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With a sales and service network in 75 countries – as well 
as manufacturing capability in the USa, germany, China, 
UK, Switzerland, Czech republic, Mexico and Brazil –   
we have genuine global capability.

We also think local and niche: on focusing our resources on 
delivering a specific product, solution or service to meet our 
customers’ needs.

as a responsible business, we’re committed to working 
practices which contribute positively to the environments 
in which we work. Our products – including our brand new 
ivaC – are setting new standards for efficiency, helping 
customers reduce air usage and energy costs while 
improving overall performance. 

a WOrld leader in MOtiOn and flUid 
COntrOl teChnOlOgieS, nOrgren WOrKS 
ClOSely With CUStOMerS tO gain a deeper 
UnderStanding Of their engineering 
needS, and then COnneCtS itS peOple, 
prOdUCtS and expertiSe tO give their 
eqUipMent and their BUSineSS a Clear 
advantage.   
We Call thiS engineering advantage.

cREaTING aDvaNTaGE
wITH pEOplE, pRODUcTs, 
INNOvaTION aND sERvIcEs

We offer: 

→  innOvatiOn & teChniCal exCellenCe  
through four global technical centres and the 
experience of specialist engineering teams. We have 
a portfolio of patented solutions, and are always 
developing new and cost-effective technologies

 →  high perfOrManCe prOdUCtS  
covering pneumatic actuators, air preparation, 
fittings and valves. We can supply these either 
singly to meet MrO needs, or combined 
in powerful customised solutions

 →  exCeptiOnal lOCal ServiCe  
delivered through Key account Management 
teams and sector specialists committed to 
understanding and meeting our customers’ 
engineering challenges, wherever they are 
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COMpreSSed air iS Often, WrOngly 
aSSUMed tO Be a Cheap Or even 
‘free’ SOUrCe Of pOWer. in faCt it 
Can Be 10 tiMeS aS expenSive aS 
eleCtriCity By the tiMe all generatiOn, 
tranSMiSSiOn, treatMent and SySteM 
COStS are taKen intO aCCOUnt.

clEaN cOmpREssED aIR

general pneumatic Circuits

Critical pressure Control  
(instrumentation)

drip leg drain

heavy duty lubrication

good air preparation must therefore consider the energy 
consumption of the system and air treatment equipment.

norgren’s core business of air preparation is over 80 years 
old now and although there have been many changes in 
products, materials and production technologies, the basic 
principles have not really changed.

What has changed is the cost of producing air to the correct 
standard to make machines run as efficiently as possible. 
the cost of wasted energy not only in financial terms, but 
also the cost to the environment and planet are factors that 
make the selection and application of correct conditioning 
equipment more important than ever before. 

typical compressor installation
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Multiple simple applications

Breathing air

Oil-free applications

direct injection lubrication

having invented the automatic air preparation lubricator 
in 1927 norgren effectively began the practice of air 
preparation. 

delivering air of the right quality to a pneumatic device to 
enable that device to run at it’s optimum efficiency for the 
longest possible time, keeping life costs to a minimum. 

from then until now norgren have offered advice on all types 
of systems. Back in the 1970’s the first Clean Compressed air 
guide was published, this the third issue brings that guidance 
up to date to meet the changing demands of the 21st Century.

the aim of this booklet is to offer guidance on the correct, 
economic and safe treatment of compressed air in  
industrial applications.

here we can only provide a brief summary of the extensive 
experience norgren has as a world leader in frl technology.

the following pages cover the issues involved with air 
preparation and factors to consider.

for those without time to digest this guide fully the typiCal 
appliCatiOnS section shows the best practice for the most 
common types of pneumatic applications.
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aIR facTs
EvERY CUbiC mETRE Of aiR hOldS aROUNd 4 milliON PaRTiClES

this air is compressed through a compressor to make 
atmospheric air into a source of potential energy which can 
then be stored and then used as a source of motive power for 
pneumatic systems.

in the process of compressing this air heat is generated by the 
compressor, which in turn heats the air. Most compressors are 
lubricated and this hot spent, generally acidic lubricating oil finds its 
way in small quantities into the volume of compressed air along with 
the particles that the air contained. (the compressor inlet filters will 
have removed some of the particles, but by no means all).

When air exits the compressor the temperature falls and 
so any water vapour that existed in the original volume 

of air, which was condensed and heated by the action 
of compressing, will be deposited as water when the 
temperature falls below the dew point of that volume of air. 
(see Cleaning – water vapour).

a typical 50 l/s (100 scfm) compressor will deliver 4.500 litres 
of water and 8 litres of degraded compressor oil into a system 
in a year along with the particles carried by the air and any 
wear particles generated by the working of the compressor.

in order for this air to be usable all of this contamination needs 
to be removed and the air pressure reduced to the optimum 
for the equipment being operated and in many instances 
lubricated to extend the operating life of the equipment.
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GENERaTION DIsTRIBUTION  
aND TREaTmENT

→ 1.  the compressor should be situated within a cool, well 
ventilated but dry environment. Cool air is densest 
and so the compressor will need to do less work to 
compress it to a given pressure compared to warm air. 
good ventilation will ensure that the air temperature 
does not build up. this saves on energy costs and will 
produce less water in the compressed air when it cools.

→ 2.  generally in the UK the compressor and aftercooler 
are followed by a refrigerant dryer (see Cleaning – 
dryers), these are typically employed in countries with 
temperate environments with moderate temperature 
swings between Summer and Winter. this produces 
a dew point of around 3-6 degrees C when working 
correctly and suitable for most factory environments.

 When dryer air is required it is best to add additional 
equipment to that application or section of the plant 
only. producing dryer air (lower dew point) is more 
expensive than the same size refrigerant dryer, so the 
choice is produce all the plant air to the highest quality, 
or only produce the best quality at the application that 
demands it. By far the most cost effective method is the 
latter. equipment needed to produce low dew points is 
not only more expensive and generally requires more 
energy to run but will also increase the pressure drop to 
the system. the amount of pressure drop is dependant 
on equipment selection, but can easily be an extra 0,5 
bar. the greater the pressure drop in a system then 
the higher the generation pressure required from the 
compressor to overcome it. a guide to the magnitude of 
this cost is that for every 1 bar increase in generation 
pressure the energy cost will increase by 7%.

 the cost of equipment is also dependent upon 
flow, large flow needs larger equipment which 
has a higher installation cost and running costs. 
from the above it is easy to recognise that the cost 
of producing very dry air to a small section of a 
plant will give cost savings on several levels.

→ 3.   after the refrigerant dryer the air passes into a 
receiver, which ideally is situated in the coolest 
location possible, this will allow any water that may 
condense out if the temperature falls below the 
dew point of the air to be drained from the system. 
these conditions may occur overnight for example.

 the receiver is used as a store of potential energy and 
allows for even running/loading of compressors and for 
supplying uneven demands into the factory itself. for 
most UK factories the temperature within the factory 
is above the ambient (outside) temperature at which 
the air was stored in the receiver, so unless a local 
process produces an extremely high flow or pressure 
drop combination or the distribution pipes are exposed 
to severe Winter drafts the temperature should not 
fall sufficiently to cause more water to condense out 
at the application. Simple low cost, low pressure drop, 
mechanical filters can guard against this eventuality.

→ 4.   relatively dry air can then be distributed into the 
factory using a ring main system. this system gives 
even distribution of air into the factory as the ring allows 
air to flow in both directions and prevents air starvation 
which can occur from simple line (or spur) supply.

 the variety of applications using compressed air 
to carry out a multitude of operations can then be 
fed from this ring main and only the equipment 
needed for the optimum performance of that 
application need to be employed. any piece of air 
preparation equipment that is not required for the 
safe operation and optimum performance of any piece 
of equipment is a source of unnecessary pressure 
drop and simply adds cost, so should be avoided.

See typiCal appliCatiOnS fOr 
exaMpleS Of eqUipMent reqUired fOr 
COMMOn pneUMatiC OperatiOnS.

figure 1 shows a typical 
compressed air installation.
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REmOvING cONTamINaNTs

lIqUID waTER
in compressed air systems water vapour exists as a 
contaminant originating at the compressor outlet in vapour 
form, but as the air cools, it will exist as both liquid and vapour.

the amount of water vapour that can exist in any given 
volume of compressed air is directly proportional to the air 
temperature and inversely proportional to the pressure.

Most liquid water will be present when the temperature is 
lowest and the pressure is highest and removal at this point 
will achieve the highest efficiency.

in order to achieve this an essential element of any system 
following the compressor is an efficient aftercooler of 
sufficient capacity to reduce the temperature of the outgoing 
air to within 8°C of the temperature of the water entering the 
aftercooler. Most modern compressor packages contain an 
efficient aftercooler.

the outgoing air should then be piped to a receiver of 
adequate capacity located in the coolest location available, 
definitely not within the compressor house itself. this will 
permit further cooling of the air to occur and therefore  
more condensation.

generally the capacity of the receiver should be around 
30 times greater than the rated free air delivery of the 
compressor when operating in the 7 bar region, typical of  

most industrial air supplies. See figure 1 for a typical 
compressor installation.

further cooling may occur in the distribution mains 
themselves. these should be laid out with a pitch in the 
direction of air flow so that gravity and air flow will carry 

water to drain legs located at appropriate sites. down loops 
in distribution mains should be avoided, if not locate a drain 
leg at the down loop. With the exception of drain legs all air 
take-off points from the distribution mains should be taken 
from the top of the main to prevent water from entering the 
take-off lines. See figure 1 for a typical good distribution  
main arrangement.

as stated earlier most efficient water removal will take place 
at high pressure, so anything which will produce a pressure 
drop within the distribution system should be avoided. this 
will also be a loss of energy to the system and increase the 
cost of compressed air generation. areas to avoid here are 
complex flow paths with undue bends and inadequately sized 
piping. See page 31 reference data for friction losses in pipe 
and for recommended pipe flows.

the action of removing the water can be achieved by drip leg 
drains, automatic drain valves and as discussed later, filters. 
these devices should be located in positions where liquid 
water is present in amounts large enough to be removed 
(See figure 3). Because of the possibility of cooling occurring 
during the passage of the air through distribution mains 
and branch lines it is preferable to install smaller individual 
filters as near to the actual point of air usage as possible, 
rather than rely on one large filter adjacent to the air receiver. 
a point to remember is that since most water will be present 
at higher pressures, always locate filters upstream of any 
pressure reducing valves.

filters which have the ability to remove water are designed 
for efficient water removal and low pressure drop in 
accordance with the recommended pipe flows (see page 31) 
and norgren filters will have high efficiencies up to 200% of 
this recommended figure and generally beyond.

the air prOdUCed By a COMpreSSOr iS hOt, Wet and dirty. the 
firSt Step in gOOd air preparatiOn iS tO filter OUt theSe 
COntaMinantS. thiS SeCtiOn COnSiderS the reMOval Of liqUid 
Water, Water vapOUr, SOlid partiCleS and finally Oil.
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waTER vapOUR
a properly designed air preparation filter of the correct 
size, in the correct location will effectively and efficiently 
remove liquid water, but will not reduce the water vapour 
content of the air. further air cooling may result in more 
water condensing out. if complete freedom from water 
contamination is essential then the water vapour content of 
the air must be lowered such that the ‘dew point’ of the air is 
lower than any temperature that the air can be exposed to in 
the system.

Once all liquid water is removed from compressed air, then 
normally the air will be completely saturated with water 
vapour. the particular temperature and pressure at which 
the compressed air exists at that moment is known as the 
pressure dew point.

dew points are normally measured at atmospheric 
pressure and can be related to pressure dew 
points through appropriate charts.

in order to remove water vapour from a compressed air 
system air dryers must be employed. the efficiency of 
these devices is much increased by ensuring that they are 
not contaminated by liquid water or oil (or combinations - 
emulsions) and are supplied with air at the lowest possible 
temperature. So they are additions to the system and not 
alternatives to filters and aftercoolers.

there are 4 principle types of air dryer:

→  refrigerant    
Using the same principle as a refrigerator. air passes 
across a heat exchanger which has a coolant liquid 
in it and the air is subsequently cooled and as the 
temperature drops water vapour condenses out into 
liquid and is removed. generally air exiting the dryer 
passes into a higher ambient temperature and so no 
further condensation occurs.

→  regenerative adSOrBent deSiCCant   
the desiccant material absorbs the water vapour from the 
air passing over it and so reduces the dew point of the air. 
the desiccant material can only adsorb a given amount 
of water until it becomes saturated. the media can be 
dried out and then reused. Small discrete dryers can be 
produced in this manner. Some dryers can regenerate 
themselves by incorporating two “towers” of desiccant 
material and a heater, so that continual drying can take 
place. One tower being dried and regenerated whilst the 
other continues to remove water vapour, when this is 
saturated the process is switched to the other tower.

→  deliqUeSCent aBSOrBent   
Similar to desiccant except in this case the drying 
material is ultimately dissolved into the water it absorbs.

→  MeMBrane     
air passes through semi-permeable membranes and 
the water vapour passes through the membrane by a 
process of plasmolysis (reverse osmosis) and as the 
water vapour is removed the dew point is suppressed. 
the amount of suppression is related to the contact 
time with the membranes and the pressure. So low 
flows and high pressure will give the lowest dew points. 
(the general comparative abilities and comparative 
costs are tabled in the reference data on page 31). 

 in order to keep the costs of air drying    
 to a minimum consider the following:

→ does the particular process require air drying or will 
efficient aftercoolers, receivers and filters suffice?

→  do not specify extremely low dew points if the 
process does not warrant them.

→   limit the volume of air being dried to that actually 
needed for the particular process with an adequate 
margin for future expansion. this may indicate only 
one area of a process plant need employ a dryer.

→    the major requirement for air dryers in general 
industrial applications is where high ambient 
temperatures exist.

figure 2 
Typical Compressor 

installation
figure 3 

drip leg drain
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sOlID paRTIclEs
like water, solid particles exist in any compressed air system 
regardless of the type of compressor. these can arise from 
four principle sources:

→  atmospheric dirt inhaled at the compressor inlet port.

→  Corrosion products due to the action of water and weak 
acids formed by the interaction of water and gases 
such as sulphur dioxide inhaled by the compressor.

→  Carbon products formed by the action of the 
heat of compression on the lubricating oil or the 
normal wear of the carbon piston rings used 
in some types of oil free compressors.

→  particles originating from the mechanical 
fixing of the metal pipe work and components 
into the air distribution system.

the size of dirt particles covers a very wide range from 
several hundred to below one micron (see figure 4) and the 
level of filtration depends upon the degree of cleanliness 
needed for the particular process involved. generally it 
is inadvisable to provide finer filtration than is absolutely 
necessary because the finer the filtration, the greater the 
quantity of dirt trapped by the filter element and the more 
rapidly it will become blocked.

particles can be broken broadly into two groups, coarse  
(40 microns and above) or fine. Most normal air preparation 
filters will satisfactorily remove particles down to 40 microns.

fine filtration in the region 10–25 μm is normally required 
for high speed pneumatic tools or process control 
instrumentation. filtration of 10 μm and below is essential 
for air bearings and miniature pneumatic motors. norgren 
general purpose filters are available with different grades 
of element to offer these various filtration levels (see figure 
5). Some applications may need filtration better than this 
and indeed for paint spraying, breathing air and food related 
applications particle removal below 1 μm is also essential 
(see figure 6). Standard air preparation filters cannot be used 
and high efficiency filters (oil removal/coalescing filters) 
must be employed. Standard air preparation filters should 
still be employed as pre-filters to these high efficiency filters. 
high efficiency filters will remove these extremely fine 
particles and if exposed also to the coarser particles they 
will simply clog and become congested with dirt extremely 
quickly. all elements will become blocked in use.

for any given application, the finer the filtration, the greater 
the pressure drop and so the greater the energy cost. 
Similarly the finer the filter, the faster it will block and 
increase maintenance costs.

the level to which the blocking is acceptable is dependent 
upon the application and the energy consciousness of 
the plant operation. Standard filters can be cleaned and 
reused but in today’s environment with labour costs high 
and spare parts inexpensive it is normally better to replace 
elements. this will also ensure minimum pressure drop on 
reinstallation as cleaning at very best will only remove 70% 
of accumulated particles. high efficiency filter elements 
cannot be cleaned and must be replaced before they become 
blocked with dirt.

 
                     l l  ll l l l l l l l  l   l

Particle Diameter, microns

 0,01 0,1 1,0 10,0 100

aerosols 

Spray

tobacco Smoke

human hair

viruses

Bacteria

Silt

fine Sand

Carbon Black

Coal dust

pollens

paRTIclE sIzEs - fIGURE 4
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Under normal usage conditions general purpose filter 
elements are usually changed before their pressure drop is 
greater than 0,5 bar, or in routine annual maintenance. it is 
often best to align the element change with the maintenance 
schedule of the piece of plant to which it is attached as out-
of-phase schedules can often be overlooked. the period can 
always be adjusted by monitoring for critical applications 
using a service indicator (figure 7).

high efficiency filters should have their elements replaced no 
later than when a pressure drop of 0,7 bar is achieved. again 
a low cost service indicator is often employed. this device 
has a scale of two colours, usually green/red. the elements 
should be changed when or before all red is achieved. 
electrical service indicators are also available from norgren, 
to provide remote signalling. Maintenance schedules can 
be produced to ensure this ‘last chance’ situation is not 
achieved, indeed some applications cannot tolerate even this 
much pressure drop, especially if this is at the generation 
point of a large compressed air distribution main as the cost 
of extra energy alone would be very large.

the most prudent approach to servicing is to change 
coalescing elements annually as the cost to clean a 
contaminated system is generally high.

OIl
the principle source of oil contamination within a 
compressed air system is from the compressor. an oil 
lubricated compressor of 50 dm3/s capacity may introduce 
as much as 0,16 litres of oil per week into the system.
Oil is used for lubrication of the compressor but when it 
emerges with the compressed air prior to distribution the 
oil is now in a totally unusable state. having been subjected 
to high temperatures during air compression it becomes 
oxidized and acidic and can be considered as an aggressive 
contaminant rather than a lubricant and so must be removed.

normal air preparation filters will remove sufficient liquid 
oil (along with water) to leave the air in a suitable condition 
to supply most pneumatic tools and cylinders, but certain 
processes demand completely oil-free air. One solution 
is to use oil-free compressors. these will still produce 
air contaminated with dirt and water and it is often more 
economical to use lubricated compressors in conjunction 
with after coolers and standard air preparation filters, only 
fitting high efficiency oil removal filters at the points in the 
system which demand oil-free air. this ensures that the 
amount of air needing special treatment is kept to a minimum 
by allowing a smaller specialized filter in the affected area 
and not a large specialised filter for the whole plant. this will 
increase system pressure drop and therefore energy costs 
as well as maintenance costs.

Oil in a compressed air system can exist in three forms, oil/
water emulsions, aerosols (small particles suspended in the 
air) and oil vapours. emulsions can be removed by standard 
air preparation filters but the aerosols are our next concern.

figure 5 
General Purpose 

filter

figure 6
‘Puraire’ Coalescing 

filter

figure 7
filter Service 

indicator
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OIl aEROsOls
these particulate oil droplets exist in the airstream and the 
most troublesome are in the size range 0,01 to 1 micron 
(approx 90%), the rest may be slightly larger (see figure 4 
particle size chart).

Most standard air preparation filters achieve water removal 
by centrifugal action but due to their small particle size and 
mass these aerosols are unaffected and require special 
coalescing filters.

in addition to removing the oil droplets these filters will also 
remove minute water droplets, but they must be protected 
against gross dirt or water contamination by means of 
standard air preparation filters mounted immediately 
upstream (figure 8). it is normally advisable that these filters 
are capable of removing particles down to 5 microns or less 
otherwise the coalescing filter may quickly become choked 
and blocked with dirt, requiring a filter element replacement.

Coalescing filters are normally rated by the amount of air 
which they can ‘process’ to achieve a given oil removal 
performance, normally a maximum remaining oil content

in the exit air of 0,01 mg/m3 (or 0,01 ppm). to try to overflow 
these units will not only result in a greater pressure drop 
across the unit and therefore extra energy cost but more 
importantly the remaining oil content will increase. this may 
be acceptable for some applications where oil removal down 
to the order of 0,5 mg/m3 is quite adequate to give a degree of 
protection to a system particularly prone to gross   
oil contamination.

figure 11 shows norgren coalescing filters flow capacities to 
achieve their given performance.

OIl vapOUR
for most processes the removal of oil vapour is 
unnecessary since unlike water vapour, oil vapour 
exists only in minute quantities and is not objectionable 
except in circumstances where its odour is unacceptable 
eg. in food processing, pharmaceutical and beverage 
industries and breathing air applications.

the most common method of removal is to pass the air 
through an adsorbing bed, usually of activated carbon, 
although other materials can be used.

Such vapour removal filters will normally reduce the total 
remaining oil content when used in conjunction with a 
prefilter (general purpose filter) and a coalescing filter to 
0,003 mg/m3.

a common misconception of these filters is that they will 
remove carbon monoxide or carbon dioxide - they will not.

as with oil removal (coalescing) filters the vapour removal 
filters should only be employed where their function is 
needed, the maximum flow rating is not exceeded and 
they are preceded by a general purpose and a coalescing 
filter. this will minimise the size of the filters required and 
therefore the cost of the installation.

norgren offers an integrated coalescing and vapour removal 
filter in the Olympian plus range. (See figure 9). this includes 
a colour change indicator as standard, which indicates the 
presence of oil aerosols or liquid oil (fault condition).

lifetimes of activated carbon elements are strictly limited to 
the reactivity of the carbon materials surface. at 21°C this is 
1.000 hours, at higher temperatures this figure drops rapidly. 
the elements cannot be regenerated and reused.

the location of the compressor intake may also have an 
effect on the level of filtration required, if for example the 
intake is situated by a source of hydrocarbon vapours etc. 
Clean air intake will reduce the cost of producing clean 
compressed air.

figure 8Oil removal filter with general purpose pre-filter

figure 9
‘Ultraire’ oil vapour 

removal filter
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PiPe  Unit Flow (dm3/s)*
size

1/8” f07            9 

1/4” f72g            30 

1/2” f64g                   75

 f74g                        83

1” f68g                                         190 

2” f18                                                                           765 

*flow at 6,3 bar and 0,5 bar pressure drop.

GENERal pURpOsE fIlTER flOws - fIGURE 10

fIlTER sElEcTION
Once all of the contaminants have been considered the 
degree of cleanliness of air for each part of an industrial 
plant or process can be determined. By only employing the 
correct filters in the right location energy and maintenance 
costs can be kept to a minimum. the volume of air involved 
in each stage must always be considered as undersized, 
inappropriate filters are a prime cause of high energy costs.

recommendations on air drying are particularly difficult 
since this is dependant upon the temperature of the 
compressed air main adjacent to the application/machine 
 the level of pressure reduction and air flow rate.

for well laid out generation and distribution systems drying 
is seldom required in countries of typically low to moderate 
relative humidities and ambient temperatures, except for 
specialist applications.

When choosing a filter to clean compressed air ensure:

→  the correct type of filter and element rating 
is selected for particle removal.

→  the liquid removal efficiency is high and 
that re-entrainment is not possible.

→  ease of maintenance and liquid 
condensate collection is possible.

→   easy visibility of condensate and/or element ensures 
that function is achieved or shows if maintenance 
is required. this may be a pressure drop device, 
liquid level indicator or transparent bowl.

in order to aid determining the type of water / particle and 
oil removal a system or application would generally require, 
figure 12 shows some typical applications and filtration levels.

having determined these levels a user can employ suitable 
filtration equipment to meet these requirements in 
conjunction with the generation and distribution system 
employed in their plant. the generation and distribution 
arrangement having a major effect on the condition of the 
air arriving at each application point and as previously 
mentioned duplicate or unnecessary equipment adds to 
pressure drop and running as well as acquisition costs.

PiPe  Unit Flow (dm3/s)*
size

1/8” f39                2,8

1/4” f72C                  4,5

3/8” f64C                                16

 f64B**                      7

 f74C                                16

1/2” f64h                                  28

 f64l**                           11

  f74h                                  28

3/4” f68C                                    35

1” f68h                                           60

1 1/2” f47                                                        118

2” f47                                                           156

 f47                                                              284
  
 | | | | 
 0 10 100 1000

aPPlication oil or 
VaPoUr 
remoVal

Particle 
Filtration or 
Pre Filter size

air agitation v 5
air bearings O 5
air gauging O 5
air motors n 40
Brick and glass machines n 40
Cleaning of machine parts n 40
Construction n 40
Conveying, granular products O 5
Conveying, powder products v 5
fluidics, power circuits O 5
fluidics, sensors O 5
foundry machines n 40
food and beverages v 5
hand operated air tools n 40
Machine tools n 40
Mining n 40
Micro-electronics manufacture v 5
packaging and textile machines n 40
photographic film processing v 5
pneumatic cylinders n 40
pneumatic tools n 40
pneumatic tools (high speed) n 40
process control instruments O 5
paint spraying v 5
Sand blasting n 40
Welding macines n 40
general workshop air n 40

kEY 
N = None O = Oil Removal 40 = 40 micron General purpose filtration 
v = vapour Removal (+ oil removal)  5 = 5 micron General purpose filtration 

*flow with 6,3 bar inlet to achieve ‘class’ requirements.  
**Oil and vapour removal combined unit.

HIGH EffIcIENcY fIlTER flOws - fIGURE 11

REcOmmENDED fIlTRaTION lEvEls - fIGURE 12
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pREssURE cONTROl

all pneumatic equipment has an optimum operating 
pressure. Using it at a higher pressure causes excessive 
wear, with no significant increase in output, whilst wasting 
the compressed air itself and the cost expended in 
generating it. if the compressed air is stored at this higher 
pressure and only used at exactly the lower level required 
for the application the storage vessel or receiver need 
only be topped up from some intermediate figure to the 
full capacity, which is more efficient. in order to achieve 
this optimum usage the compressor usually operates 
between two pressure levels, that is the receiver normally 
has a pressure switch set to give compressor cutoff at the 
required storage pressure (usually the highest achievable for 
filtration efficiency) and a lower level usually about 10 - 20% 
lower. this figure can be adjusted for the optimum when the 
receiver size, system flow demand and compressor output 
rating are considered. the outcome of this arrangement 
is that the compressor is not continually running, using up 
excess energy, producing more heat which produces more 
water, which must be removed (extra cost) to supply a system 
requirement at too high a pressure which causes excessive 
wear (extra cost) for no increase in output.

Cylinders rely on the inlet pressure to generate the required 
force in their application, maybe a crimping operation to 
achieve a strong mechanical joint. if the generated air from 
the compressor is simply supplied directly into the mains 
it will vary both from the compressor loading (cut-in and 
cut-off settings), but also as other parts of the plant demand 
air for their applications, giving a greater pressure drop in 
the distribution ring main. this resultant variation in supply 
pressure will give a varying crimping force from the  
cylinder and therefore varying quality, possibly faulty   
and reject product.

a pressure reducing valve can therefore generate cost 
savings greater than its purchase price in a short time 
period. also it is mandatory in such applications as blow guns 
and cooling nozzles where the use of compressed air at high 
pressure is potentially hazardous. 

pressure reducing valves or regulators have two principle 
characteristics that must be considered in establishing which 
to select, their ability to keep the outlet pressure constant 
irrespective of the inlet pressure (called the regulation 
characteristic) and irrespective of the outlet flow (flow 
characteristic). Standard designs are manufactured which 
achieve certain levels of the ideal performance on each 
characteristic. a simple application with loose demands of the 
two principle requirements could employ a standard (general 
purpose) and therefore low cost reducing valve. the correct 
selection and deployment in the relevant part of the air system 
will achieve the lowest cost most energy efficient system.

the penalty for poor regulation characteristics is that the 
outlet pressure will vary but in the bulk of compressed air 
applications, inlet pressures are fairly constant so this poses 
few problems.

the penalty for poor flow characteristics is pressure drop 
which directly reflects in energy costs. every regulator suffers 
from some amount of pressure drop so for good system 
design this is the more important property to examine.

an important cost saving can be achieved by employing a 
reducing valve in conjunction with double acting cylinders 
where a reduced pressure can often be used advantageously 
on the non-working return stroke and cost savings as high as 
30% can be achieved. this can be very important on multi-
cylinder installations.

a point common to all pressure regulators is that in order to 
work constantly and repeatability within their design limits 
they will require a supply pressure at least 1 bar higher than 
the required outlet pressure. they will work with a lower 
differential but performance can be impaired.

in Order tO USe COMpreSSed air MOSt effeCtively and 
effiCiently it iS neCeSSary tO redUCe the preSSUre tO 
preCiSely the level reqUired fOr itS appliCatiOn.

14



TYpEs Of REGUlaTOR
although norgren produces a vast array of regulators they 
can be broadly broken into 4 types:

→ general purpose

→ pilot Operated

→ precision

→ Special purpose

→  general pUrpOSe regUlatOrS   
are of the diaphragm type (figure 13). in general these 
are more sensitive than piston type regulators which 
tend to have better flow capacity for a given size.in the 
majority of compressed air systems response, rather 
than compactness for a given pipe size is the major 
requirement, hence diaphragm type regulators are 
most common.

 regulators can be relieving or non-relieving. the 
relieving feature allows for the system (outlet) pressure 
to adjust from a higher level to a lower one without 
actuating downstream equipment (this is done by having 
a vent hole through the diaphragm to atmosphere). 
generally this relief hole is very small in relation to the 
regulator main ports so no more than a bleed flow can 
be achieved and this should not be considered a full 
relief or even safety relief device.

 non-relieving versions do not have a connection from 
the downstream system to atmosphere and so can 
only be adjusted from a higher desired or achieved 
outlet pressure to a lower one by cycling downstream 
equipment or using a 3/2 shut-off valve to expel excess 
air from the downstream system.

→  pilOt Operated regUlatOrS   
are those that do not have a direct mechanical means of 
adjusting the outlet pressure. this eliminates leverage 
problems with the manual adjustment mechanisms 
in achieving high (16 bar plus) pressures in large pipe 
size units. the outlet pressure is controlled by means 
of an air pressure signal (figure 14) which is normally 
produced by a precision regulator. this allows for 
example a pilot operated regulator to be remotely 
situated in the large distribution mains normally in 
a building’s roof, but be adjusted to give the desired 
output pressure from shop floor level. for the majority 
of pilot operated applications it is best to take the 
system or outlet pressure reading from the pilot 
operated (often called a slave or main) regulator itself 
or the distribution system as the pilot regulator’s outlet 
pressure is generally not the same.

 pilot operated regulators also give better performance 
by eliminating the control spring and usually have a 
large diaphragm area compared to valve area which 
also improves the accuracy of pressure control in 
response to small pressure changes.

 another level of control accuracy can be achieved 
by employing a feedback pilot regulator. this device 
senses the outlet pressure in the system and a piped 
connection feeds this signal back to the pilot regulator 
which compares it to the desired outlet signal and 
‘compensates’ by increasing the outlet pressure if the 
feedback signal is too low, or decreases if the signal  
is too high. this type of control is usually employed 
where a large steady air flow to a continuous process  
is required.

SUPPlY aiR

CONvENTiONal
PilOT
REGUlaTOR

PilOT OUTPUT liNE

PilOT OPERaTEd
REGUlaTOR

OUTlET
aiRSUPPlY aiR

figure 13
General Purpose Regulator

figure 14
a typical pilot operated 

regulator installation
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→  preCiSiOn regUlatOrS   
(or controllers) are normally used for instrumentation 
applications where exact repeatability and freedom 
from outlet pressure setting drift over short or long 
term operation is necessary. these regulators normally 
have a small outlet flow range, but exhibit superior 
flow and regulation characteristics. their ability to 
achieve the ideal of these characteristics over flow and 
pressure ranges is reflected in their size and price.

 generally most precision regulators employ a special 
arrangement to allow a constant bleed of air to escape 
to atmosphere. although this is a cost to the system as 
a whole, being a loss of air, it is the price which must 
be paid in order to achieve the very fast response to 
the applications demands needed to keep the system 
pressure as constant as possible. the best types of 
precision regulators also employ an integral pilot 
operation, producing effectively two diaphragms 
and valves, one small and sensitive the other a slave 
to ensure that the overall performance meets the 
requirements of the particular application.

 the bleed flow can either be from the inlet or outlet 
side of the regulator, with the bleed from the outlet side 
being at the outlet pressure and therefore the bleed 
flow will be less, saving energy. norgren precision 
regulators are typically of the secondary bleed type  
and so are more energy efficient.

→  SpeCial pUrpOSe regUlatOrS  
Can cover a whole range of specific demands 
including meeting exact environmental requirements 
with special materials, having high relief flows, 
plunger operation in place of handwheels etc. 
they can be derivatives of any of the other types of 
regulators with application specific additions.

 another type of special purpose regulator has a very 
high relief capacity and some have the ability to relieve 
up to 80/90% of their recommended regulated flow for 
specialist application such as tensioning belts, paper 
rolling and balancing (figure 15).

REGUlaTOR sElEcTION
ensure the regulator chosen exactly fits the performance 
requirements of the application.

a regulator which controls the pressure to a distribution 
main is usually of the general purpose type or for large 
volume/flow applications pilot operated.

decide if the performance requirements need a standard 
or precision regulator. then decide if the flow capacity of 
the regulator is suitable for the pipe size needs (see figure 
37) and check with the regulators flow characteristics. 
figure 16 shows flow ratings of norgren general purpose 
regulators. if there is no variation in the inlet pressure to 
an application then the regulation characteristic of the 
regulator is unimportant but the flow characteristic will 
be. if the inlet pressure is exposed to variations then the 
regulation characteristics of the chosen regulator must also 
be considered.

a variety of spring ranges are offered with most regulators. 
ideally the regulators should be operated inside the middle 
third of their range, since at the lower end of their range 
the spring loses some sensitivity and at the higher end may 
suffer in linearity. also low rate springs can help reduce 
pressure droop, so springs can be selected to best fit the 
systems requirements.

if a precision regulator is required decide on the level of 
sensitivity, flow and regulation characteristics and if required 
relief capacity and temperature sensitivity. Select only a 
regulator suitable for its application. Correct selection could 
see a general purpose regulator with ordinary performance 
characteristics fulfilling what may be considered a precision 
regulators function without system degradation at a lower 
installed cost and more cost effectively.

figure 15
Norgren micro-Trol Special 

Purpose Regulator
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fIlTER/REGUlaTORs
filter/regulators both clean the air to the application and 
control the pressure in one compact unit. for general 
purpose applications filter/regulators are usually lower 
cost than two separate units. the filter/regulator also 
ensures that the regulator has the best protection it can 
have. if there is dirt in the system it can lodge on the valve 
seat of the regulator and cause creep – a fault condition. 
By using a combined filter/regulator there cannot be 
anything between the two units eliminating the possibility 
of putting a source of contamination between them, 
such as breaking into the pipe between the two units to 
introduce a tee-piece for another outlet line and leaving 
some pipe debris. 

Some specialist filter/regulators are available for 
instrument applications with fine particle removal or 
even oil removal properties with precision regulator 
characteristics, as are others with special material 
compatibility.

PiPe   Unit Flow (dm3/s)*
size

1/8” r07        6,5 

1/4” r72g          33 

1/2” r64g                          120

 r74g                         105

1” r68g                                 180 

2” r18                                                                          950

*flow with 10 bar inlet, 6,3 bar outlet and 1 bar pressure drop.

PiPe   Unit Flow (dm3/s)*
size

1/8” B07          6,2

1/4” B72g             38

1/2”  B64g                       106

1/2”  B74g                       100

1” B68g                                                                      240

*flow with 10 bar inlet, 6,3 bar outlet and 1 bar pressure drop.

figure 13
General Purpose filter/

Regulator

figure 19
instrument filter/

Regulator

GENERal pURpOsE 
REGUlaTOR flOws - fIGURE 16

NORGREN fIlTER/REGUlaTOR flOws - fIGURE 17
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lUBRIcaTION

excessive resistance to motion will result in extra power 
consumption and excessive wear will result in shortened 
equipment life. Both result in extra cost.

a lot of equipment today is produced and labeled as “non-
lube”, these are effectively packed with grease to perform 
the lubrication function. On installation they are full with 
grease which will be consumed during operation until it is 
fully consumed and then the device will run dry and wear 
will increase, along with increasing pressure drop (energy 
loss = higher running cost) until it fails. testing of valves 
and cylinders has shown that employing air preparation 
lubrication to these devices will increase their life by a factor 
of 4. a very marked saving in maintenance costs, both in 
downtime and acquisition costs. 

there are two basic types of lubricator in general use, 
aerosol and injection pump.

aEROsOl lUBRIcaTION
the most widely used is the aerosol, which was the first type 
of dependable automatic air preparation lubrication device, 
invented by norgren in 1927.

norgren aerosol lubricators are available in two main types, 
Oil-fog and Micro-fog.

in an Oil-fog lubricator the oil aerosol produced generally 
has relatively large oil particles and so will only remain 
airborne for relatively short distances. as a general rule of 
thumb the maximum distance an Oil-fog lubricator should 
be placed from the pneumatic device it is to service is 9 
metres. large particles are more strongly affected by gravity 
and so Oil-fog lubricators should not be used in attempting 
to lubricate a device at a higher level than the lubricator. 
the Oil-fog type of lubricator is employed by almost all 
pneumatic manufacturers of air preparation equipment.

the Micro-fog lubricator, unique to norgren uses a special 
fog generator to atomise only a fraction of the oil.

Because the airborne fog is now made up of only light 
particles, less than about 2 microns in size, gravity does not 
have the same effect upon it and so this fog can travel not 
only “up-hill” but also for long distances and through more 
complex feed lines without wetting out in the pipe. Micro- fog 
can also ensure proportionate distribution through multiple 
lubrication outlets, ideal for multiple valve control circuits.

a comparison of these two types of lubricators can lead to a 
simple division of them as being high delivery (Oil-fog) or low 
delivery types (Micro-fog). all of the droplets of oil shown 
in the Oil-fog sight dome will be delivered into the system 
and for the Micro-fog only about 5 to 10% of the droplets 
witnessed will be delivered. the Micro-fog can therefore 
be used in applications where only very small amounts 
of lubricant are required, possibly over large areas. By 
adjustment of the drip rate higher oil delivery can be achieved 
to match that of an Oil-fog lubricator at normal usage rates.

the Micro-fog principle has made possible the application 
of aerosol lubrication to general machine lubrication such as 
bearings, gears, chains etc.

Both Oil-fog and Micro-fog lubricators include a non-return 
valve in the syphon tube to ensure immediate lubrication as 
soon as the air is turned on. however for some rapidly cycling 
duties or systems with small stroke cylinders it is sometimes 
not possible to lubricate correctly with conventional 
lubricators. for such applications system modifications such 
as quick exhaust valves must be employed or a bi-directional 
lubricator suitably located can overcome such problems.

all standard norgren aerosol lubricators, up to 1” nominal 
bore are constant density devices. this means that having set 
the drip rate for a given flow if the flow rate changes, then the 
amount of oil delivered will also change in direct proportion. 
So doubling the flow rate will double the oil delivery, so 
the density of oil in the output air remains the same. this 
prevents over or under lubrication to ensure even wear and 
minimum energy loss.

the next iMpOrtant Step in prOCeSSing COMpreSSed air iS that 
Of intrOdUCing intO the air a SUitaBle aMOUnt Of lUBriCant, 
USUally Oil tO enaBle the Operating eqUipMent tO perfOrM tO itS 
reqUireMentS effiCiently WithOUt exCeSSive reSiStanCe Or Wear. 
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PiPe Unit Flow (dm3/s)*
size

1/8” l07             5

1/4” l72               24 

1/2” l64                      72

1/2” l74                     70

1” l68                                        200

*flow at 6,3 bar and 0,5 bar pressure drop.

cENTRalIsED lUBRIcaTION
it would be ideal to have one central lubricator that will 
lubricate every pneumatic device in a system, especially if 
the system is complicated and stretches over a long distance, 
such as an assembly line in a car plant. Oil need only be filled 
at one point saving on labour and ensuring that no lubricator 
is allowed to run dry. although several versions have been 
made all based on aerosol lubricators because of the 
distances involved, these systems are basically flawed.

provided that the consumptions of all the tools and 
pneumatic devices are constant and that they are 
continuously in use the system could deliver consistent 
lubrication. however not every tool has the same 
consumption and every one will not be working at the 
same time. this means that the oil delivery to this system 
must be set at either a maximum demand (highest flow) 
or at some average figure. this can only result in cycles 
of over lubrication and under lubrication both of which are 
detrimental to the system and will lead to increased wear 
and increasing costs compared to individual or locally 
grouped lubricators.

DIREcT INJEcTION
the second type of lubricator, the injection oil-pump is a 
positive displacement device. Because of its nature it cannot 
continuously deliver lubricant but has particular applications 
in multi-spindle nut runners where conventional lubricators 
will split air flows according to passageway geometry. the 
injection pump will deliver the same amount of lubricant 
to the application point every time it is cycled. this type of 
lubricator is often used on conveyor chains where their 
application will overcome problems of incorrectly located or 
adjusted conventional lubricators.

Several such injectors can be manifolded together to lubricate 
at several different points, but at the same frequency.

Whichever type of lubricator is employed it is important to 
remember that all lubricators are total loss systems in that 
 the dispensed lubricant will reach its ‘bearing’ surface and  
be broken down into smaller particles and ‘lost’ as the  
system is cycled.

the amount of oil that should be delivered to a pneumatic 
system to provide sufficient lubrication is difficult to 
determine because all systems will be different. pneumatic 
devices in a system may require different amounts of 
lubricant and so equipment manufacturers recommendations 
should always be followed, where they exist.

for a general guide for most pneumatic systems an oil output 
density of 60 mg/m3 is a good basic starting point. in norgren 
lubricators 1 drop is approximately 30 mg.

from regular inspection and servicing the optimum  
setting may be found by increasing or decreasing the  
amount delivered.

figure 20
Oil-fog lubricator

figure 21
micro-fog 
lubricator

lUBRIcaTOR flOw RaTEs - fIGURE 22
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fIllING lUBRIcaTOR BOwls
With all lubricators eventually the bowl or reservoir will 
need filling. Most Oil-fog lubricators have a check valve 
fitted to allow them to be refilled whilst in use. Most Micro-
fog lubricators can be fitted with a quick fill nipple and 
so be topped up with lubricant, supplied at a pressure of 
approximately 1 bar above that within the bowl.

remote fill devices also exist which can do this automatically. 
Such devices can be used to supply several bowls or 
reservoirs from one central position.

another way to reduce the scheduled task of refilling 
lubricators or to ensure critical operations never ‘run dry’ 
is to employ a liquid level switch. Such devices are normally 
float operated switches which can give an electrical signal on 
low or high liquid level. Such signals can then be built into a 
control system to fill or stop filling or give warning alarms.

although a high level signal may at first seem strange 
remember that overfilling will not only prevent the lubricator 
from performing its function of producing an air/oil mix of 
fog, but will distribute bulk lubricant into the pneumatic 
system, flooding it.

lUBRIcaTOR sElEcTION
determine which parts of the system require lubrication 
(some distribution lines will be to oil free areas such as paint 
spraying or breathing air applications).

determine what type of lubrication is required for each 
part of the system. Slow moving heavy cylinders need high 
delivery so choose an Oil-fog type lubricator. long runs of 
pipe in multi-valve circuits require a Micro-fog (or several 
Oil-fog) lubricators to lubricate effectively. high speed tools 
are better served by a Micro-fog, as are tips of cutting tools.

all lubricators are a source of pressure drop and therefore 
energy loss, so although Micro-fogs may be positioned 
almost anywhere in a system select and place them as 

conveniently close to the application as possible. always 
select lubricators and locate them where different levels of 
lubrication are required, never attempt to fit one lubricator 
to supply a whole distribution system as differing parts will 
then be over lubricated, whilst others are under lubricated.

ensure that only special purpose Micro-fog lubricators are 
used for bearing lubrication as other types are not suitable.

Check that the lubricator chosen has sufficient flow  
capacity without excessive pressure drop for the pipe line 
size being used (see figure 36 and individual lubricator 
performance graphs).

Since lubricators require a minimum pressure drop to 
operate which is normally related to a flow, ensure that 
this minimum flow condition is met or there will be no oil 
output. it is important to note that leaks from compressed air 
systems are a source of energy loss and also such leaks are 
effectively a constant flow through the system. if a lubricator 
with a very low start point is used then even a small leakage, 
if in excess of the start point will cause it to drip and supply 
oil to the system. this is often the cause of oil flooding during 
periods of shut-down, especially over weekends.

Where continual usage exists select a lubricator with sufficient 
reservoir capacity. for units in 1/2” pipe size and above, 
several reservoir capacities are usually available. Where this 
is not possible because of space or usage rate utilise remote 
fill devices or liquid level switches to auxiliary systems.

Where very high flows are encountered use a fixed venturi 
type lubricator. Unlike standard types this does not 
automatically adjust to give a constant air/oil density, so the 
flow requirement needs to be essentially constant. this type 
of device will then not produce excessive pressure drops 
associated with high flows and so be more energy efficient.

for exceptionally high flow rates small amounts of lubricant 
(especially for anti-freeze usage) can be injected by small 
lubricators into large distribution mains of 1 to 2” and above, 
where a full bore lubricator would be expensive in both cost 
and pressure drop.

diRECT iNJECTiON 
lUbRiCaTiON
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ExcEsspREssURE cONTROl 
aND ENvIRONmENT pROTEcTION

Safety in the WOrKplaCe iS eSSential and iS eMphaSiSed 
thrOUgh legiSlatiOn eMBOdied in preSSUre SySteMS and 
Other related regUlatiOnS.

the following section can help machine designers and  
others using pneumatics by illustrating those air preparation 
products which, when correctly applied, can be used to 
ensure safe pneumatic systems.

norgren strongly recommend that all who are involved with 
machine and system design should become familiar with 
all legislation relating to using pneumatic devices and other 
relevant safety documents.

OvERpREssURE pROTEcTION
the components in pneumatic systems will often have a 
pressure rating lower than that generated at the compressor 
and pressure regulators are used to reduce this pressure to 
safe efficient levels. in the event of a fault the components 
can be exposed to excess pressures leading to mis-function 
or in extremes failure of the pressure containing envelope.

to protect against this excessive over pressure situation 
several solutions can be employed the most common being 
a relief valve. Selecting a relief valve is not a simple process, 
and detailed consideration of the system or elements of the 
system is required.

in general all pneumatic components and equipment will 
have a Safe Working pressure (SWp) and over pressure 
limit of 10%. the designer of the pneumatic system can use 
regulators to run the system at pressures below the SWp 
and use the 10% safety factor to be the limit of over  
pressure that the system can experience with the relief  
valve in operation.

a relief valve is defined as a device with its outlet so 
connected to a pressure system to enable the system 
pressure to be held at a constant level. this constant level 
would then be at or below the stated SWp + 10% over 
pressure allowance.

relief valves need to be set to only operate when the 
regulated pressure is exceeded and so need to be set higher 
than the regulator. there will be a tolerance on the relief 
valve setting and on the regulators outlet setting, depending 
on its flow and regulation characteristics. a common 
problem is a relief setting too close to the system operating 
pressure. the consequence of this is to have the relief valve 
operating and venting air during normal system operation, 
which is an expensive waste of air.

Once the relief valve setting pressure and acceptable level of 
over pressure are checked the flow capacity of the relief device 
and that of the system can be considered. the relief device 
must be able to match or exceed the amount of flow through 
the part of the system being protected without the system 
pressure rising above the acceptable over pressure level.

Several methods can be used to achieve this:

the relief device has a flow capacity in excess of the 
compressors free air delivery capacity - in systems where no 
receiver exists - i.e. flow out of system is greater than flow in.

the relief device has a capacity in excess of the flow through 
the smallest flow passageway upstream of the equipment 
being protected. tables of orifice flow exist to determine the 
flow at different pressures through differing sizes of orifice. 
the smallest bore is acting as a restriction to the flow into 
the downstream system and unless the upstream pressure 
can be increased the flow will be choked through this area 
and therefore limited. this is important since a mains 
distribution system can be of very large volume with pipes of 
large bore and compressors of high capacity, but the device 
being protected could be fed by 1/8” nominal bore tubing. 
So a small low cost device only is required and not one large 
enough to cope with the full system capacity.

in areas where no such flow restriction exists, one should  
be created in order to reduce the cost of the relief valve   
to be employed, ensuring of course that the restriction  
does not cause excessive pressure drop in the course of 
normal operation. 
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figure 23 
integral pilot 

relief valve
figure 24

 Soft start/dump 
valve

figure 25
Coalescing 

silencer

TYpEs Of RElIEf valvEs
Several types of relief valves exist to achieve different levels 
of performance with respect to the flow capacity and over 
pressure limitations. the most common is the ‘pop’ type, 
followed by the diaphragm type. for better performance use 
pilot operated valves with the integral pilot operated type 
being the most compact and cost effective (figure 23).

an “in-line” type of relief device has relief port at 90° to 
the direction of flow and in normal operation flow passes 
through the body of the device, without interfering with 
normal downstream operation. a common use of this type 
of device is with machine builders, where all the control 
equipment/protection devices are in one discrete position, 
aiding both installation and scheduled servicing.

the in-line device differs from the pop or diaphragm type 
of relief valves which are connected into the system on a 
tee-piece. flow through these pop or diaphragm type devices 
only occurs when in operation and air vents to atmosphere.

in both cases the exhaust flow can be piped away to an area 
where the noise and flow will not cause disruption or harm 
to the environment or the operators. exhaust silencers 
may be required to reduce noise levels in high flow exhaust 
applications where piping away to less sensitive areas is   
not possible.

sOfT sTaRT/DUmp valvEs
the next form of protection is that associated with the 
moving parts of the system, where the parts themselves can 
need protection against excessive wear due to loading on

start up or there is danger to personnel from sudden 
movement of the parts.

here the use of “soft start” (“slow start”) valves is desirable. 
the normal operation is to allow air to pass to a pneumatic 
system or device in a gradual manner, where the rate of 
pressure build-up can be controlled by adjustment of the 
valve. the valve design is generally an internal poppet valve 
which is spring operated and when the gradual pressure 
build-up produces a force in excess of that holding the poppet 
closed, the poppet moves to the open position allowing flow 
to proceed through the normal flow passageways. the level 
at which the poppet operates is called the snap point and for 
most devices this snap point will be in the range of 40 to 70% 
of full line pressure.

Because pressure build up in any system is dependant upon 
the system volume it is important to locate these devices 
close to the piece of equipment they are to protect. fitting of 
a larger valve to a complete distribution system will generally 
mean the system will take many minutes to fully pressurise.

it is extremely common to couple the slow start valve  
with a dump or exhaust function valve within one body,  
for compactness.

the function of the ‘dump’ valve is to quickly exhaust the 
pressure from the downstream system. the valve can have 
solenoid or air pilot operators and often a manual override or 
emergency dump function.

a further refinement of this device is to introduce a limit 
switch to the valve spool which can give a signal to show 
the position of the spool (open or closed), this provides a 
monitoring function and in conjunction with other valves and 
relays plus suitable system redundancy can help comply with 
legislation to make machines safer.
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ExHaUsT aIR
exhaust air needs to be treated correctly to reduce the 
effects of noise, oil mist and to minimise danger   
to personnel.

Where a dump valve is employed, large volumes of air can be 
released at high speed which will produce high noise levels. 
Simple silencers made of porous materials are often able 
to deal with this. in more demanding high velocity cycling 
applications a heavy duty silencer may be needed.

Silencers are normally rated for their noise reduction and 
associated back pressure so the choice should be dependent 
upon the duty required of the device to ensure the most cost 
efficient silencer is utilised. the result of using a silencer 
with a large back pressure is that it will take longer for the 
system to exhaust and this may prove to be a safety issue in 
an emergency stop function.

the next major pollutant is oil. all pneumatic lubrication 
systems are total loss systems, the lubricant goes into the 
system, gets degraded in its function and is carried along 
with impurities and dirt to the atmospheric exhaust.

in well maintained and correctly lubricated systems of a 
general engineering nature the amount of exhausting oil 
is very small and will disperse without generally affecting 
the working environment adversely. however incorrectly 
lubricated systems or those which require high levels of 
lubrication for heavy duty applications can expel high levels 
of oil into the atmosphere on their exhaust cycle. in such 
instances use of a coalescing exhaust silencer should be 
considered. the action of this device is exactly as those for oil 
removal filters which cause the small oil droplets to merge 
together into large droplets which fall into a container for 
removal as liquid oil (see figure 25) in the course of this 
process the porous material employed also reduces the 
noise level of the exhaust air.

Since these devices are on the exhaust side of the pneumatic 
system they are exposed to sudden shock loading, which 
means their oil removal capabilities are not as good as those 
employed in coalescing filters. a good exhaust coalescing 
silencer will however give figures of typically 2 ppm under 
average usage conditions.

pROTEcTION DEvIcE sElEcTION
(i) decide which parts of the system cannot withstand 
the maximum pressure which can be developed in the 
distribution system (or compressor).

determine which type of relief valve is required to control 
this air pressure most effectively with consideration of 

failure flow through that part of the system. Consider using 
a restrictor (orifice) without producing excessive pressure 
losses in the normal operation of that part of the system.

for very large flows consider a pilot operated regulator as a 
dump valve. for machines consider an in-line device to build-
up one complete integral modular preparation assembly for 
ease of piping, location and servicing.

(ii) decide upon which parts of the system can suffer from 
problems on initial start up, or resetting where excessive 
initial speeds can lead to wear problems or entrapment, or 
where an emergency stop/dump function is required.

employ one soft start/dump valve for each section of the 
system operated in this way. the larger the system the 
longer the dump or emergency stop function will take to fully 
empty the system. if there is a high safety risk in this part of 
the machine consider monitored soft start/dump versions 
along with appropriate other circuitry to comply legislative 
safety requirements.

locate soft start/dump valves in the frl assembly closest 
 to the downstream end to prevent high back flows through 
the lubricator.

(iii) Where large volumes of air are to be exhausted consider 
fitting a silencer if the air cannot be piped away to a 
convenient position.

Where rapid cycling of exhaust is present fit a heavy duty 
silencer. Where the exhaust air can be heavily laden with 
lubricant, usually from equipment requiring high levels of 
lubrication fit a coalescing exhaust silencer.

OTHER pRODUcTs fOR    
safER sYsTEms
Other air preparation products that can help create safe  
pneumatic systems:

→  preset pressure regulators – where unauthorised 
adjustment of the set pressure can be injurious   
to personnel.

→  guidance document: hS (g) 39.

→  lockable shut-off valves – ensure that a ‘safe to work’ 
procedure can be adopted without jeopardy from the 
unauthorized re-application of pressure.

→  tamper resistant kits - can be fitted to pressure 
regulators, filter/regulators, relief valves and 
lubricators to ensure that flow, pressure and other 
settings are secured against unauthorised adjustment. 
locking kits can allow for tamper evident lockwires or 
even padlocks to be employed.
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TYpIcal applIcaTIONs

the fOllOWing SeCtiOn ShOWS Several typiCal 
SySteMS Of a generiC type and the eqUipMent 
nOrMally USed fOr the appliCatiOn. 

GENERal pNEUmaTIc cIRcUITs

mUlTIplE sImplE applIcaTIONs

BREaTHING aIR

OIl-fREE applIcaTIONs

eg: direCtiOnal COntrOl valveS and CylinderS, in MUlti-
valve CirCUitS, MaChine Cleaning, air MOtOrS and high 
Speed tOOlS.
a Micro-fog lubricator is required for the several varying flow paths 
to ensure full lubrication (figure 26).

eg: MaChine Centre Or OeM MaChineS.  
it is often a case that with fairly simple machines, lubricated air is 
required for valving and pneumatic circuitry and oil-free air for air 
bearings. to keep costs low two separate lines are unnecessary and 
a typical arrangement from one air supply only can be arranged as 
shown. Other elements such as pressure switches and check valves 
may be made available within modular systems (figure 27).

eg: faCe MaSKS and hOOdS, air agitatiOn. 
the typical application assumes that air intakes are of a reasonable 
quality with no C0 or C02 contamination. it may in some instances be 
a consideration to remove water vapour (figure 28).

eg: paint Spraying, fOOdStUffS, filM prOCeSSing, pOWderS.
these applications need to be free from any water deposits in the 
downstream system. for many installations this will require air 
drying. the dryer itself will need protecting from oil to allow it to work 
efficiently and the downstream system will also need protection from 
accidental migration of the material into it in the case of desiccants. a 
typical arrangement would be as (figure 29) and in some instances it 
might be worth considering an oil vapour removal filter too.

figure 26. Shut-off valve, filter/reg, Micro-fog lubricator, soft 
start/dump, relief valve.

figure 27. Shut-off valve, filter/regulator, oil removal filter, 
porting block, Micro-fog lubricator.

figure 29. Shut-off valve, general purpose filter, oil removal 
filter, dryer, oil removal filter, regulator, relief valve.

figure 28. Shut-off valve, general purpose filter, Ultraire filter, 
regulator.
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remember every system should be treated on its merits 
and broken down into several elements to ensure optimum 
installation, running and maintenance costs are achieved.

the applications below are typically branches taken off 
a large works distribution mains and isolating valves are 
usually placed in front of all branches to permit isolation 

from the mains to allow for maintenance to take place 
without recourse to complete plant shut-down.

for expert advice on the right equipment for your  
application contact norgren.

HEavY DUTY lUBRIcaTION

cRITIcal pREssURE cONTROl 
(INsTRUmENTaTION)

DIREcT INJEcTION lUBRIcaTION

eg: large SlOW MOving CylinderS. 
in such applications large amounts of lubricant are required for 
effective lubrication. again a soft start/dump valve is shown but is 
dependent upon the application (figure 30).

eg: preCiSiOn regUlatiOn, flUidiC SySteMS, air gaUging, 
prOCeSS COntrOl. 
a typical arrangement is shown, where oil aerosols that can 
prevent fast response of downstream devices, need to be removed. 
dependant upon air quality drying may not be required. depending 
on application and distances a general purpose regulator may not 
be needed (figure 31).

eg: COnveyOr ChainS. 
the application does not allow for ‘fog’ type lubrication because of 
the surrounding environment and absence of a lubrication chamber 
(figure 32).

figure 30. Shut-off valve, filter/reg, Oil-fog lubricator, soft 
start/dump valve, relief valve.

figure 31. Shut-off valve, general purpose filter, oil removal 
filter, dryer, oil removal filter, regulator and precision regulator.

figure 32. Shut-off valve, filter/reg + direct injection lubricator.
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NORGREN aIR pREpaRaTION 
pRODUcT OvERvIEw

in addition we produce hundreds of products to customers 
specifications, utilising the vast experience norgren has 
accumulated over more than 80 years.

all the main ranges include:

→ general purpose filters

→ high efficiency filters

→ vapour removal filters

→ general purpose regulators

→ filter/regulators

→ Oil-fog and Micro-fog lubricators

→ Soft Start/dump valves

→ Shut-Off valves

→ relief valves

Some include:

→ Coalescing Silencers

→ desiccant dryers

→ Membrane dryers

these are supported by a wide choice of   
mounting methods and accessories:

→ porting Blocks

→ pressure Switches

→ level Controls

→ Service indicators

→ Manifold Blocks

theSe pageS ShOW the Main prOdUCt faMilieS, 
tOgether With jUSt a feW Of the MOre 
SpeCialiSed Standard prOdUCtS. 

figure 33 

Excelon system - 

typical combination 

unit or “box set”

figure 34
Olympian Plus System

Typical elements and features 
of a modular system
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OlYmpIaN plUs
→  OlyMpian plUS 64 SerieS   

Olympian plus is based on the original Olympian 
system, with updated features. the unique plug in 
feature allows quick installation  or removal of units 
with a simple quarter turn of the clamp ring.

 the easily connected yoke systems allows speedy 
assembly of combination units and due to it’s design 
units cannot be replaced back to front. Still the fastest 
swap out of any existing air preparation modular system, 
giving minimum downtime and cost. Over 7 million 
Olympian “holes” sold prove this to be the most popular 
and successful modular air preparation system.

 packed with features to make field maintenance  
easy and convenient Olympian plus is ideal for  
industrial installations. equally the wide range of 
system accessories mean it offers the OeM user a 
highly flexible solution. Olympian plus is available in 
basic 1/2 inch, with optional 1/4, 3/8 and 3/4 porting.

→  OlyMpian plUS 68 SerieS    
the 68 Series is the basic 1” version of the Olympian plus 
system, based on the Olympian 15 series. available in 3/4 
through 1 1/2 inch ports it offers a flexible solution for 
larger machines and high flow industrial use.

ExcElON
excelon is the alternative air preparation system from 
norgren. although direct ported, thanks to a patented 
quikclamp connection system, excelon can be used where 
both stand alone units or modular assemblies are required.

it offers exceptional performance in a compact well styled 
unit. it is ideal for OeM’s offering a flexible modular system 
with useful accessories such as pressure switches and 
manifold blocks. the quick release bayonet bowl, high 
visibility liquid level indicator and easy to operate patented 
quikclamp are just a few of the features designed with ease 
of maintenance in mind.

there are three sizes in the excelon range:

→  exCelOn 72      
the 72 is a basic 1/4 inch range (with optional  
overporting to 3/8). however there is nothing basic 
about its performance, which is actually better than 
many competitors 3/8 products.

→  exCelOn 73      
the 73 is a basic 3/8 inch range    
(with optional 1/4 and 1/2).

→  exCelOn 74      
the 74 is a 1/2 inch range (with optional 3/8 and 3/4) with 
performance the same as Olympian plus 64 series.

OlYmPiaN PlUS RaNGE

ExCElON RaNGE
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f18
f07

ExcElON® pRO
excelon® pro is a basic 1/4 inch range of light weight units. 
designed to meet all the needs of small general pneumatic 
systems in a small compact light weight package. excelon® 
pro has uniquely interchangeable end connectors that lock 
into position and give the range complete flexibility from 1/8 
to 3/8 inch threaded ports or 6 mm to 10 mm pif connections 
for direct connection without the cost of fittings and no 
leakage. these end connectors can be simply changed by 
hand without the need for any tools. 

integral brackets and gauges make this range simple for 
specifying and installation. the end plates also allow for the 
inlet connection to be a different size or form to the outlet,  
so no need to ever mix up the inlet port.

pORTED UNITs
the ported products have no modular connection system, 
and are generally used as stand alone units. they cover a 
wide range of basic port sizes from 1/8” (07 Series) through 
2” (18 Series). these two sizes being the most important due 
to size and weight considerations.

→  07 SerieS     
the miniature range offers good performance units for 
smaller flow requirements. here regulators are the 
most common product and in addition to the catalogued 
units norgren offers a vast array of options. Units are 
available in a range of body materials, with internal 
components chosen to deliver the specific performance 
characteristics requested by the customer.

→  18 SerieS     
the 18 Series is a basic 2 inch range designed for 
factory air mains or high flow OeM applications such as 
shot blasting or textile machines. due to size and flow 
capacity, regulators in this series are pilot operated 
and an instrument or precision unit is normally 
employed with them to give excellent flow and response 
characteristics, especially when used with a feedback 
pilot regulator.

ExCElON® PRO
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pREcIsION aND spEcIal  
pURpOsE REGUlaTORs
norgren has several different precision regulators, 
each offering the designer a particular combination of 
performance characteristics from which to select the best 
unit for the application. Many specials are produced in 
addition to the catalogued options.

→  11-818     
Compact, high precision regulators, extremely accurate 
and repeatable, even at very low pressures. Can be 
used in laboratories or anywhere where the best control 
is needed even at high 1/4 inch flows, up to 10 dm3/s. 
Secondary bleed makes it more energy efficient and less 
costly to use than almost all major competitors units.

→  11 400      
robust industrial design and easy to adjust, normally 
used for air gauging or high accuracy pilot control of 
large regulators and relief valves.

→  r24 MiCrO trOl     
exceptionally high flow regulator with excellent  
relief performance.

→  20ag      
industrial pressure regulator with large flow,  
small pressure drop and very fast response to  
changing pressures.

→  r38      
instrument regulator produced in aluminium or stainless 
steel. excellent performance without a constant bleed 
and with non-relieving option make this ideal as a pilot 
regulator when inert gases must be used.

spEcIalIsED pRODUcTs
→  StainleSS Steel    

norgren produces units which meet naCe 
requirements and in 316 stainless steel for use  
offshore and in harsh process environments.

 the 38 Series regulator and filter/regulator are 1/4 
npt instrument units offering high flow with very good 
precision. general purpose1/2 npt units are available 
(3/8 or 3/4 options) for higher flows. 

 the 22 Series filter, regulator and lubricator are basic 
1/2” and can be used as stand alone units.

 the 1/4” 05 Series is a general purpose compact 
version of regulator or filter/regulator for low flows or 
portable applications.

→  Water regUlatOrS    
regulators with plastic or brass bodies suitable for 
general or potable water duty.

→  relief valveS     
in addition to the relief valves that are part of the main 
frl families norgren has several specialised units 
including pop type and the air piloted 40aC to enable 
protection for all systems against overpressure, vital for 
all safe systems.

PRECiSiON aNd SPECial PURPOSE REGUlaTORS

SPECialiSEd PROdUCTS
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GlOssaRY

→  after COOler    
a heat exchanger mounted on a compressor outlet to 
extract the heat of compression.

→  aMBient      
the conditions, usually temperature, in the vicinity of 
the equipment under normal working conditions.

→  BaCK preSSUre regUlatOr    
a device connected to a system in such a way that the 
system pressure is held effectively constant by control 
of the outlet flow to atmosphere.

→  CheCK valve     
a device which allows flow in one direction only.

→  COaleSCing     
the action causing small particles to unite to  
form larger particles.

→  COnStant Bleed     
Small continuous escape of air, usually from a precision 
regulator to aid in performance.

→  deliqUeSCent dryer    
a dryer using material which absorbs water vapour to 
such an extent that the material ultimately dissolves 
into the water it absorbs.

→  deSiCCant      
an adsorbing material used in some dryers. Many such 
dryers are regenerative in that they use some of their 
energy to dry the material making it suitable for reuse.

→  drip leg drain     
a device at the bottom of a down leg from a distribution 
main or a system low spot to remove condensed water 
from the system. Such devices are normally fitted with 
automatic drain valves.

→  dUMp valve      
a valve which is connected to atmosphere in such a way 
as to rapidly exhaust the system pressure.

→  eMUlSiOn      
a mixture of oil and water.

→  failUre flOW     
the maximum flow through a device at a given pressure 
with the valve open to maximum extent.

→  flOW CharaCteriStiCS    
a characteristic of a pressure regulator which shows 
the variation of outlet pressure with varying outlet flow 
rates at a constant supply pressure.

→  free air      
air flow measure in dm3/s at Stp (1,013 mbar and 21°C) 
(iSO r554). all air flows are converted to this to make 
system sizing easier.

→  initial drOOp     
the amount of pressure drop incurred by a pressure 
regulator in going from a flow (static) condition to a 
small flow (dynamic) condition.

→  MeMBrane dryer     
a device which uses semi-permeable membranes to 
remove water vapour from air to reduce the dew point  
of the air.

→  MiCrO-fOg      
a suspension of light oil fractions in air, typically less  
than 2 μm in size which can travel long distances, 
through complex passageways.

→  MiCrOn (MiCrOMetre)    
a measurement of size on millionth of a metre  
(symbol μm).

→  Oil-fOg      
a suspension of oil fractions in air, heavier and larger 
than Micro-fog, suitable for heavy duty lubrication.

→  pilOt Operated regUlatOr    
a regulator which has its outlet pressure controlled 
by the outlet pressure of another (piloting) pressure 
regulator, and not by an integral adjustable spring load 
as with standard pressure regulators.

→  pOrting BlOCK     
a modular device for allowing several air take-off from 
a main air flow control set.

→  preSSUre drOp (drOOp)    
the amount of pressure loss incurred by the flow of air 
through a device.

→  preSSUre redUCing valve/   
preSSUre regUlatOr   
a device which is used to lower air pressure in a 
pneumatic system to a desired working level.

→  regUlatiOn CharaCteriStiC   
a characteristic of a pressure regulator which shows 
the variation of outlet pressure with varying inlet 
pressure at a constant flow rate.

→  relative hUMidity     
the ratio of the actual amount of water vapour present 
in a given volume of air, to the amount of water vapour 
necessary to saturate the same volume of air at the 
same temperature.

→  SOft Start valve     
a device which on initial pressurization of a s 
ystem allows the pressure to build up slowly to a   
pre-determined intermediate level before allowing   
a step-up to full line pressure to be achieved.
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REfERENcE TaBlEs

8 mm 10 mm 15 mm 20 mm 25 mm 32 mm 40 mm 50 mm

 tee (straight through) 0,15 0,15 0,21 0,34 0,46 0,55 0,67 0,92

tee (side outlet) 0,76 0,76 1,01 1,28 1,62 2,14 2,47 3,18

90° elbow 0,43 0,43 0,52 0,64 0,79 1,07 1,25 1,59

45° elbow 0,15 0,15 0,24 0,30 0,38 0,49 0,58 0,73

Ball valve* 0,01 0,03 0,09 0,12 0,15 0,22 — —

* Self exhausting – full open

Dryer tyPe PressUre 
Dew Point

atmosPheric 
Dew Point

Drying meDia 
rePlacement

Power 
consUmPtion

initial 
cost

Pre Filters aFter  
Filters

maintenance 
cost

refrigerated 2°C –23°C nil for refrigeration 
motor

Medium general purpose 
and coalescing

none regular 
maintenance of 
refrigeration 

regenerative 
desiccant

–40°C –57°C infrequent for drying  
desicant

high general purpose 
and coalescing

Coalescing Small

deliquescent 10°C –15°C regularly, 
minimum 6 
monthly

nil low general purpose 
and coalescing

Coalescing recharging 
container

Membrane –40°C –57°C nil 10% airflow Medium general purpose 
and coalescing

none none

aPPlieD gaUge 
PressUre bar

nominal stanDarD PiPe size (nominal bore) – mm

6 8 10 15 20 25 32 40 50 65 80

aPProximate PiPe connection – inch

1/8 1/4 3/8 1/2 3/4 1 1 1/4 1 1/2 2 2 1/2 3

0,4 0,3 0,6 1,4 2,6 4 7 15 25 45 69 120

1,0 0,5 1,2 2,8 4,9 7 14 28 45 80 130 230

1,6 0,8 1,7 3,8 7,1 11 20 40 60 120 185 330

2,5 1,1 2,5 5,5 10,2 15 28 57 85 170 265 470

4,0 1,7 3,7 8,3 15,4 23 44 89 135 260 410 725

6,3 2,5 5,7 12,6 23,4 35 65 133 200 390 620 14085

8,0 3,1 7,1 15,8 29,3 44 83 168 255 490 780 14375

10,0 3,9 8,8 19,5 36,2 54 102 208 315 605 965 14695

*air flow rates in dm3/s free air at standard atmospheric pressure of 1,013 mbar.
general nOteS
the flow values are based on a pressure drop (Δp) as follows:
10% of applied pressure per 30 metres of pipe 6 – 15 mm nominal bore inclusive
5% of applied pressure per 30 metres of pipe 20 – 80 mm nominal bore inclusive

fRIcTION lOss IN pIpE fITTINGs IN TERms Of EqUIvalENT mETREs Of sTRaIGHT pIpE - fIGURE 35

maxImUm REcOmmENDED flOw - fIGURE 36   * through iso 65 medium series steel pipe

DRYER cOmpaRIsON - fIGURE 37
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