieve cooling in an aftercooler.
1.

_________________________________________________________________

2.

_________________________________________________________________

Question 10
Explain why a warning switch to indicate a lack of water supply should be used with a
water-cooled aftercooler.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Section 3 – Receiver and
air‑preparation equipment

Introduction
In this section, air receivers, driers and moisture separators will be discussed. Air-line
regulators and lubricators will not be discussed in this section as these components
were covered in Unit MEM18018C – Maintain Pneumatic System Components.
However, due to the variety of filters that can be found in a pneumatic system,
discussion of this topic area will be expanded here.

Air receivers

The functions of air receivers are to temporarily store compressed air from the
compressor for an emergency such as power failure, to smooth out the pulsation
caused by intermittent discharge from reciprocating-type compressors and to separate
out mist and undesirable material through a sudden reduction in speed of inlet air.
Because of the latter, a drain valve or automatic drain device (auto-drain) is necessary
at the lowest point.
Receivers can be mobile or fixed – and mounted vertically or horizontally. There are
three main types of receiver construction: welded, riveted and cast.
Statutory regulations stipulate that receivers must be inspected and tested at
regular intervals and after welding. Single-walled vessels are filled with water and
hydrostatically tested to one-and-a-half times their working pressure at a water
temperature not less than 7 ºC. If you need to perform a hydrostatic test on a receiver,
you should refer to the appropriate Australian Standards (for example, AS 4037-1999)
for the correct procedures and test requirements.
A receiver must be fitted with the following components:
●●

drain valve (manual or automatic)

●●

pressure gauge

●●

safety valve

●●

isolation valves.
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Inlet isolation valve

Data plate

Safety valve
Outlet isolation valve
Pressure gauge
Inspection panel

Drain plug

Figure 13: fixed, horizontally mounted air receiver

Figure 13 illustrates the main parts of a typical fixed, horizontally mounted receiver.
Figure 14 shows a mobile compressor and receiver.

Figure 14: small mobile unit

Air receiver maintenance
1.

Drain the water and sludge (if not automatic) from the receiver weekly – or more
often if required.
To do this, open the drain valve at the end of the last working day of the week and
leave it to drain all weekend. Remember to use a drip tray. More frequent drainage
may be needed in humid conditions.

34

MEM18019B

2.

Maintain Pneumatic Systems

Once a month, check the operation of the safety valve (see figure below) while the
receiver is under working pressure.
To do this:
a)

Lift the plunger by the lever or ring provided.

b)

Listen for escaping air.

c)

Release the lever or ring. The valve should seat and seal.

d)

If the valve is faulty, have it replaced by a qualified person.

Figure 15: safety valve

Cleaning compressed air
It is necessary to effectively control the quality of the pressurised air in accordance with
the type of pneumatic equipment and its use.
The most common sorts of contaminants found in compressed air systems are:
●●

solids – swarf, scale, rust, filings, dirt, Teflon®, tape, rubber and plastic

●●

liquids – water, sludge, oil and varnish.

According to their source or origin, contaminants can be classified into the following
broad groups:
●●

production-generated – contamination resulting from the manufacture of the
compressor and associated components, for example swarf, filings, castings and
thread tape

●●

system-generated – contamination resulting from normal wear of compressor
parts during operation, for example seal, compressor and vane wear particles

●●

fluid-generated – contamination resulting from lubricant breakdown, moisture and
dust entering the system, for example varnish and sludge from oil/water, dirt.

Contaminants in compressed air
Depending on the environment, various kinds of floating dust and contaminants
like sulphur dioxide, as well as water, may be present in the atmosphere. This is
especially true in heavy industrial areas. Sulphur dioxide and water accelerate the
rate of corrosion of pneumatic equipment. Dust can be removed to a large extent by
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a filter at the inlet side of the compressor but very small dust particles (2–5 microns)
cannot be removed. If the filter at the input side is too fine, compressor efficiency
decreases because of high resistance to air flow. This means that there is dust and dirt
in pneumatic pipes in dirty environments. Thus, the atmosphere is one major source of
contaminants.
Compressor lubricant is a second major source – producing contaminants in the
form of mist and carbon. The lubricant used in a compressor becomes a fine mist by
undergoing mechanical shear while lubricating the piston and cylinder. When the air
is compressed and becomes hot, the lubricant mist is carbonised or vaporised by the
heat. (Compressed air reaches 250–300 °C in the reciprocating type and 70–90 °C
in a screen type when the pressure is 700 kPa (100 psi) and the inlet temperature is
30 °C.) Carbonised oil becomes fine carbon particles like graphite or carbon-like tar.
Additionally, vaporised oil becomes extremely fine particles and is oxidised because
of exposure to high temperature. (In screw-type compressors, oil is rarely carbonised
since air temperature is low.)
A third major contaminant is water – and the rust it produces in the pipes. Generally,
water is contained as vapour in the range of 40–80 per cent in the atmosphere. When
air is compressed to 700 kPa (100 psi), for example, the amount of water which can be
retained as vapour substantially decreases because the volume of air becomes oneeighth of its original volume. When such air is cooled to less than 60–70 °C, it exceeds
the point at which it becomes saturated with water vapour (100 per cent humidity)
and water is then precipitated. If water exists in a pneumatic system, it causes rust,
especially in steel pipes.

Separators
Separators can be located between compressor stages, in the vicinity of the outlet of
the aftercooler, in the middle of the piping at the lowest part of a tank or at the end of
the line. The placement of a separator is dependent on the application of the air. These
devices are of simple construction and rely upon centrifugal force generated by swirling
the incoming compressed air to remove any contaminants such as moisture and oil
from the air. The contaminants are flung to the outer walls of the separator and collect
at the bottom. They are periodically drained off.

Separator

Figure 16: separator
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Filters
Filters are found on the intake and outlet sides of a compressor. Pipeline networks are
divided into main lines, through which the air supply reaches major sections in a factory
or major workshop, and sub-lines which branch off main lines to supply each individual
workshop or piece of equipment. Filters are provided in many sections of each pipeline
to remove rust and separate moisture. It is necessary to increase the filtering accuracy
as a pipeline extends progressively downstream.

Two-stage line filters
These filters remove moisture, oil and solids. Air enters and passes through swirl vanes
which impart a centrifugal force to any contaminants in the air. Particles are flung to
the outside of the filter bowl and settle at the bottom. The purpose of the baffle is to
produce a ‘quiet zone’ or stationary air, thereby preventing any heavy contaminants
being drawn up through the depth filter. After the air passes through the depth filter, it
exits the filter assembly at the port. The contaminants are drained off at the valve. This
can also be done automatically.

Main-line filter
As contaminants such as oil, water and dust are contained in the compressed air
supplied from a compressor, a main-line filter should be installed. The filtration level
provided is usually 3–5 microns. A main-line filter is attached to main piping and cleans
the air by removing the contaminants. This adds to the life of more precise filters that
may be fitted downstream, which in turn prevents trouble with equipment.

Figure 17: main-line filter
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Maintenance
A main-line filter should be installed in a cool place if possible. The drainage
accumulated in the filter case must be ejected by opening the drain valve periodically
according to the amount of accumulation. Connection of an automatic drain mechanism
(auto-drain) is advantageous, considering the overall cost and risks, since it can
prevent drainage from overfull bowls flowing to the output side by mistake.
The pressure drop across the filter should be checked by attaching pressure gauges
at the input and output sides. This allows monitoring of pressure differential caused by
dust and dirt clogging the pores of the element. If the pressure drop has reached the
allowable difference of 96.5 kPa (14 psi), the element must be replaced. Replacement
is necessary because a large amount of contaminants stick to the element and
cleaning will not remove it.
By connecting the filter as close to the end equipment as possible, the best water
removal can be achieved. From the point of equipment cost, it would be advantageous
to avoid providing filters for each piece of equipment by relying on a centralised
filtration system with a large filter in the main pipe. However, it is recommended that
small filters matching utilised air volume be installed for every piece of equipment. This
includes installation of filters close to control valves because of problems with water
separation and prevention of contamination in the piping.
The drainage accumulated in the filter bowl must be ejected by opening a drain valve
periodically (for example once a day), depending on the amount of accumulation.
The drain valve should be opened by hand only; tools should not be used. The filter
element should be inspected and cleaned every one to two years.
After the filter element has been cleaned with a proper cleaning solvent (general
industrial cleaner), blow compressed air from the inside of the element, clean with
water and dry. Ultrasonic cleaning with a solvent is a better method of cleaning these
elements. The solvent used to clean the filter must not be left in the element before
re‑assembly of the filter. When the element is very dirty, it should be replaced and, if
the bowl is dirty, it should be cleaned with neutral cleanser.

Mist separator
When a higher degree of filtration than is provided by a main-line filter (usually
3–5 microns) is required, a mist separator is used instead. A mist separator removes
very fine dust and oil mist that cannot be removed by a main-line filter. Furthermore,
a main-line filter cannot remove the rust powder generated by the piping. The mist
separator has a water–oil separation rate of over 99.9 per cent.
The air flowing into the main body passes through an MC cartridge (the element is
composed of a folded filter paper and a glass-fibre-like paper) from the outside to the
inside. Fine solid contaminants are separated by this process.
Fine oil mist is caught by inertial collision, direct interception and dispersion by
‘Brown’s motion’ on the surface of, and inside, the filter layers. As it passes through
fibre layers having different filter sizes, the mist is gradually condensed into large liquid
drops.
After passing through the MC cartridge, the air passes through a coalescing element
and separation element made from synthetic fibres. The mist, which has been
condensed, is separated from the air at the separation element.
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The contaminants accumulate at the bottom of the filter case and are ejected by the
pressure inside the case when the drain valve is opened. It is more convenient to
connect an auto-drain.

Maintenance
A mist separator should be installed as close to the equipment as possible. The pipes
at the output side must be well flushed (to remove contaminants such as dust and oil
stuck inside them). If cleaning is inadequate, these contaminants will be carried to the
equipment after the mist separator is installed.
The drainage material accumulated in the filter case must be ejected by opening the
drain valve periodically according to the amount of accumulation. The use of a mist
separator with an auto-drain is advantageous, considering overall costs. It can save
maintenance problems by preventing drainage from flowing to the output side as a
result of infrequent manual draining.
The pressure drop across a mist separator can be checked by comparing the filter
input and output pressures using a pressure gauge. If the pressure difference exceeds
96.5 kPa (14 psi) or if the MC cartridge has been used for more than one year, the
cartridge should be replaced. This is because of fatigue of the filter medium and
deterioration of the element.
An MC cartridge clogged with dust must be replaced because it cannot be cleaned.
But coalescing and separation elements can be used on a semi-permanent basis,
since they are wet with oil and, therefore, most dust won’t stick to them. In the case
that they are cleaned, a neutral cleanser should be used and the element must be
dried thoroughly. When the filter bowl becomes dirty, it must be cleaned – again with a
neutral cleanser.

Automatic drains
The amount of water that accumulates in an automatic drain is checked by a float. The
ejection port is usually closed, since the valve needle is held in its lower position by the
pressure in the bowl.

Figure 18: example of an automatic drain
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As drainage accumulates in the bowl, the float rises gradually, due to buoyancy. When
it reaches a certain position, the needle is lifted and the ejection port opened and
drainage is ejected through the port. As the float drops, the ejection port will close as
illustrated below.

Inlet
Float
Valve

Water
Outlet drain

Figure 19: automatic drain cock

Air driers
When cooling by an aftercooler or in a tank (receiver) is not sufficient, a drier is
installed to lower the under-pressure dew point. There are three main types of air
drier – respectively using adsorption, absorption or refrigeration to remove water
vapour.
The compressed air from a compressor contains contaminants such as oil, water
and dust. Oil, condensed water and dust can be removed by mist separation but
water vapour is not removed and so would condense inside pipes because of the air
temperature drop. This would accelerate rust formation. Rust and water inside pipes
cause failure in pneumatic equipment. An air drier is therefore used for removing water
vapour. The cooling type condenses the water vapour and removes it by cooling the
warm air. A refrigeration method is often used.
Recommended reading
Pages 224–231, on ‘Compressed air drying’,
in Pneumatic Control for Industrial Automation
(Rohner).
The following information is intended to summarise and supplement the above reading.
The absorbing-type drier absorbs moisture in the air with an absorbing liquid. A water
solution of chloride of lithium or triethylene glycol is used as the absorbing liquid.
Since this method dehumidifies air flowing through a mist of this absorbing liquid, a
particular temperature and humidity level can be obtained by selecting the proper
density and temperature of the absorbing liquid. Therefore, it is generally used as
an air conditioner – and rarely for compressed-air tools. For this reason, no further
explanation of this type is included here.
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Adsorbing-type air drier (regenerative type without heating)
In adsorbing-type driers, water vapour is adsorbed and removed from the air. Silica gel,
alumina gel and synthetic teolite are used as adsorbers.
In the adsorbtion process, water vapour is gathered, or collected, on the surface of the
adsorbent material. Adsorption is a phenomenon in which the molecules of a gas, liquid
or dissolved substance adhere to the surface of another material without chemically
combining with it.
The adsorbing-type air drier should be installed in main-line piping, to prevent corrosion
of the pipes by water. The adsorbent material is degraded by lubricant mist and dust,
so should be replaced once a year. Oil contained in compressed air damages the
surface of the adsorber, thereby reducing its capability and life. Therefore, an oil mist
filter should be fitted before the drier.
An adsorbing-type air drier usually has a humidity gauge so the dew point can be
constantly monitored. This humidity gauge has silica gel soaked in a solution of
chloride of cobalt and shows the rough dew point by change in its colour. The adsorber
sometimes becomes saturated when it is not used for a period of time. Before it is used
again, it must be regenerated by stopping the secondary valve of the air drier so it can
be dried.

Refrigerating-type air drier
A refrigerating-type air drier removes water vapour from the air by cooling the air
so the vapour condenses. This type is widely used because of its low maintenance
requirements.

Heat exchanger section
Humid and hot air that’s been compressed by the compressor enters the heat
exchanger first, as illustrated below. Here it comes into contact with cool air already
dehumidified by an air cooler. It then enters the air cooler in a pre-cooled condition. It
is further cooled down by a heat exchange with the evaporator of the refrigeration unit.
The water vapour in the air then condenses and accumulates as water drops at the end
of the air cooler, from which the water is automatically drained.
Heat exchanger
(reheater)

Air cooler

Refrigerating
section

Air in

Air out
Automatic drain

Figure 20: operation of refrigerating-type air drier

Refrigerating section
The refrigerating section is of the same type that’s used for general refrigeration
and air conditioning. However, general refrigeration units and air conditioners stop
when the load is low (that is when the inside is adequately cooled). But in air driers
the refrigeration unit always keeps running even if the load (compressed air volume,
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temperature and pressure) changes. This is because intermittent operation of a
refrigerator cannot supply air with a stable dew point. Therefore, surplus refrigerating
capacity runs idly inside the refrigerating part of the air drier when the load is low.

Daily maintenance and inspection checks
Daily checks should be carried out to ensure:
●●

the automatic drain device is operating normally

●●

the condenser is free of dirt and dust

●●

the refrigerated pressure is normal.
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Activity 3 – Receiver and air-preparation equipment
The following questions are designed to allow you to check your understanding of
receiver and air-preparation equipment.

Question 1
List the three main types of receiver construction.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

Question 2
List four essential items that must be fitted to a receiver.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

Question 3
At what pressure is a receiver hydrostatically tested?
_____________________________________________________________________

Question 4
Explain why a mist separator would be used in lieu of a line filter.
_____________________________________________________________________
_____________________________________________________________________

Question 5
Where should a mist separator be located in a pneumatic system?
_____________________________________________________________________
_____________________________________________________________________
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Question 6
List the three types of air driers used in air preparation.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

Question 7
List the two chemical agents used in absorption air driers.
1.

_________________________________________________________________

2.

_________________________________________________________________

Question 8
List two chemical agents used in adsorption air driers.
1.

_________________________________________________________________

2.

_________________________________________________________________
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Section 4 – System air distribution and
piping
This section looks at factors influencing air distribution networks. Theoretical and
practical aspects of directional control values and various types of fluid conductors
were covered in detail in Unit MEM18018C – Maintain Pneumatic System Components
and so will not be discussed in depth here.

Piping issues
When designing transmission lines from a compressor or receiver to the point of
delivery, it is advisable to keep the velocity of the air in the pipes to below 13 metres
per second. As the pressure loss caused by friction between the air and pipe varies
directly with the length of piping and the square of the air velocity, and inversely
with the diameter of the pipe, it can be seen that a pipeline must be designed within
reasonable limits.
Pneumatic piping can be understood easily when it is compared with the piping used in
hydraulic systems, which use fluid energy in a similar manner.

Pressure
Standard workshop pneumatic pressure is usually from 500–700 kPa (71–100 psi) and
almost always under 750 kPa. Therefore, piping construction and joining methods are
simple and inexpensive compared with those of hydraulics. Since hydraulic systems
have ‘water hammering’, caused by the incompressibility of oil, pressure-withstanding
performance must be carefully considered. However, in pneumatic systems, nylon and
polyurethane tubes can be used, since air is compressible, meaning there’s less need
for consideration of pressure performance.

Return piping
A pneumatic system is an open-loop system. Air from the atmosphere is compressed
and released to the atmosphere again after an actuator consumes the energy.
Therefore, a return pipe to a tank, which is necessary in a hydraulic system, is not
needed in a pneumatic system.
Where exhaust noise is undesirable or environmental contamination occurs, the
problem can be solved by installing a return pipe or silencer.

Leakage
No serious problems are caused by minor leakage from pneumatic systems – in
contrast to hydraulic system leakage which may cause environmental contamination
and fire hazards. In solenoid-operated valves and pressure-reducing valves, long
life and high performance can be maintained by a minor intentional leakage of air.
However, leaking pipes must be avoided as much as possible to minimise energy loss.
For example, in a large factory, many small air leaks would result in a large overall
pneumatic energy loss. Air leaks are minimised by inspecting the piping periodically.
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Water and corrosion
Some of the water vapour contained in warm air condenses during cooling and then
accumulates in the pipes. The corrosion caused by this water in the piping flakes off
the inside of the pipes and can be sent with the air to the end equipment. Since these
corrosion flakes and particles impede the operation of the equipment, the water in
the pipes must be removed efficiently and effectively. If the water is left in the pipes
and tank, the system’s pressure-accumulating capability decreases, the load on the
compressor increases and flow resistance inside the piping increases. Therefore, the
liquid must be ejected from the system in some manner to prevent these problems.

Freezing
Since the temperature of compressed air decreases with expansion, water in piping
may freeze at just over 0 °C. This would cause a drop in capability for equipment and
a possibility of piping failure. This must be carefully considered where outside piping
installation will occur in a cold environment.

Intermittent operation
Where pneumatic equipment consumes a large volume of air at one time, it is
convenient to install a supplementary tank near the equipment to accumulate the air.
Use of a supplementary tank is effective because it means that the capacity of the
compressor can be small, piping can be narrow, change of pressure will be low and the
influence on other equipment can be minimised. This is a very convenient method to
make use of the compressibility which is characteristic of air.

Network considerations
Where many pieces of pneumatic equipment are used in a factory, piping should be
laid out so the main pipe runs in a loop (Ringmain). This is to minimise the constant
changing of pressure. By attaching shut-off valves at proper intervals, the inspection of
individual piping and equipment can be done without stopping other equipment.
Other important considerations in designing a pipe network include the following.
1.

A downward slope (of approximately three degrees) should be incorporated to
help the drainage material flow to the lowest point in the pipework. A drainage
accumulator and ejecting valve should be installed at the end of the piping.

2.

When branch pipes are connected to the main pipe, they should branch off higher
than the upper part of the main pipe (that is, they should be risers). This is done so
that the drainage from the main line will not enter the branch line.

3.

Filters should be installed at proper intervals in the main and branch pipes so that
rust, carbon and water do not enter end equipment.

4.

Where filters and pressure-reducing valves are installed in pipework, flange
joints or union joints, which can be disassembled for changing and inspection
of equipment, should be used. In addition, the space necessary for disassembly
should be maintained.

5.

If long, straight pipes are used, the effects of expansion and contraction with
temperature change must be carefully considered.

6.

The inside of piping must be thoroughly flushed before assembly.
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7.

When sealing tape is wound on a threaded portion, one or two of the first pitches
of the thread should not be covered. This is so the tape will not be squeezed into
the piping and carried into the equipment.

8.

Where rubber hose or nylon pipe is used, a protective cover must be provided if
there is any possibility it will be run over by equipment or damaged in any way.

9.

Long sections of pipe should be supported every three metres.

10. Australian Standards stipulate that all pneumatic piping should be coloured light
blue with the relevant pressure shown on the pipe.

Pipe materials and joining
Materials used for pneumatic piping are:
●●

steel pipe

●●

copper and brass pipe

●●

nylon tube

●●

rubber hose.

The following can be used to join fluid conductors:
●●

screw-type joints

●●

flange joints

●●

flare fittings

●●

flareless fittings

●●

barb fittings.

Recommended reading
Page 232, on ‘Compressed air distribution’, in
Pneumatic Control for Industrial Automation
(Rohner).
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Activity 4 – Air-distribution networks
The following questions are designed to allow you to check your understanding of airdistribution networks.

Question 1
What is the correct colour for pneumatic piping?
______________________________________

Question 2
What is the ideal grading (slope) for network pipework?
_________ degrees

Question 3
Answer true or false.
Ideally, pipework should be supported every three metres.

□

True

or

□

False

Question 4
Look at the diagrams below and select the correct air take-off point from the main
pipework.
B

A

□

A

or

□

B

or

□

C

or

□

C

D

D

Question 5
List four pipe materials that can be used for pneumatic systems.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________
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Section 5 – System components,
maintenance, testing and diagnosis
Pneumatic actuators
This topic area was discussed in Unit MEM18018C – Maintain Pneumatic System
Components and will therefore not be covered in detail in this section. The following
information is designed as a review on pneumatic actuators. For more information,
refer to the reference text.

Reciprocating piston motors
These use a number of different piston and crank mechanisms and can be classified
according to their different operating principles as follows:
●●

conventional radial piston motor with pistons and connecting rods. The
crankshaft normally has only one throw and all connecting rods act on the same
crank pin. The big-end bearing is generally a roller or needle bearing, with either a
totally enclosing connecting rod big-end or a special connecting end.

●●

piston-link-type motor with double pistons. The link mechanism (called a
Scottish yoke mechanism) converts the piston travel to rotation of the output shaft.
The crank pin bearings in the links are either needle bearings or support rollers.
These motors have only four cylinders and the double pistons are at an angle of
90 degrees to each other. Compared to the conventional radial piston motor, this
design results in a more compact motor with fewer components.

●●

axial piston motor – which is available in a few versions. Air is supplied to the
pistons which extend. The ends of the pistons are in contact with an inclined disc
called a swash plate. The piston travel is converted into rotation by the swash
plate, which is attached to a drive shaft.

●●

crankless motor with the pistons acting on a cam mounted directly on the
crankshaft.

●●

linear motor – known as a pneumatic cylinder. The basic design of a cylinder is
very simple, consisting of a tube with two end-covers and a piston free to move
inside the cylinder and rigidly connected to a piston rod. The linear movement is
obtained by the piston being displaced axially in the cylinder by compressed air
being admitted to either side of the piston.

Rotary actuators
Vane-type motors
In terms of numbers, the vane motor is the predominant type of rotary motor used.
There are several reasons for the predominance of the vane motor. The high swept
volume and high shaft speed contribute to a high specific power, which makes the
motor suitable for all hand-held tools in which the mass and volume are critical. The
vane motor has few and fairly simple components.
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In comparison with piston motors, the disadvantages of the vane motor are:
●●

higher compressed air leakage

●●

the fact they are not designed for low-speed applications

●●

the fact that the vanes may sometimes stick in the rotor during starting and at low
shaft speeds, causing a reduction in torque.

Motor requirements for any application can be expressed in three terms or parameters:
power, torque and shaft speed.
The motor developing optimum power often does not have a sufficiently high torque. To
avoid the need in such cases to select a motor with an excessively high power, most
vane motors include planetary reduction gears in one or several stages.
The reasons for selecting planetary gears are that they allow the highest power
transmission per unit volume and that the design of the planetary gear train conforms
with the circular shape of the motor.

Time-delay valves
Time-delay valves, or pneumatic timers, are used in circuit applications to delay
the energisation signal or the de-energisation signal. The design consists of a
pneumatically controlled 3/2 directional control valve, a flow-control valve and a small
reservoir.
Recommended reading
Pages 29–34, on ‘Directional control valves’,
in Pneumatic Control for Industrial Automation
(Rohner).

Pneumatic sensors
Sensors are used to monitor the status of a pneumatic machine and are designed to
activate when a particular event in a cycle has occurred.
The main types of sensor are:
●●

one-way trip-and-roller valve for contact sensing

●●

back-pressure sensor for contact sensing

●●

liquid-level sensor

●●

proximity sensor for non-contact sensing

●●

gap sensor for non-contact sensing

●●

air barrier for non-contact sensing

●●

pneumatic reed sensor for non-contact sensing on linear actuators.

In most cases the signals from these sensors are weak and need to be amplified.
Consequently, these sensors are susceptible to pressure fluctuations and
contamination.
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Recommended reading
Pages 78–88, on ‘Pneumatic sensors’, in
Pneumatic Control for Industrial Automation
(Rohner).

Air contamination and filtration
By far the greatest source of trouble in pneumatic systems is contamination of the air.
Contamination may occur in several ways, ranging from unsatisfactory maintenance
procedures to ineffective filtration and inadequate cleaning of the system.
System cleanliness and filtration are important factors in the long-term performance
and effectiveness of a pneumatic system. Removal of contaminants such as dirt and
water is essential to ensure a fault-free operating life, since foreign matter is often
likely to be abrasive and also to act as a catalyst in encouraging corrosion. Moreover,
the performance of a system is upset when silting prevents valves from moving freely
through their full travel.
Air that is contaminated by fine, hard particles can lead to severe wear, both in narrow
clearances and where sudden changes of direction occur. This problem is particularly
serious where the essential sharp edges of control valves and sensors are rounded
off by erosion in high rates of flow; the result is leakage and inaccurate control of
pressures and movements.

Effect of erosion
In modern pneumatic systems, the close tolerances and high precision of the
components make it essential to keep the air as free as possible from contamination
by dirt, water and other foreign matter. Freedom from trouble cannot be guaranteed,
even when clean fluids, such as those used in air-line lubrication, are put into a new
system straight from the supplier. Various internal sources can put foreign matter
into circulation long after the system has been commissioned – matter such as pipe
scale, rust and thread sealant. Dirt and dust from the atmosphere may also be drawn
into the system if compressors are not properly fitted with filters. Fine metal particles
are continuously created by the normal wear of moving parts. Rust caused by water
contamination is a further source of trouble. Rusted parts do no operate smoothly and
rust particles can score moving parts.

Directional and pressure valves
In directional control and pressure valves, dirt and contamination can cause:
●●

blocked orifices

●●

wear to spool and body lands, creating excess leakage

●●

spools to stick, which can result in solenoid failure

●●

valves to stick and cause excessive shock loads with damage to hose, piping,
fittings and various other components

●●

the system sequence to be erratic

●●

the system or subsystem pressures to fluctuate.
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Check valves
Check valves are designed to allow fluid flow in one direction. Dirt in these valves can:
●●

cause wear on the poppet seats, creating leakage

●●

permit fluid to bypass the check (reverse flow), as illustrated below.

No flow

Reverse flow caused
by contamination under valve seat

Figure 21: check valve malfunction

Flow-control valves
In flow-control valves, dirt can cause erosion at the orifices, which will change the
valve’s flow characteristics and hence actuator speeds and cycle times.

Cylinders
Contamination in linear actuators can result in:
●●

excessive wear of the cylinder rod, packing and bore

●●

malfunction at the cushions

●●

cylinder drift

●●

the cylinder losing its capacity to hold a load.

Cylinder and piston seal wear
(cylinder drift)

Blocked orifices (will not fully retract)

Rod and bearing wear

Wiper seal damage

Figure 22: cylinder wear caused by contamination
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Maintenance notes
When cylinders are dismantled for inspection, the work area must be perfectly clean.
A sheet of paper over a bench will assist in keeping parts clean.
Carefully dismantle the actuator, taking care that parts are not damaged. Inspect all
parts for abnormal wear. Any parts showing abnormal wear should be put aside for a
qualified opinion.
Inspect the inside of the cylinder for score marks and check surface finish. The cylinder
may be free of score marks but may be distorted, which would cause the ram to flex as
it extended from the cylinder.
If a small leakage of air is noted around the rod, the cylinder end seals may be suspect.
Carefully inspect piston seals for wear, because it is these seals that prevent air
leakage around the piston.
When assembling an actuator, it is important that all seals be given a light coating of
lubricant before installation. Also, care must be taken that the shafts or cylinders slide
smoothly through the seals, otherwise small slivers of seal material may be peeled off,
causing premature failure of the assembly.
Under no circumstances should attachments be welded or fitted to cylinders, because
this causes distortion and resultant rapid deterioration of the actuator assembly.

Air motors
In pneumatic motors, the effects of contamination are generally similar to those
exhibited by compressor wear and result in a loss in motor efficiency.

Maintenance suggestions
●●

Set up a maintenance schedule and follow it diligently.

●●

Inspect filter elements that have been removed from compressors and the
system for signs of failure, which may indicate that the service interval should be
shortened or that there are impending system problems.

●●

Use clean oil in lubricators.

●●

Make certain that the oil used in lubricators is of a type recommended by the
manufacturer for the system or component.

●●

When adding oil to a lubricator, be sure to clean the areas around the dipstick and
filler cap before removing them.

●●

Before adding oil, be sure the oil already in a lubricator is clean. If it’s not, drain the
oil and refill the lubricator completely with new oil that will give good performance
under prevailing conditions.

●●

Use clean containers, hoses and funnels when filling a lubricator.

●●

Do not run the compressor or the system unless all normally provided filtration
devices are in place.

●●

Use common-sense precautions to prevent dirt entering components that have
been temporarily removed from the circuit.
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Service tips
●●

Clean the machine areas before removing pneumatic components.
Note: When steam cleaning or using water to clean a machine, be sure that filler
openings, breather caps etc are protected from possible entry of water into the
system.

●●

Use clean plastic plugs to cover the ends of disconnected lines or to plug openings
when working on a pneumatic system.

●●

A clean workbench is an absolute ‘must’ when servicing components. An
industrial-type vacuum cleaner is a valuable aid in removing dust, dirt and tiny
metal particles from the work area.

●●

Check the condition of your tools – they should be clean. Always use hammers
made of plastic or leather, so there is no danger of metal chips getting into
components.

●●

When removing parts for service, clean them and then store them in plastic bags
or other clean containers until they are installed again.

●●

When cleaning pneumatic parts, use extreme care to ensure that the cleaning fluid
is non-flammable and compatible with the system.
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Activity 5 – Pneumatic maintenance
The following questions are designed to allow you to check your understanding of the
principles of pneumatic maintenance. Check your answers with your supervisor or
lecturer.

Question 1
List four key maintenance problems common to pneumatic systems.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

Question 2
List three advantages of using a preventative maintenance program for a pneumatic
system.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

Question 3
Explain the function of a pneumatic timer.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Question 4
What technique should be used to safely locate pneumatic leaks in a system?
_____________________________________________________________________
_____________________________________________________________________
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Question 5
List four types of pneumatic sensor.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

Question 6
List five contaminants that may be found in pneumatic systems.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

5.

_________________________________________________________________

Question 7
List three possible effects of contaminants on a pneumatic cylinder.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

Question 8
List two possible effects of contaminants on a pneumatic directional control valve
(DCV).
1.

_________________________________________________________________

2.

_________________________________________________________________
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System performance
System performance depends upon several factors, which require careful consideration
during the application, design, installation and site location stages. All these parameters
should be analysed if the pneumatic system is to operate effectively and efficiently.
Loss of system efficiency through pressure and/or flow-rate drop is very costly in terms
of machine downtime and lost production. Pneumatic problems that affect system flow
and pressure are not always easy to locate. The system testing procedure described
later in this section is based on a useful step-by-step approach to troubleshooting.
Troubleshooting charts make the fault-finding process easier and faster.
Before any test procedures are carried out, the manufacturer’s specifications must be
obtained and studied to determine whether the pneumatic components are operating
within design specifications – or are having impossible system demands placed upon
them.

Effects of a drop in system flow rate
Reduced flow rate will affect the speed and cycle times of a pneumatic machine;
actuators will not extend, retract or rotate at the required speed. Actuator control will
become jerky with inconsistencies in flow as cylinders and motors are supplied at
different rates. In many complex pneumatic systems, the sequencing and positioning
of component operations will be affected as cycle times become thrown out of
programmed control.
The compressor’s discharge flow rate should be checked first to ensure that the drop in
flow is not a problem of internal leakage or incorrect setting of compressor controls.

Effects of drop in pressure
Pressure drop is essentially a reduction in system pressure as measured at one point
in an air line or pipe and compared to the pressure at a point upstream. Resistance and
friction convert pressure into heat energy. A drop in pressure affects the work capability
of a pneumatic machine by lowering the amount of work the system performs.
Machines will lose efficiency, as the cylinders can no longer operate effectively at
set pressure and force requirements. The torque capabilities of pneumatic motors
will be seriously impaired. Some motor designs require high initial pressure to start
the motor – so pressure drop will not only affect the motor’s running torque but also
start‑up torque.
Pneumatic components are dependent upon precise pressure settings and will become
erratic in operation or will not fulfil their circuit function if pressure drops below pre-set
limits. For example, pneumatic sensors, timers and pilot-operated valves are affected
this way.
The major causes of pressure drop include:
●●

pipework restrictions (for example, incorrect sizing)

●●

fitting restrictions and sharp corners

●●

incorrect pressure settings

●●

sudden enlargement in fluid conductors

●●

long lengths of fluid conductors

●●

component leakage (internal and external)
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●●

broken valve springs

●●

blocked or crimped air lines

●●

loose fittings

●●

valves not sealing correctly because of contaminants

●●

some combination of the above causes.

A combined drop in flow rate and pressure will affect the power requirements of
a pneumatic machine, especially in mobile applications, where the speed of the
prime mover will have to increase to meet system demand. Generally, compressors
powered by electric motors cannot increase revolution speed to provide greater flow
rate. Pneumatic motor performance is affected by a drop in power (torque and speed
capabilities).
Actuators convert pneumatic energy back into mechanical energy. It is here that lack
of flow and pressure instigates the fault-finding process. Jerky cylinder and motor
movements are unacceptable and the combination of these pneumatic faults results
in a machine’s power performance dropping. The problem must be solved to ensure
efficient operation.

System testing procedures
Pneumatic systems, like all machines, require routine maintenance to ensure reliability.
However, there are still times when problems occur and must be located quickly and
efficiently, especially in production applications. A step-by-step method has been
devised as a way of finding and solving pneumatic problems quickly.
These steps are as follows:
Step 1 – Know the system
Study the machine’s technical specifications to obtain an understanding of
how the system operates and the function of the machine’s components.
Obtain a circuit drawing and check the system through. Check the machine’s
maintenance records and commissioning test results, if they are available.
Step 2 – Ask the operator
Determine the symptoms of the problem by asking the operator for a detailed
description of the machine’s normal operating performance.
Step 3 – Inspect the machine
Use your senses (touch, smell, sight and hearing) to locate problems or
damage such as noisy components, air leaks, malfunctioning components
and damaged air lines.
Step 4 – Operate the machine
Operate the machine and check that the machine’s gauges are reading
‘normal’ and that there are no unusual noises. The operation of the machine’s
controls should not be ‘sticky’ or ‘spongy’. The machine’s performance should
not be slow, erratic – nor non-existent.
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Step 5 – List the possible causes
Once the fault has been located and recognised, list the possible causes –
starting with the simplest.
Step 6 – Reach a conclusion
Use a troubleshooting chart to check the list of possible causes; then decide
which is the most likely.
Step 7 – Test the conclusion
Before starting any repairs to the system, test the conclusion on the cause of
the problem. It may be necessary to use pressure gauges, a stopwatch and
rpm meters to substantiate the conclusion.

System maintenance
A pneumatic system is easy to maintain. However, like any other mechanism, it
must be operated and maintained correctly. Pneumatic systems can be damaged by
excessive pressures, fluid contamination and by high operating temperatures.
Regular maintenance will reduce your pneumatic troubles. By using a regular
maintenance programme (preventative maintenance) to care for a system, you can
eliminate common problems and anticipate special ones. Problems can be corrected or
averted before a breakdown occurs.
The following are the key problems that commonly need to be addressed in pneumatic
maintenance:
●●

water-contaminated air

●●

poor air filtration

●●

incorrect pressure settings

●●

incorrect lubricator settings, resulting in sticking valves

●●

high air temperature

●●

loose supply lines

●●

faulty seals.

The importance of cleanliness
Cleanliness is of supreme importance when it comes to servicing pneumatic systems.
Keep dirt and other contaminants out of the system. Small particles can score valves,
cause seizing of components and clog orifices, resulting in expensive repair jobs.
When servicing a pneumatic system, always do the following to ensure cleanliness.
●●

Keep the compressor and machine lubricating oil clean.

●●

Keep the system clean.

●●

Keep your work area clean.

●●

Be careful when you change or add oil.
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Strive to keep oil clean from the minute it is delivered to you. Choose a clean location
for storing the oil. When the oil is taken out of storage, use only clean containers with
lids for carrying it from storage to the point of use. Use a clean funnel fitted with a
fine‑mesh screen when pouring oil from the container into the compressor.
Keep an adequate supply of clean strainers, funnels and oil containers. Store them in
a clean, dust-free environment. Use a clean, lint-free cloth to wipe the dipstick when
checking oil levels.
Ask machine operators and service technicians to do everything possible to keep dirt
from getting into the oil during the operation and servicing of the machine.

What is good maintenance?
Good maintenance involves good work habits such as making sure you always do the
following.
●●

Use common sense.

●●

Stop, look, touch, listen before picking up tools.

●●

Change the compressor oil and filters regularly.

●●

Maintain good records.

GOOD

BAD

● cleanliness

● dirt

● high-quality oil

● water

● proper filters

● heat

● tight seals

● abuse

● normal operation

Recommended reading
Pages 89–92, on ‘Circuit presentation and
control problem analysis’, in Pneumatic
Control for Industrial Automation (Rohner).
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Activity 6 – Pneumatic fault finding
The following questions are designed to allow you to determine your understanding of
pneumatic fault-finding principles before you apply it to practical activities. Check your
answers with your lecturer or workshop supervisor.

Question 1
Explain the effect of a decrease in flow on pneumatic motors and cylinders.
_____________________________________________________________________
_____________________________________________________________________

Question 2
Explain the effect of a decrease in pressure on pneumatic motors and cylinders.
Cylinders:
_____________________________________________________________________
_____________________________________________________________________
Motors:
_____________________________________________________________________
_____________________________________________________________________

Question 3
List five possible causes of a pressure drop in a pneumatic system.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

5.

_________________________________________________________________
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Question 4
List the seven steps of a procedure which has been devised as a way of locating and
identifying pneumatic problems quickly.
1.

_________________________________________________________________

2.

_________________________________________________________________

3.

_________________________________________________________________

4.

_________________________________________________________________

5.

_________________________________________________________________

6.

_________________________________________________________________

7.

_________________________________________________________________
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