
Oil Contamination

The origins, treatment and analysis of contaminated oil in hydraulic systems.
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Oil is the central component of any hydraulic system. If a system fails, contaminated oil is often the primary reason. And 
yet, oil analysis remains the exception rather than the rule for many users of hydraulic equipment, with maintenance 
engineers often placing their faith in component monitoring.

This situation continues to puzzle me, particularly in relation to hydraulics, because figures suggest that only 20% of 
unplanned downtime can be identified through monitoring techniques. In fact, 80% of all hydraulic failures on machinery 
can be traced back to contaminated oil which component monitoring will not detect.

Where oil analysis is used, too much faith is placed in the commonly used traffic light system which often leads to 
recommendations being ignored, unless the analysis shows red/critical and action is immediately required. This is 
compounded by the fact that most oil analysis reports seem to require detailed knowledge of the subject matter. All-too-
often the customer is presented with rows and rows of data with precious little analysis or solutions offered.

Undoubtedly, maintenance engineers must be encouraged to look more deeply into reports, but suppliers need to offer 
more help and support to ensure engineers can interpret and act on the data.

This white paper offers an overview of oil contamination problems, its origins and treatment. It also offers a guide to 
effective filtration and the role that oil analysis can play in a maintenance programme. Most importantly it de-jargonises oil 
analysis and its reporting, empowering maintenance engineers to really understand the information they are given and 
helping them make informed choices about their maintenance regimes.

Oil analysis can play a vital role in hydraulics maintenance, delivering more uptime and profitability, but providers of oil 
analysis services must help hard pressed maintenance engineers really understand the data. Hopefully, this white paper is 
a start.
                    Chris Gray, Bosch Rexroth

Introduction

BOSCH REXROTH LTD

HUNTINGDON,CAMBRIDGESHIRE

CROMWELL ROAD,ST NEOTS

03/12/2014

Serial Number

Address Unit Number

Sample Date

Location

Make

Model

Component

Lubricant

Received Date

Ian Burton

B
X - Immediate Action

C - Action

B - Monitor

A - No Action

Interpreted By

Reported Date

Post Code

05/12/2014

PE19 2ES

Customer Name

Unknown

HYDRAULIC SYSTEM (146)

HYDRAULICS

UNKNOWN

ST NEOTS

28/11/2014

210KW TEST RIG

210KW TEST RIG

Previous #2Sample Details Test Method Units Current Result Previous #1

443372157Lab No - 442741912- 443103626

28/11/2014Sample Date - 26/09/2014- 31/10/2014

0Meter Hrs - 0- 0

0Fluid Hrs - 0- 0

0.00Oil Added - 0.00- 0.00

0Fluid Changed - 0- 0

0Filter Changed - 0- 0

UnknownLubricant - Unknown- Unknown

Additive Metals
1Ba ppm 0ASTM D5185-97 1

30Ca ppm 35ASTM D5185-97 33

95Co ppm 97ASTM D5185-97 91

8Mg ppm 10ASTM D5185-97 9

0Mo ppm 0ASTM D5185-97 0

235P ppm 240ASTM D5185-97 249

239Zn ppm 248ASTM D5185-97 244

Wear Metals
0Al ppm 0ASTM D5185-97 0

0.0Cr ppm 0.0ASTM D5185-97 0.0

15Cu ppm 13ASTM D5185-97 14

1Fe ppm 1ASTM D5185-97 1

0Ni ppm 0ASTM D5185-97 0

3Pb ppm 2ASTM D5185-97 3

0Sn ppm 0ASTM D5185-97 0

Oil Contaminants
0B ppm 0ASTM D5185-97 0

6K ppm 5ASTM D5185-97 5

7Na ppm 4ASTM D5185-97 7

0Si ppm 0ASTM D5185-97 0

NW Pos/Neg NIn-House N

Physical Tests
12PQI N/A 13In-House 10

42.3V40 cSt 46.5ASTM D7279-14 43.9

23Water Content (PPM) ppmASTM D1744

0.0023Water(% Wt) % Wt. 0.0095ASTM D1744 0.0038

Particle Count
80110 Counts/ml 170ISO 4406:1999 274

30414 Counts/ml 64ISO 4406:1999 59

10222 Counts/ml 17ISO 4406:1999 16

51884 Counts/ml 5374ISO 4406:1999 6480

2142 Counts/ml 4ISO 4406:1999 5

25775 Counts/ml 1591ISO 4406:1988 2467
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Bosch Rexroth Ltd. 15 Cromwell Road, St Neots, Cambridgeshire. PE19 2ES. Registered company number 768471 To view your results online,please 

visit http://boschrexroth-oilanalysis.co.uk/EquipCom/ This information is supplied for your benefit only and should not be relied on by any third party whatsoever.
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Types of Contamination

There are three types of contamination which can be 
identified by oil analysis. 

The first is solid particles, such as dirt and dust particles 
which can cause jamming, influence control behaviour and 
prematurely wear components. This can lead to failure and 
a reduction in machine availability.

The second is liquid contamination which is in the main 
water and fluid mixtures. This type of contamination can 
cause corrosion and wear, along with impairment of 
viscosity and can even cause a chemical reaction with the 
fluid which can impact lubricating properties. In addition, 
the effectiveness of machine filters can be reduced along 
with filter service life. Again, all of these issues can lead to 
reduced machine availability.

Finally, gaseous contamination, such as air, can have a 
number of serious consequences. Foaming in the oil 
sequences; inaccurate response of valves; energy loss; 
damage to pumps; chemical reactions with the fluid and 
oxidation, can all result in a reduction in machine 
availability.

Origins of Contamination

Built-in contamination is a product of the component 
manufacturing process. Foundry sand or dust and residues 
from welding, metal chips, shot blasted materials, paint 
particles, preservatives and cleaning residues can all find 
their way into the oil and create machine problems.

External contamination occurs from the ambient air once 
the hydraulics are operational within a manufacturing 
environment. Ambient air, via piston rods, labyrinth seals 
and vents, can have an adverse effect on oil and reduce its 
operational effectiveness.

Generated contamination will also impact machine oil. 
Metal wear through abrasion or erosion of components can 
cause seal abrasion, chemical corrosion and oxidation 
residues which all occur when mixing oil with insoluble 
substances.  

A typical contaminant would be silica, a hard airborne 
particulate which can get between the working surfaces or 
clearances on machinery components, such as a pump or 
cylinder. Once contamination has occurred it will circulate 
between the two components, gradually wearing away the 

Contamination

surfaces. As the surface abrasions get bigger, leakage 
occurs which leads to component failure, such as valve 
stiction. 

These hydraulic failures are directly attributable to oil 
contamination, via components such as cylinder rods. 
What’s more, once in place, there is often a chain reaction 
of particles. One particle rubbing against another breaks 
off and split into two. Two particles split to become four 
and four become eight. Often, the solution is simple, such 
as the installation of offline filter units.
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Achievable Oil Cleanliness in Accordance with 
ISO 4406

Oil Cleanliness
16 Oil Cleanliness Booklet | Achievable Oil Cleanliness

Achievable Oil Cleanliness
in Accordance with ISO 4406

HydroClean XL fi lter material

H20XL 19/16/12 - 22/17/14

H10XL 17/14/10 - 21/16/13

H6XL 15/12/10 - 19/14/11

H3XL 13/10/8 - 17/13/10

H1XL 10/6/4 - 14/8/6

Achievable oil cleanliness codes 
can not be guaruanteed, as they 
depend on various application 
parameters such as ingression 
rate of contamination, particle 
size distribution, size, shape and 
material of particles. Other 
operating conditions like fl ow 
and pressure pulsation will also 
effect oil cleanliness. Finally oil 
cleanliness depends on specifi ed 
fi lter service intervals. Indicated 

oil cleanliness codes in the 
above table are based on experi-
ence and are vaild for operating 
fl uids in table 11 except non-
fl ammable fl uids. For these 
fl uids, especially HFA and HFC 
types, one ISO code higher may 
appear. Validation of oil cleanli-
ness codes for these fl uids is 
only acceptable for microscopic 
particle counting.

GB_Bosch_Oelreinheitsfibel_Maerz2013.indd   16 18.03.13   10:12
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Recommended 
Oil cleanliness level

Application Oil cleanliness
required in 
accordance 
with ISO 4406

Recommended
fi lter material/
fi ltration grade

Systems with extremely high 
dirt sensitivity and very high 
availability requirements

≤ 16/12/9 H1XL/1µm

Systems with high dirt 
sensitivity and high availabi-
lity requirements, such as 
servo valve technology

≤ 18/13/10 H3XL/3µm

Systems with proportional 
valves and pressures > 160 bar

≤ 18/16/13 H6XL/6µm

Vane pumps, piston pumps, 
piston engines

≤ 19/14/11 H10XL/10µm

Modern industrial hydraulic 
systems, directional valves, 
pressure valves

≤ 20/16/13 H10XL/10µm

Industrial hydraulic systems 
with large tolerances and low
dirt sensitivity

≤ 21/17/14 H20XL/20µm

GB_Bosch_Oelreinheitsfibel_Maerz2013.indd   19 18.03.13   10:12

Different types of equipment require different oil 
cleanliness levels. 

The clearances between rotating surfaces for each 
equipment type and the operating conditions determine the 
maximum particulate size. This can be present in the oil 
before abrasion or fretting occurs due to particulate 
interference. 

For example, spur bevel and worm gears are manufactured 
to clearance ranges between 0 to 203 microns, whilst 
hydraulic components such as actuators, pumps and 
motors have tolerances closer to 5 microns for high 
pressure components and 20 microns for low-pressure 
components. 

The result is that a servo drive requires significantly cleaner 
oil than an industrial pressure valve. The proper filter 
material and filtration grade must be used to prevent oil 
contamination.

The table opposite outlines the recommended oil 
cleanliness levels for different types of equipment.

Bosch Rexroth is the only company to utilise a sensitivity 
class (1-6) as part of its oil analysis programme. Treatment 
advice will be provided if oil samples fall outside these 
recommended guidelines.

Recommended Oil CleanlinessISO 4406 is the code which almost all industrial oil analysis 
reports are based. The code determines the overall 
cleanliness of the machine being analysed and is often used 
by end users as a key maintenance performance indicator 
and early warning system.

Achievable oil cleanliness codes cannot be guaranteed, as 
the codes depend on various application parameters such 
as, ingression rate of contamination, particle size 
distribution, size, shape and material of particles. Other 
operating conditions like flow and pressure pulsation will 
also effect oil cleanliness.

Oil cleanliness depends on specified filter service intervals. 
Indicated oil cleanliness codes in the table above are based 
on experience and are valid for operating fluids (except 
non-flammable fluids). For these fluids, especially HFA and 
HFC types, one ISO code higher may appear. Validation of 
oil cleanliness codes for these fluids is only acceptable for 
microscopic particle counting.

The most important filter characteristics are filtration 
grade, dirt absorption capacity and differential pressure. All 
three properties are mutually interdependent, with the key 
objective being the best possible filtering action with 
maximum dirt absorption and minimum differential 
pressure.
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Oil Cleanliness

Oil Cleanliness Codes

20 Oil Cleanliness Booklet | Oil Cleanliness Codes

Oil Cleanliness Codes in 
Accordance with ISO 4406 and 
Examples of Contamination

Classifi cation of all particles
≥ 4 µm(c), ≥ 6 µm(c) and
≥ 14 µm(c)

Example from ISO 18/16/11:
190.000 particles ≥  4 µm(c)/100 ml
  58.600 particles ≥  6 µm(c)/100 ml
    1.525 particles ≥ 14 µm(c)/100 ml

Number of particles
(per 100 ml)

ISO-
Code

from to

1.000.000 2.000.000 21
500.000 1.000.000 20
250.000 500.000 19
130.000 250.000 18
64.000 130.000 17
32.000 64.000 16
16.000 32.000 15

8.000 16.000 14
4.000 8.000 13
2.000 4.000 12
1.000 2.000 11

500 1.000 10
250 500 9
130 250 8
64 130 7
32 64 6
16 32 5

ISO 4406 counts particles accumulatively, 

i.e. all particles that are larger than or equal 

to 4 μm. In contradiction to this, NAS 1638 

counts the particles in differential size 

classes, i.e. all particles within the range of 

5 – 15 μm, 15 – 25 μm, etc. 

NAS 1638 became INVALID on 05/30/2001!

The replacement standard SAE AS 4059 

is a national standard intended for the US 

aviation industry only. It is therefore no 

longer permitted to specify contamination 

classes in accordance with NAS. Specifying 

contamination in accordance with ISO 4406 

on the other hand is considered to be 

state-of-the-art.

GB_Bosch_Oelreinheitsfibel_Maerz2013.indd   20 18.03.13   10:12

The ISO table opposite has a discernible pattern, namely 
that each code is double the lower limit. This is known as a 
logarithmic count and means that every change in the 
number doubles the amount of contaminant.

Particles are counted as ‘particles per millilitre’. During an 
oil analysis test approximately circa 100 millilitres of 
sample oil is taken into the instrument and the number of 
particles are counted. The total number of particles is then 
compared to the number of times that the number two will 
go into that total count exponentially.

20 = 500,000 > 1,000,000 particle size < 4 micron

17 = 64,000 > 130,000 particle size < 6 micron

13 = 4,000 > 8,000 particle size < 14 micron

Choosing the correct filter

Before selecting an oil filter, it’s important to have an 
understanding of three key oil filtration criteria and the 
challenges around meeting those requirements:

•	 Oil flow – knowing how much flow is going through the 
filter to ensure correct sizing 

•	 Oil viscosity – cold/hot oil has different thicknesses, so 
it’s important that the filter selected has the ability to 
allow the oil to continue to flow and be cleaned, even 
in varying temperatures

•	 Low pressure/High pressure system – identifying what 
pressure loads a system will be subjected to makes 
correct filter selection simpler

Oil flow, oil viscosity and system pressure are all critical 
areas and play a key role in ensuring optimum filter 
performance. 
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Solution

6 Oil Cleanliness Booklet | Oil Analysis

Oil Analysis

 Oil sample

 Vacuum

 Test membrane

 Filtrate

 Offl ine examination of oil 
samples in the laboratory  

 Microscopic particle count in 
accordance with ISO 4407

 Gravimetric test in 
accordance with ISO 4405

 Microscopic determination of 
the type of contamination

Vacuum fi ltration device:

Types of inspection for oil cleanliness

 Microscopic image, 100 x

 Test membrane, 1,2 µm

GB_Bosch_Oelreinheitsfibel_Maerz2013.indd   6 18.03.13   10:12

Types of inspection

Laboratory oil examination
This involves offline inspection of an oil sample to determine the microscopic particle 
count in accordance with ISO 4407 and a gravimetric test in accordance with ISO 4405.

The test involves a vacuum filtration device which filters oil through a test membrane which 
captures particles that can then be measured.

Mobile particle counter
The mobile particle sensor uses the light extinction principle and a laser sensor to measure 
and record oil cleanliness levels. The Bosch Rexroth mobile particle counter for example is 
equipped with a laser sensor, integrated battery pack and memory and measures oil 
cleanliness in accordance with ISO 4406 at 4 µm, 6 µm and 14 µm.

How to take an oil sample

Oil analysis is the best option available to determine the operational health of a machine. 
Certainly, in my opinion, it is superior to condition monitoring.

Information derived from an oil sample can be crucial, not only in determining the quality 
of the lubricant, but also in identifying wear and tear on key components. Crucially, oil 
analysis enables you to identify and quantify key machine trends, such as inordinate 
bearing wear or grinding which can aid investment decisions and form the basis of a 
preventive maintenance regime.

Most importantly, for oil sampling to be truly effective, great care must be taken to perform 
the sampling properly to ensure that accurate results come back from the laboratory and 
high quality trend data is captured and analysed. There are two main methods of oil 
sampling; live oil sampling and vacuum extraction sampling.
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Live Oil Sampling
Live oil sampling is a five-step process:

1.  Set machine to idle:

2. use a new piece of tube for each sample and remove dust cap from valve to be  
 sampled. Wipe valve with a clean cloth and insert probe into valve;

3. discard 100ml of oil into waste container and then insert probe into the valve  
 again. Fill the bottle to the line;

4. cap bottle and shake. Discard the oil to remove possible contaminants. Repeat  
 step three to take actual sample. Fill to the line and then remove probe from the  
 valve and cap sample bottle;

5. complete sample label, ensuring all details are filled in and post sample to lab.

Vacuum Extraction Sampling
Similarly, vacuum extraction oil sampling is also a five-step process:

1. Run machine and ensure all compartments are at operating temperature:

2. cut sample tube to length to ensure that it reaches into the middle of the oil  
 depth. Insert tube through head of pump and tighten remaining nut. Ensure that  
 tubing extends 4cm past the base of the pump head;

3. install new sample bottle onto pump and insert end of tube into oil. Pump the  
 vacuum pump handle and fill sample bottle to line. Cap bottle and shake;

4. discard the oil to remove possible contaminants. Repeat previous step to take  
 actual sample. Fill to line. Hold the pump upright in order that the oil does not  
 contaminate the pump. If the pump is contaminated disassemble and clean before  
 use;

5. complete sample label, ensuring all details are filled-in and post sample to lab.

How to take an oil sample
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An oil analysis report will provide an abundance of information that can be difficult to 
interpret by the untrained eye. For example, a recent poll revealed that 32% of lubrication 
professionals don’t understand how to interpret oil analysis reports, so it’s vitally 
important to know the key areas to look out for.

To help identify the source of potential issues, it’s important to know which piece of 
equipment the oil was sampled from. For example, the originating piece of equipment can 
help link the reported contamination with certain internal components. These details may 
seem obvious, but are often overlooked. 

Another section of the oil analysis report presents the element levels. This section will 
provide a vast amount of important information, but there are three key areas to focus on:

ISO level – this will determine whether the oil sample is meeting the required industry 
standard 

W (water level) – a report highlighting a water level of over 300 parts per million (ppm) 
which is a concern and would require a water extraction method to be implemented

SI (silica) – this identifies the hard airborne contamination levels which starts the chain 
reaction of wear

Typically, an oil analysis report will come with a written summary section that attempts to 
put results and recommendations into layman’s terms and it’s vitally important that these 
comments are taken on board and actioned upon. Remember, there is always an 
explanation for each exceeded limit and the root cause should be investigated. 

Best Practice Oil Sampling

There are several fundamentals that must be performed correctly to get the maximum 
value from an oil analysis programme. These practices are simple once you consider the 
effects each one could potentially have on the overall programme.

1. Don’t assume new oil is clean – new oil, like old, still needs filtering

2. Change oil filters at least every 12 weeks

3. Take a new oil sample at least every 12 weeks

4. Air breather is as important as oil filter and oil sample

5. Plot sample reports to act as a trending tool, i.e. compare this sample to the last  
 sample taken

6. Always take an oil sample from the same place

What to expect from an oil analysis 
report
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Only regular oil analysis can prevent a build-up of particulates and help ensure the machine stays available 100% of the 
time. Cleanliness of the oil is crucial and is a far superior method of identifying potential problems than component 
monitoring and offers the opportunity to identify appropriate levels of filtration and, if necessary, upgrade.

Ideally, machines should be sampled at least on a quarterly basis and levels of contamination should be plotted on a 
graph. Only this way is it possible to identify problems before they become critical.

Oil sampling does come with a small cost but if a company has 100 machines working intensely, a simple low cost oil 
analysis, costing as little as £15, has the potential to prevent a costly component fault or stoppage which far outstrips the 
sampling cost. When you consider that the cost of replacing an average sized pump can be £3,000 to £5,000, the financial 
argument really begins to stack up.

Surely then, oil analysis is a more reliable option as part of a modern day programme. The problem for many maintenance 
teams is time and resource. While oil analysis can be incredibly effective as part of a preventive maintenance programme, 
it does take valuable time which takes engineers away from more critical problems which they encounter every day. All-too-
often, oil analysis is not completed or the schedule falls by the wayside as more critical issues take priority. 

Ultimately, the figures speak for themselves. An oil sample costs between £15 and £20 but a new pump can cost between 
£3,000 and £5,000. 

Conclusions


