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How can you win if you don't know where the goals are?. 
 
When a decision is made to carry out a service on your Hydraulic Power Unit which would 

involve replacing the oil and filters, is it: 

 Because you do it on a pre-determined time basis. 

 Because you have had a major failure of a component and the fluid is probably 

contaminated. 

 Because the indicator on the filter shows that it is required. 

 Because it hasn’t been done for a long time. 

 

Whatever the reason, how do you know that the fluid is contaminated to an unacceptable level?, 

and unless the indicator on the filter has prompted the action, how do you know that the element 

requires replacing?. 

 

If the fluid is contaminated to a degree that it is unsatisfactory for your system, do you know that 

it was ever in a satisfactory condition?. Given that new oil from the manufacturer is considered 

to be unacceptable in its supplied state, maybe your system has never been clean enough to 

provide the environment required by the components to ensure a long and trouble free life 

expectancy. 

 

There are many factors that can be considered in a discussion on the contamination of a 

hydraulic fluid that are beyond the realm of consideration in this document. Suffice to say that if 

you are using the correct fluid for the equipment that you are operating, then there is no reason 

why you should not be able to get many years of service out of the fluid. 

 

Provided that it is adequately filtered, not subjected to contamination by other fluids, most 

commonly water, and that it is operated within the recommended temperature range, why should 

it need replacing? 

 

The loss of production in the majority of cases is the single most expensive consideration when a 

machine is out of action. In addition there is the actual cost of labour and materials to effect the 

change in fluid and filters. There are also the environmental issues that relate to the provision of 

new oil and the disposal of the old.  
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The four essential functions of a hydraulic fluid are: 

 To act as an energy transmission medium. 

 To provide lubrication to internal moving parts of equipment. 

 To act as a heat transfer medium. 

 To seal clearances between moving parts. 

 Should any one of these functions be compromised by the introduction of an unacceptable level 

of contamination, the hydraulic system will not perform to the standards to which it has been 

designed. The inevitable result is one of lost production, premature replacement of major system 

components and possible risks to the safety of operators.  

 

Contamination damage may manifest itself as: 

 Control gallery or orifice blockage. 

 Component wear. 

 Formation of rust or other oxidation. 

 Chemical compound formation 

 Depletion of additives 

 Biological growth 
 

The hydraulic fluid is expected to provide a lubricating film which keeps precision parts 

separated. Ideally the film is thick enough to completely fill the clearance between moving parts. 

If maintained, this condition will result in reduced wear rates and maximum life from system 

components. 

 

So how do you know when it is time to replace filter elements and fluid?. 

 

In order to quantify particle contamination in an hydraulic oil a contamination reference scale is 

used.  There are two commonly used reference scales based on accepted Standards.  

These Standards are: 

ISO 4406 

NAS 1638 

 

The Standard most commonly used is the ISO 4406. 

 

This standard is based on three digits that refer to the level of contamination of particles 4 

micron or greater, 6 micron or greater  and 14 micron or greater. 

 

For example, an ISO Code of 18/15/12 indicates a scale reading of 18 for 4 micron or greater 

particles,  15 for 6 micron or greater particles  and 12 for 14 micron or greater particles. 

 

The ISO Codes represent a particle count range as indicated in Table 1. and are based on a 

sample volume of 1ml of fluid. 
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From Table 1.  

An ISO Code of 21/18/15 indicates that there are: 

 Between 10,000and 20,000 particles 4 micron or greater 

 Between 1,300 and 2,500 particles 6 micron or greater 

 Between 160 and 320 particles 14 micron or greater 

 

All of these particles are in the 1 ml sample of fluid that has been analysed. 

 

 

 

Table 1       

ISO  4406 Chart 

Range Number of particles per mil 

Number More Than Up to and Including 

26 320,000 640,000 

25 160,000 320,000 

24 80,000 160,000 

23 40,000 80,000 

22 20,000 40,000 

21 10,000 20,000 

20 5,000 10,000 

19 2,500 5,000 

18 1,300 2,500 

17 640 1,300 

16 320 640 

15 160 320 

14 80 160 

13 40 80 

12 20 40 

11 10 20 

10 5 10 

9 2.5 5 

8 1.3 2.5 

7 0.64 1.3 

6 0.32 0.64 

5 0.16 0.32 

4 0.08 0.16 

3 0.04 0.08 

2 0.02 0.04 

1 0.01 0.02 
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In addition to ISO 4406 there is the NAS 1638 Standard which is also used to identify the degree 

of particle contamination in fluids. The NAS range extends from 1 to 12 and is less specific in its 

quantification of the degree of contamination. 

 

There are three stages to the process of determining whether the oil in your system is of a 

suitable standard. 

 

Stage 1. Determine what your acceptable contamination level should be .   

 

In literature distributed by major equipment manufacturers there are minor differences of opinion 

about precisely what is acceptable. In general the following cleanliness levels are appropriate for 

equipment operating between 140 Bar and 200 Bar. (2000 to 3000 psi). 

 

Gear Pumps/Motors  19/17/14 

Vane Pumps/Motors  18/16/13 

Piston Pumps/Motors  17/15/12 

Hydrostatic Drives  16/14/11 

 

Directional Control Valves 18/16/13 

Pressure Control Valves  18/16/13 

Flow Control Valves  19/17/14 

Proportional Valves  17/15/12 

Servo Valves   16/14/11 

 

Cylinders    20/18/15 

 

To establish the suitable level for your system it is necessary to select the piece of equipment 

with the lowest ISO Code.  ie. the item most susceptible to contamination. We call this the Goal 

Contamination Level 
 

For example, if we have a system that contains cylinders, flow controls, directional controls and 

a gear pump the appropriate check list would look like Table 3. 

 

Table 2 
Table 2 shows the appropriate items from a 

hydraulic system selected and from that the 

most contamination sensitive item is the 

Directional Control valves. 

 

 

 

 

 

 

 

G ear Pumps/M otors 19/17/14 

Vane Pumps/M otors 18/16/13

P iston Pumps/M otors 17/15/13

D irectional C ontrol Valves18/16/13 

Pressure C ontrol Valves18/16/13

F low C ontro l Valves 19/17/14 

Proportiona l Va lves 17/15/12

Servo Va lves 16/14/11

C ylinders 20/18/15 

 Low est

C ode
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If the system uses a fluid that is not 100% petroleum based this Code should be reduced by one 

digit in each micron range. ie.18/16/13 becomes 17/15/12. 

 

Further, if the system is subject to any of the following: 

 Frequent cold starts at less than 0
0
C. 

 Intermittent operation with fluid at a temperature greater than 70
0
C. 

 High vibration or shock loads. 

 

then the Code should be further reduced by one digit in each micron range. 

 

From all of the above we can now established the Goal Contamination Level. 

 

Table 3 
Table 3 is a 

typical Goal 

Contamination 

Level Worksheet 

completed with 

the information 

required to make a 

judgment 

regarding the 

requirements of 

the system. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Pump flow 55 Litres/Min.

Maximum operating pressure 150 Bar

System Oil Volume(Incl lines & actuators) 300 Litres

Goal Cleanliness Level 18 / 16 / 13

Fluid manufacturer Fuchs

Fluid spec Renolin B46

Fluid adjustment       /       /

Cold start adjustment       /       /

Hot running adjustment       /       /

Shock loading adjustment 17 / 15 / 12

Goal Contamination Level 17 / 15 / 12



Page 6 

 

Stage 2. Determine the actual contamination level.   
 

An analysis of the oil now provides meaningful data which will indicate what action may be 

necessary. This is done by the connection of a Portable Particle Counter into the system or by 

taking a sample and having it analysed in a laboratory. 

 

The development of the Laser Particle Counter has made it possible to determine the level of 

contamination of a fluid on-site in minutes. Whilst this is very suitable when commissioning new 

systems to establish fundamental contamination levels, it does not provide data relating to 

water content, the type of contaminant or additive levels and a full laboratory analysis is 

required to determine this information. 
  

Stage 3. Assessment of the result.   
 

Maybe the result indicates that the fluid is within the specification that we have established.  

Maybe filter element replacement is required.  

Maybe the installation of further filtration is necessary. 

The options with filtration in a hydraulic system are almost as variable as there are applications. 

There is generally always pressure on the original equipment designer to reduce cost wherever 

possible and often this is reflected in the size and type of filtration that is supplied with 

equipment. 

 

There is no direct correlation between using a specific filter media and the attainment of a 

specific ISO cleanliness classification. Numerous other variables such as flow rates through 

filters, system operating pressures, the rate of contamination ingression and filter location need 

to be considered in order to reach a final recommendation. 

 

What should be considered is: 

 

 Is the type and rating of the existing filtration adequate?  
If it is and there is an indicator which is regularly monitored then all should be well. 

 

 If the existing filtration is adequate but without indication you should consider adding it.  
To change filters before they are fully used up is a waste of money. To not know when they are used up is 

courting disaster. 

 

 If the existing filtration is not adequate you should consider an upgrade of the installation to 

the required standard to protect your investment. 
The cost of installing adequate filtration may well be offset against double or triple the life of the fluid and 

filter elements in the system. 

 

In addition to the above, laboratory analysis also includes a PQI or Particle Quantification Index 

 

This procedure requires that the oil sample be passed over a sensor which measures the bulk 

magnetic content of the oil. In consideration that iron is the major wear element in the vast 

majority of components, the PQI gives us the ferrous density in the sample. ie. It tells us how 

much iron is in the sample. 
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The PQI does not quantify the size of the contamination, just the total, therefore the larger the 

number the more iron is present. 

 

Typically a figure of 20mg/litre of oil is used as a standard. Remember though that one large 

piece of iron contamination will only register as one particle but if this single item is effectively 

ground up in the working parts of the system then it may represent many thousands of particles. 

 

The  information from the two tests can be used as an indicator of what has occurred or is 

occurring within the system. 

 

1. Iron Particle Count is Low and PQI is Low 

There are few wear particles of any size 

Indicates normal wear 

 

2. Iron Particle Count is High and PQI is Low/Medium 

There are a lot of small particles and few large ones 

Possible accelerated wear or contamination from external source 

 

3. Iron Particle Count is Low and PQI is High 

There are few small particles and many large ones 

Probable fatigue of component/s 

 

4. Iron Particle Count is High and PQI is High 

There are a lot of small and large particles 

Indicative of a serious problem and possible component failure. 

 

Fluidforce are strong advocates of regular oil analysis because it provides factual information 

upon which correct maintenance decisions can be made. 

 

We use the services of Oil Test Pty. Ltd. exclusively. A detailed Capability Statement of this 

laboratory is available for download at our web site. www.fluidforce.com.au 

 

Should you wish to discuss these matters with one of our staff or would like to arrange for 

sample/s to be taken for analysis just contact our office and we will be pleased to assist. 

http://www.fluidforce.com.au/

