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Device for determining metallic contaminant particles in lubricating grease

This invention relates to a device as defined in the preamble of claim 1 for deter-
mining the content of metallic contaminant particles in lubricating grease.

In order to reduce dynamic friction and wear in rotating or axially moving machine
parts, for example bearings, these parts are treated with lubricating grease. In the
course of time the properties of the lubricating grease deteriorates. This is due to the
fact that impurities accumulate from the moving surfaces as they wear in to the
grease. These impurities are mainly metallic particles because machines are mainly
made out of steel or any other suitable metal. In order to ensure defect free opera-
tion, the interfaces of moving parts need to be cleaned and lubricating grease to be
replaced at suitable service intervals.

There are several conventional methods for determining contaminant particles in
lubricating grease. One example of these conventional methods is the examination
of the lubricant sample with direct microscopy. This as well as other conventional
methods are however laborious and slow. They are appropriately performed in labo-
ratory environment and are not practical to perform under field conditions.

There are methods and devices for more easily determining the amount of contami-
nating particles, especially metallic particles, in lubricating grease.

In Finnish patent application FI990393, corresponding international application
PCT/FI00/00148, a method and a device for determining metallic contaminant par-
ticles in lubricating grease is described. According to this method a sample of lubri-
cating grease is subjected to a first magnetic field which is alternating at a constant
frequency. This first magnetic field induces eddy currents in the contaminant parti-
cles occurring in the sample of lubricating grease. These eddy currents in turn pro-
duce a second magnetic field, which influences the first magnetic field by resisting
its variations.

By inductance measurements, the apparent inductance of the coil, resulting from the
interference caused by the contaminating particles in the grease sample, ¢an be de-
termined.

The device using this method comprises a sampling pole at which the grease sample
is placed, and an electric magnet which produces the first magnetic field. In addition
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of the first electric magnet the device also comprises a second electric magnet
which is used as a reference when the influence of the second magnetic field pro-
duced by the eddy currents induced in the sample are determined. This second elec-
tric magnet is identical to the first electric magnet and is preferably supplied from
the same alternating current source as the first electric magnet. In addition to these
the device also comprises a measuring unit comprising a comparator and a ampli-
fier.

Because this previously known device uses a second electric magnet as a reference
for inductance measurements, the device needs non-standard, expensive and large
sized components. Also the use of a second electric magnet as a reference increases
the power consumption of the device because of the resistive losses of the coil.

The object of the invention is to overcome the drawbacks related to the device de-
scribed above. Another object of the invention is to provide a new smaller, less ex-
pensive, and less power consuming device for determining the content of contami-
nating particles, especially metal particles, in a lubricating grease.

The device of the invention is characterized by the features defined in claim 1. The
dependent claims set forth preferred embodiments of the invention.

In the device of the invention, a sample is first taken to allow the determination to
be made. The device comprises a sensor which comprises a core, on which the
measured grease sample is placed, and a sensor coil which is wound around the
core. The device also comprises an alternating current source for supplying the op-
erating voltage. In accordance with the invention the device also comprises an in-
ductance measurement bridge for determining the change of the impedance of the
sensor coil, when a sample of lubricating grease containing contaminating particles
is applied on the sensor, and for outputting a differential output signal to the out-
puts.

In the preferred embodiment of the invention the sensor coil is a part of the induc-
tance measurement bridge. The device may also contain a rectifier bridge and a fil-
ter capacitor for rectifying and filtering the output signal from the measurement
bridge.

The invention has the advantage of the device being smaller sized and using less
power. Another advantage of the inventions is that that the inexpensive mass pro-
duced passive components can be used instead of a comparison amplifier and a ref-
erence coil.
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The invention will be explained in detail below with reference to the accompanying
drawing, in which

figure 1 is a schematic view of the electric circuit of the device of the invention;
figure 2 is a view of the sensor of the device of the invention;
figure 3 is a schematic view of one user interface circuit of the invention;
figure 4 is a schematic view of another user interface circuit of the invention;
figure 5 is a schematic view of yet another user interface circuit of the invention;
and

figure 6 is a presentation of the voltage vectors of the circuit of the invention.

The device of the invention utilizes the theoretical data of the method described in
the Finnish patent application FI990393. A variation in the impedance of the sensor
coil 1a can be measured by electric means. This is preferably carried out as follows:

The device of the invention presented in figure 1 preferably comprises a sensor coil
la, a measurement bridge 2 and an alternating current source 3. The sensor coil 1a
is part of sensor 1, which has an electric magnet comprising a coil 1a wound around
a core 1b as presented in figure 2. The measurement bridge 2 used for the determi-
nation of the impedance of the sensor coil is preferably a traditional Maxwell-Wien
bridge.

The measurement bridge is operated from an alternating current source 3. The alter-
nating current has stabilized mean-effective-value, frequency and wave form. Due
to the positive phase shift caused by the inductance L of the sensor coil 1a, the wave
of the alternating electric current at the output terminal B of the measurement
bridge 2 will be behind the wave of the alternating voltage supplied to the meas-
urement bridge 2 by the alternating current source 3.

The amplitude and phase shift of the output B of the measurement bridge 2 with re-
spect to the operating voltage is defined by the sensor coil 1a (L+RL) and serial re-
sistance R2. On the opposite side of the measurement bridge 2 the capacitor C and
its parallel resistor RC are chosen to outbalance the positive phase shift caused by
the inductance of the sensor coil 1a. They have a negative phase shift so that the al-
ternating current will be ahead of voltage of alternating current source 3. These can
be seen from the voltage vectors presented in figure 6.

The amplitude and phase shift of the output A of the measurement bridge 2 with re-
spect to the operating voltage is defined by the capacitor C, parallel resistance RC
and serial resistor R1. If the capacitor C and the resistors RC and R1 are chosen ac-
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cording to the sensor coil 1a, the amplitudes and the phase shifts at both outputs A
and B can be fixed to an appropriate basic level that gives a low basic output signal
from the measurement bridge 2. That is the potentials at both outputs A and B are
equal when the sensor coil 1a is outbalanced.

The polarity of the basic output signal from the measurement bridge 2 must be the
same as in a measurement situation. In a measurement situation, the amplitude and
the phase shift at the output B changes with an increase in the apparent inductance
of the sensor coil 1a when a grease sample having an amount of metal contaminat-
ing particles is placed on the core 1b, causing a potential difference between the two
outputs (A-B). This increases the root-mean-square value of the output signal.

The output signal from the outputs A and B is then rectified in a rectifier bridge 4.
A filtering capacitor 6 is supplied for filtering the resulting DC current. The recti-
fied and filtered signal can then be analyzed and the result of the analyze outputted
to the user with one of the several possible types of arrangements in an user inter-
face circuit 7.

The simplest example of the user interface circuit 7 is a qualitative threshold dis-
play. For example a LED 9 in figure 3 can be illuminated when the voltage of the
output signal exceeds a pre-set level. There can be several levels each level lighting
a different colored LED 9. At the same time an audible alarm can be heard. The
alarm level is adjusted by means of a variable resistor 8 when a calibration grease
with a specific metal particle content is applied to the sensor coil 1a.

Another example of the user interface circuit 7 is a quantitative display. This dis-
play can be a digital voltage displaying device 11 with an A/D-converter 10 as pre-
sented in figure 4, or a traditional coil instrument, or some other type of device ca-
pable of displaying voltage signal levels. It indicates the metal particle content as a
number that is relative to the apparent change in the inductance of a sensor coil 1a.
It however does not express the metal particle content as such; the value can be
compared with a given limit value for acceptable grease samples, or the value can
be externally converted into a metal particle content by using a library of data ob-
tained by previous or subsequent measurements on grease samples of known metal
particle content.

The third example of the user interface circuit 7 is an analytical equipment, which
by means of software converts each measurement signal into a metal particle con-
tent. This equipment can for example be a microcontroller 13 having an A/D-
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converter input 12 as presented in figure 5. The result of the measurement is then
displayed for example on a digital display 14. This equipment has to be calibrated
by using grease samples of known metal particle content. In this calibration process
a conversion table between voltage levels and metal particle contents is created and
saved to be used by the software during measurements. This analyzer circuit has the
advantage that the software can collect several measurement results and save them
to a data file for later inspection.

If the rectified and filtered output signal is too weak before analyzing, an amplifier
can be added to the circuit before user interface circuit.

In order to reduce any thermal effects on the grease sample, and its softening due to
this, the sensor coil 1a can be de-connected from the measurement bridge 2 between
measurements. This also reduces further the power consumption of the measuring
device, especially in portable devices.

For the one skilled in the art it is obvious that the preceding example does not limit
the scope of the invention, and that the different alternatives of the invention are de-
fined by the claims.
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What is Claimed is:

1. A device for determining metallic contaminant particles in lubricating grease,
a sample being taken for determination, the device comprising:

- a sensor (1) comprising a core (1b), on which the measured grease sample is
placed, and a sensor coil (1a) wound around the core (1b); and

- an alternating current source (3) for supplying the operating voltage;
characterized in that, the device further comprises:

- an inductance measurement bridge (2) for determining the change of the imped-
ance of the sensor coil (1a), when a sample of lubricating grease containing con-
taminating particles is applied on the sensor (1), and outputting a differential output
signal to the outputs (A and B).

2. A device for determining metallic contaminant particles in lubricating grease
according to claim 1, characterized in that, the sensor coil (1a) is a part of the in-
ductance measurement bridge (2) on one side, and the capacitor (C) and parallel re-
sistor (RC) are part of the inductance measurement bridge (2) on the opposite side.

3. A device for determining metallic contaminant particles in lubricating grease
according to claim 1 or 2, characterized in that, the device further contains a recti-
fier bridge (4) and a filter capacitor (6) for rectifying and filtering the output signal
from the measurement bridge (2).

4. A device for determining metallic contaminant particles in lubricating grease
according to claims 1, 2 or 3, characterized in that, the device further comprises an
amplifier (5) for amplifying the rectified and filtered output signal.

5. A device for determining metallic contaminant particles in lubricating grease
according to any of claims 1-4, characterized in that, the device further comprises
an user interface circuit (7) for analyzing the rectified and filtered output signal and
outputting the result to the user.

6. A device for determining metallic contaminant particles in lubricating grease
according to claim 5, characterized in that, the user interface circuit (7) is a quali-
tative threshold display.
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7. A device for determining metallic contaminant particles in lubricating grease
according to claim 5, characterized in that, the user interface circuit (7) is a quanti-
tative display.

8. A device for determining metallic contaminant particles in lubricating grease
according to claim 5, characterized in that, the user interface circuit (7) is an ana-
lytical equipment.
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