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Demand-controlled relubrication by grease analysis during operation

Condition monitoring of greases in rolling bearings

Figure 1: Basic design and function

of the grease sensor

Approximately 95% of all rolling 

bearings are lubricated with grease.

The grease forms a lubricant film on

the contact surfaces that is sufficiently 

capable of supporting loads and is thus 

intended to prevent premature fatigue

of the bearing. Reliable information 

about the condition of the grease in

the rolling bearing is therefore of major 

significance. Around three quarters

of all rolling bearing failures thus occur 

in conjunction with the lubricant,

for example, due to insufficient 

lubrication, lubricant contamination or 

ageing of the lubricant. Up until now,

it has not been possible to analyse 

greases in rolling bearings during 

operation. It is for this reason that 

greases are usually replaced long before 

the end of their operating life as part

of preventive maintenance in order to 

prevent damage to the rolling bearings 

and therefore prevent expensive 
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downtime and failure of machinery and 

plant. Alternatively, an incorrect concept 

of safety leads to overgreasing,

which can have a negative effect on

the function and operating life of

the bearing. The Schaeffler Group, 

working in partnership with Freudenberg 

Dichtungs- und Schwingungstechnik 

GmbH & Co. KG and the lubricants 

expert Klüber Lubrication München KG, 

has developed a grease sensor that

can be used to analyse the condition of 

the grease in the rolling bearing during 

ongoing operation, Figure 1. As a result, 

grease changes can be made in future on 

the basis of actual requirements. 

Disadvantages of previous methods

Many bearing failures can be attributed 

to old grease. It is now possible by means 

of condition monitoring, such as 

monitoring of structure-borne sound 

spectra, to detect defects in machines

at an early stage. This, in turn, enables 

maintenance measures to be precisely 

scheduled, thereby preventing secondary 

damage to bearings and transmission 

components. The disadvantage of this 

method is that damage must already be 

present in the machine in order for a 

signal to be detected. As a result, at least 

one component must be replaced during 

the next maintenance operation. The 

advance warning time until actual failure 

of the machine will vary depending on the 

signal recorded, Figure 2. 

With the aid of the newly developed 

grease sensor and the associated 

electronic evaluation system, it is now 

possible to detect changes in the 

condition of the grease long before any 

damage to the rolling bearing occurs. 

This means that replacement of the 

grease can be precisely planned, 

whereby the user can decide at which 

point in the condition of the grease (from 

100 per cent for as-new to a theoretical 

0 per cent for unusable) relubrication or

a grease change should be carried out.

Figure 2: The grease sensor and electronic evaluation system enable changes in the condition

of the grease to be detected long before damage occurs to the rolling bearing
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With the new grease sensor,

relubrication is changed from time-based 

to demand-based.

From time-based to demand-based 

relubrication

In plant that is difficult to access, such as 

offshore wind turbines or assembly lines, 

the failure of a rolling bearing can incur 

secondary costs far in excess of the value 

of the rolling bearing itself.

If increased attention is paid to 

tribological influences, it is possible to 

achieve considerable savings through:

■ reductions in downtime that can be 

attributed to operational disruption

■ reductions in lubricant costs

■ reductions in the costs expended on 

maintenance and replacement parts

■ reductions in plant costs due to higher 

levels of utilisation and efficiency.

Optimum lubrication of rolling bearings

is a science in itself, since greases are 

highly complex mixtures that should be 

optimally matched to the specific 

application conditions. In general, 

greases comprise a base oil, thickeners 

and additives; in some cases, solid 

lubricants are added, Figure 3.

Figure 3: Basic composition of greases

If a preventive maintenance approach

is applied, the grease operating life 

becomes the determining factor if it is 

shorter than the bearing rating life.

In this case, bearings are generally 

relubricated halfway through

the so-called grease operating life.

The major disadvantage of this common 

procedure is that absolutely nothing is 

known about the condition of the grease. 

Would it have been possible to continue 

using it for a period? Had it already

been changed so significantly by external 

influences such as temperature or

the ingress of water that damage has 

already occurred in the bearing?

If the user wanted information about

the grease in the bearing, the only option 

previously available to him was

the removal of a sample followed by 

expensive and time-consuming analysis 

in the laboratory.

With the new grease sensor, relubrication 

is changed from time-based to demand-

based. Monitoring of the grease 

condition during operation is now 

appropriate in principle for every rolling 

bearing. The grease sensor is, however,

a particularly attractive proposition

for use in machinery and plant. It is

in such cases that the failure or 

unscheduled maintenance of the rolling 

bearing generates high downtime and 

repair costs. If the lubricant sensor were 

used in this case, preventive grease 

changes would be superfluous,

since it would be precisely apparent 

when the lubricant is no longer providing 

optimum lubrication. This could give 

considerable savings in costs and 

resources as well as protecting

the environment.

Design and function of the grease sensor

It became clear that optical near infrared 

reflection was the ideal method

for determining the condition of

the lubricant during ongoing operation

of the rolling bearing.

The method, developed in conjunction 

with the Fraunhofer Institut ENAS

in Chemnitz, Germany, is based on

the infrared process used in laboratories 

to measure grease quality but has been 

adapted for the type of measurement 

carried out on the rolling bearing during 

operation. The know-how involved is not 

only in the design of the sensor, but also 

in particular in the evaluation of the 

measured signals. The method involves 

the rotationally symmetrical irradiation
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of the grease at an angle of 45° using 

certain wavelengths within the infrared 

spectrum by the sensor, Figure 1.

The sensor head is embedded in

the lubricant. The reflected light is then 

measured perpendicular to the grease. 

This enables shadow effects and surface 

inhomogeneities to be completely 

excluded. At the same time, a reference 

system exists that undergoes ageing

in parallel is subjected to the same 

temperature but does not have any 

contact with the grease. The measured 

signal is compared with this reference 

system. The reflected light is evaluated

in terms of the quality of the grease.

One method known from laboratory 

practice is the infrared spectroscopy

of grease samples, in which not only

the opacity but also the development

of various bands over time is evaluated.

The knowledge gained as a result gives 

the experienced expert information

for assessment of the lubricant quality, 

Figure 5 right. In the monitoring of 

greases, the characteristic changes

in the near infrared spectrum are used

for automatic quality assessment,

Figure 5 left.

Power is supplied and signals trans-

mitted from the sensor to the electronic 

evaluation system by means of cables.

A wireless solution can also be provided 

if required.

The penetration depth of the signal 

extends from the surface of the sapphire 

glass on which the lubricant is located

to a few millimetres into the lubricant, 

Figure 4.

The optimum measurement point varies 

from application to application. In this 

connection, it is advisable to draw on

the know-how of the Schaeffler Group 

application engineers, who can specify 

precisely where the sensor should be 

positioned in the specific application. 

Tests using the rolling bearing lubricant 

test rig FE8 (to DIN 51819-1) have shown 

that it is not necessary for the sensor to 

measure the grease at the rolling contact, 

since highly homogeneous grease 

conditions are also present in areas 

adjacent to the raceway and therefore 

comparable measurement results can 

also be obtained there.

Figure 4: Schematic design of the sensor head

During the validation phase, precise 

analysis was carried out to determine

the influence of individual contaminants 

in greases on the signal.
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Figure 5: Sensor signal and subsequent analysis of the grease using the electronic evaluation system of the grease sensor 
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The sensor can be used to determine four 

parameters relating to the lubricant:

■ water content

■ opacity

■ wear (thermal or mechanical)

■ temperature.

The electronic evaluation system 

processes these parameters to generate 

an analogue signal (4 – 20 mA) from 

which the customer can quickly and 

easily see the condition of the grease, 

Figure 6.

In addition, it is also possible by setting

a trigger threshold (limit value) to 

generate a digital signal that indicates 

whether the grease condition is good or 

poor.

The measurement method can be applied 

to most greases. Approximately 95%

of the generally available products are 

suitable on the basis of their 

composition. The Schaeffler Group, 

working with Freudenberg and Klüber, 

has now validated the method for a large 

number of greases. Through evaluation of

the grease condition during operation,

it is possible to analyse any sudden 

changes, draw conclusions as to their 

causes and use the digital signal to 

achieve a rapid response.  With the aid of 

the method, it is also possible to quickly 

determine possibilities for optimisation 

in the design and selection of the rolling 

bearing.

Summary and outlook

Due to the intensive partnership work,

a sensor suitable for practical use 

together with an electronic evaluation 

system was developed that can be used 

to determine the quality of grease in

a rolling bearing during operation for

a very wide range of greases.

Ongoing analysis of the lubricant makes 

it possible to detect any changes in

the grease at an early stage. This means 

that the lubricant can be replaced when

a specific lubricant quality defined by

the customer is reached before damage 

occurs to the rolling bearing due to 

inadequate lubrication. As a result,

it is no longer necessary to carry out

time-based relubrication with its many 

disadvantages.

The demand-based relubrication that can 

be realised with the grease sensor allows 

grease to be used with optimised costs 

and improved environmental benefit.

Further advantages of the new grease 

sensor include possibilities for 

optimisation of rolling bearings and 

bearing positions, since it is possible

to assess from the behaviour of

the lubricant quality whether,

for example, a rolling bearing has been 

overdimensioned. If there is a sudden, 

critical failure as a result of water ingress 

into the rolling bearing, for example,

an emergency shutdown can be initiated. 

This can reduce the risk of damage to 

other components.

The sensor is positioned directly in

the rolling bearing. A further solution is 

under development for integration of

the sensor in the rolling bearing seal.

Figure 6: The output analogue signal gives the customer rapid and transparent information on the condition

of the grease in the rolling bearing
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Schaeffler Technologies

GmbH & Co. KG

Georg-Schäfer-Straße 30

97421 Schweinfurt (Germany)

Internet www.fag.com

E-Mail FAGinfo@schaeffler.com

In Germany:

Phone 0180 5003872

Fax 0180 5003873

From other countries:

Phone +49 9721 91-0

Fax +49 9721 91-3435

Every care has been taken to ensure the 

correctness of the information contained

in this publication but no liability can be 

accepted for any errors or omissions.

We reserve the right to make technical 

changes.

© Schaeffler Technologies GmbH & Co. KG

Issued: 2010, September

This publication or parts thereof may not

be reproduced without our permission.

SSD 21 GB-DM
A

TN
R 

03
68

92
30

0-
00

00
 /

 S
S

D
 2

1 
/ 

G
B

-D
 /

 2
01

00
91

 /
 P

ri
nt

ed
 in

 G
er

m
an

y 
by

 s
ch

ed
el



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


