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Couplant and Arrangement of Couplant, Transducer, and Construction Component

Embodiments of the present invention relate to monitoring of construction components in
mechanical systems, more particularly but not exclusively to couplants of transducers or

sensors in mechanical systems.

Background

In mechanical systems monitoring of components can be very important. For example,
roller bearings may suffer from abrasion and may cause severe damage to mechanical sys-
tems when they break down. Therefore, the deterioration of these components can be
monitored using transducers or sensors. Such sensors may comprise piezoelectric compo-
nents or semiconductors, which convert a mechanical or acoustic vibration or oscillation
into an electrical signal. The electrical signal can then be processed, for example, a fre-
quency analysis can be carried out, in order to detect frequencies which indicate an abra-
sion or deterioration of the respective components. For example, a roller bearing, as it
wears out, may generate characteristic vibrations, which, once detected, may indicate a
forthcoming breakdown of the bearing. Such a signal can then be used to generate a warn-

ing, especially when further components will be affected by the bearing breakdown.

The application of bearings and according monitoring systems as described above is very
broad. For example, any kind of vehicles use a large number of bearings, such of which are
used to bear critical components. For example, thinking of trains, their axes make use of
bearings, which may cause severe accidents and damages, when they break down. Another
application is, for example, power plants, such as off-shore wind power stations. The bear-
ing of the rotors of such power stations is critical, especially when they are located off-
shore, i.e. when they are not easily accessible. Therefore, there is a desire to monitor the
bearing of such wind power stations in order to detect eventual failures early and to shut
down the power station before severe damages occur. Steel works are another example of
an application of the above transducer systems. Wherever bearings are used to bear com-
ponents of power units, may they be rotors of wind power stations, axes of combustion en-
gines or engines of conveyor belts, there is a desire to be informed of a forthcoming failure

as soon as possible.
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Document US 3 663 842 A discloses an ultrasonic probe, which has a solid, flexible, elas-
tic, graded acoustical impedance coupling device with fine geometrical and naturally
shaped metal and glass component powders. Document GB 2 109 555 A discloses an ultra-
sound transducer, which is coupled to a work piece by an elastomeric member and meas-
urements based on echoes returned from inhomogeneities within the work piece are initiat-
ed by detection of the echo from the interface between the work piece and the coupling

member.

Summary

Embodiments are based on the finding that acoustic emission transducers can be used for
monitoring of construction components. It is a further finding that there is a desire to de-
termine the sensitivity of a monitoring system in order to evaluate whether a given detec-
tion level should give cause for concern. Acoustic emission sensors can generally be de-
signed to respond to motion normal to the surface on which they are applied, and can be
manufactured as resonant devices to increase sensitivity around a frequency range of par-

ticular interest.

Embodiments are further based on the finding that the structural composition of such a de-
vice is critical for its sensitivity. In some embodiments a transducer may comprise a piezo-
electric element with a certain geometry and mechanical resonances, which outputs an
electrical signal. Such an electrical signal may then be pre-amplified and further processed.
The further processing may include analog digital conversion, filtering, transformations,
etc. Embodiments are further based on the finding that the sensitivity of a transducer is fur-
ther influenced by the way such a transducer or sensor is coupled to the surface in question.
In other words it is a finding that in any given situation poor coupling or bad choice of the
couplant can lead to large drops in sensitivity. Hence, it is a further finding that the cou-
plant of such a system is a major source of uncertainty in assessing the system sensitivity.
This sensitivity may be fairly high level in laboratory conditions, however, when taking
such measurements in the field, for example on vehicles or in power plants, it is not un-

common to see order of magnitude variations in the overall sensitivity.

It is a further finding that a couplant should remove air between the face of the transducer
or sensor, and the respective surface of the construction component. It is a further finding

that when air gets trapped due to the microstructure of the two contacting surfaces, the sen-

PCT/EP2015/060071



WO 2015/180941

10

15

20

25

30

sitivity of the transducer degrades. The acoustic impedance of air is far lower than that of
the sensor face or test material and will cause considerable transmission losses at the inter-
face. Moreover, it is a further finding that in addition to being of substantial higher acoustic
impedance than air, a coupling layer should also be thin compared to the wavelength of the

signal which is to be measured, as, for example, ultrasonic waves.

It is a further finding of embodiments that a hard metal introduced to the couplant can fur-
ther lower the attenuation of the couplant between the transducer and the surface of the
construction component. Acoustic emission may typically be measured in the frequency
range of 100Hz to 500 kHz. The high frequency oscillations are hard to measure and there-
fore a good coupling between the sensor and the oscillation source may be desirable. If the
coupling is not good, then the signal amplitude may decrease, which may in turn make it
difficult to interpret these signals. The influencing factors are sensor geometry, couplant
and surface properties of the target. Embodiments may provide a thread which allows
mounting of sensors to a bearing housing, i.e. which allows generating a certain force or

pressure between the surface of the sensor and the surface of the construction component.

Embodiments provide a couplant for coupling a transducer to a surface of a construction
component. The couplant comprises basically 36% to 40% mass portion of hard metal. It is
a finding that the portion of hard metal helps decreasing the impedance or the attenuation
of the coupling layer between the transducer and the surface of a construction component,
such as a housing of a bearing. Decreasing the attenuation allows for determining or detect-
ing more reliable signals and hence may allow the system to be more reliable. Therewith,
failures may be detected more reliably. A mass portion in the range of 36% to 40% may
provide a particularly low impedance between the transducer and the surface of the con-
struction component. The overall system may be made more robust. Furthermore, embod-
iments may allow detecting forthcoming failures of construction components sooner, such

that further damages can be avoided more effectively.

Embodiments may provide the couplant with a mass portion of hard metal which is basi-
cally 37 to 39%, 37,5% to 38%, or 37,7%. In other words, it is a finding that a mass portion
of hard metal of somewhat above 1/3 within the couplant, provides good coupling proper-
ties. That is to say when using 36-40% of hard metal within the couplant, a low impedance

or a low attenuation of the coupling layer can be realized. Hence, in some embodiments,
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basically 36-40% of hard metal may be used within the couplant, where about 37,7%

showed to be an advantageous combination.

In embodiments, the hard metal portion may comprise basically any hard metal. For exam-
ple, the hard metal portion may comprise at least one of or a combination of the group of
tungsten, W, tungsten carbide, W2C, WC, titanium nitride, TiN, titanium carbide, TiC, ti-
tanium carbide-nitride, Ti(C)N, titanium aluminum nitride, TiAIN, tantalum carbide TaC,
cobalt, Co, and molybdenum, Mo. Embodiments can be based on the finding that such a
hard metal may not be very compressive, therefore it elastically conducts the acoustic
waves or vibrations through the couplant to the surface of the sensor or transducer. It is
therefore a further finding that especially hard metals can provide low attenuation cou-
plants. For example, a couplant using tungsten powder may provide the advantage that the

attenuation as compared to the same couplant without tungsten powder can be decreased.

In embodiments the couplant may further comprise grease or a water-based gel. Such cou-
plant can be used in embodiments that further have a mounting structure, such as a thread,
a hole, a deepening, etc. for mounting the transducer or sensor and which may allow en-
capsulating the couplant. Such an encapsulation may as well be used to protect the cou-
plant from other influences, such as salt water, e.g. when used in underwater application or
in a vehicle exposed to de-icing salt, dust and dirt, heat, wetness, etc. Hence, in embodi-
ments grease or gel can be used in the couplant together with the hard metal. For example,
the transducer can be mounted using a thread or it can be screwed. In other embodiments, a
clamp or a bracket can be used in order to mount the transducer to the construction compo-
nent. Moreover, in some embodiments a spring can be used in order to provide a defined

force between the transducer surface and the surface of the construction component.

In some embodiments the couplant can be used for hand measurement. In other words, a
transducer is used to take occasional measurements on components, for example, for error
control and trouble-shooting purposes. In such a scenario the couplant can be used in order
to establish an acoustic coupling between the transducer and the component to be checked.
In this scenario embodiments can enable a more reliable hand measurement. Moreover, as
in conventional scenarios, high pressure or high force has to be applied to a transducer
which is used for a hand measurement, this force can be reduced, as a better coupling can

be achieved with the couplant at lower force.
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In further embodiments, the couplant may as well comprise a curing material. In embodi-
ments, the curing material may comprise at least one of or a combination of resin, epoxy,
glue, PolyURrethane (PUR), silicone, adhesive, and sealing compound. In other words, it
is a further finding of embodiments that a curing material such as a glue can be used in or-
der to glue the transducer to the surface of the construction component. Moreover, the hard
metal within the couplant is kept in place such that the low attenuation property of the cou-
plant can be kept after curing the material, i.e. the curing material may avoid separation of
the hard metal or changes in the concentration or distribution of the hard metal within the
couplant. Embodiments may therewith provide the advantage that the transducer can be
efficiently glued or mounted on the surface of a construction component while the hard
metal within the couplant assures low attenuation or high coupling of acoustic waves be-
tween the surfaces of the construction component and the transducer. Embodiments may
therefore provide the advantage that they make use of the synergy between the curing ma-

terial and the hard metal within the same couplant.

In embodiments, the curing material when cured may have a hardness between basically 75
to 95 Shore D, 80 to 90 Shore D, or 84 to 86 Shore D. In other words, in embodiments, it
may be advantageous to use a curing material with hardness within the above limits after
curing, holding the hard metal powder or particles in place, such that an improved coupling

of the two surfaces is achieved.

Embodiments further provide an arrangement of a transducer, a construction component
and a couplant according to the above description. The transducer can be mounted to the
construction component with the couplant between a surface of the construction compo-
nent and a transducer. In some embodiments, the transducer can correspond to an acoustic
emission sensor, which is coupled to the surface of the construction component. As de-
scribed above, the couplant may then couple the two surfaces. In some embodiments, the
transducer can be glued to the construction component with the couplant. In such embodi-
ments, the synergy between the glue, offering an effective way to mount or attach the sen-
sor to the target, and the hard metal within the couplant, allowing for a good acoustic cou-

pling between the sensor and the surface, can be exploited.
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In embodiments different transducer shapes may be utilized. For example, a transducer
may have a flat transducer face or a rounded transducer face pointed towards a construc-
tion component. The rounded transducer face may correspond to a spherical or a partly
spherical shape. In other words, embodiments may further exploit the finding that the sur-
face shape of the transducer may affect the coupling. While a flat surface shape may pro-
vide a larger contact area, a rounded transducer face may enable a higher pressure in a
small area. Embodiments may, in addition to the couplant and the hard metal, further make
use of different transducer face shapes in order to further improve the coupling. In embod-
iments a transducer can be adapted to measure oscillations in a range of basically 1kHz to
IMHz, 10kHz to 750kHz, 500Hz to 10kHz, or 100kHz to 500kHz. That is to say, that in
embodiments a transducer may be adapted to measure acoustic waves as well as ultrasonic
waves. Embodiments may therefore provide the advantage that a good coupling may be
achieved with a coupling comprising the hard metal over a wide bandwidth. In embodi-
ments, the construction component may correspond to a bearing, a roller bearing or a bear-
ing housing. Moreover, in embodiments the construction component may be comprised in
a vehicle, such as a train, a car, a bus, in a power plant, such as a wind power station, an
underwater power station, a steelwork, an automotive application, in a conveyor system, in

a steel mill, in a rolling mill, etc.

In some embodiments the construction component may be a casted construction compo-
nent. In other words, the construction component may be a cast iron or other material part
which has a rather low hardness compared to the hard metal within the couplant. Embodi-
ments may therewith provide the advantage that even a vibration from a softer part, such as
a cast part or piece, can be coupled to the sensor. By using the curing material in the cou-
plant, the curing material can be adapted to the surface and to the material, such as cast
iron, of the construction component. In other words, embodiments may provide the ad-
vantage that the curing material can be adapted to the construction component, such that
the mechanical coupling of the transducer can be optimized. Moreover, the portion of the
hard metal and the hard metal itself can be selected in a way such that an acoustic coupling

is improved or even optimized at the same time.

In further embodiments the couplant is adapted to couple the transducer with a roller bear-
ing such that oscillations of the roller bearing are detectable from an output signal of the

transducer. In other words, some embodiments may comprise further electrical compo-
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nents, such as a preamplifier, an amplifier, a filter, a converter, any processing means, a
processor, etc. in order to determine oscillations from the output signal of the transducer.
Such oscillations may undergo further signal processing such as frequency analysis, filter-
ing, analog-to-digital conversion, etc., in order to determine whether the roller bearing

generates any suspicious vibrations or oscillations.

Brief description of the Figures

Some other features or aspects will be described using the following non-limiting embodi-
ments of apparatuses and/or methods by which of example only, and with reference to the

accompanying Figures, in which

Fig. 1 illustrates an embodiment of an arrangement of a transducer, a couplant and a con-

struction component, and

Fig. 2 illustrates another embodiment of an arrangement with accordingly adapted pro-

cessing.

Description of some embodiments

Various embodiments will now be described in more detail with reference to the accompa-
nying drawings. In the Figures, the thicknesses of lines, layers and/or regions may be ex-
aggerated for clarity.

Accordingly, while embodiments are capable of various modifications and alternative
forms, embodiments thereof are shown by way of example in the Figures and will herein
be described in detail. It should be understood, however, that there is no intent to limit em-
bodiments to the particular forms disclosed, but on the contrary, embodiments are to cover

all modifications, equivalents, and alternatives falling within the scope of the invention.

Like numbers refer to like or similar elements throughout the description of the Figures. It
will be understood that when an element is referred to as being “connected” or “coupled”
to another element, it can be directly connected or coupled to the other element or interven-
ing elements may be present. In contrast, when an element is referred to as being “directly

connected” or “directly coupled” to another element, there are no intervening elements pre-
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sent. Other words used to describe the relationship between elements should be interpreted

<

in a like fashion (e.g., “between” versus “directly between,” “adjacent” versus “directly

adjacent,” etc.).

The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of example embodiments. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used herein, specify the presence of
stated features, integers, steps, operations, elements and/or components, but do not pre-
clude the presence or addition of one or more other features, integers, steps, operations,

elements, components and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which embodiments belong. It will be further understood that terms, e.g., those defined in
commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the relevant art and will not be interpreted in an ideal-

ized or overly formal sense unless expressly so defined herein.

In the following description some components will be displayed in multiple Figures carry-
ing the same reference signs, but may not be described multiple times in detail. A detailed

description of a component may then apply to that component for all its occurrences.

Fig. 1 illustrates an embodiment of an arrangement of a transducer 14, a construction com-
ponent 16 and a couplant 10. The transducer 14 is mounted to the construction component
16 with a couplant 10 between the surface of the construction component 16 and a trans-
ducer 14. The couplant 10 couples the transducer 14 to the surface of the construction
component 16. The couplant 10 comprises basically 36 to 40% of tungsten in the present
embodiment. The transducer 14 is implemented as an acoustic emission sensor and con-
nected to the target 16 by the couplant 10. Moreover, it is assumed that the target surface,
i.e. the surface of the construction component 16, has a roughness preferably between 0.8

um Ra or a range of 0.2 to 1.6 um Ra with a flat sensor 14 depending on the properties of
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the couplant. As Fig. 1 shows, in the present embodiment, it is assumed that the transducer

14 has a flat transducer face.

In the present embodiment, the couplant 10 comprises a curing material. The curing mate-
rial comprises a resin. In other words, the connection between the sensor 14 and the target
16 is done by a resin system 10 with an approximate hardness of 85 Shore D, mixed with
more than 1/3 mass portion of tungsten powder. That is to say, the ratio between the resin
and the tungsten powder is less than 2:1, e.g. 1.66:1. The resin can correspond to epoxy
resin. The epoxy resin couples the transducer 14 and the construction component 16. In
other words, the couplant 10 is directly coupled to the surface of the transducer 14 and to
the surface of the construction component 16. A design of experiments in accordance with
a six sigma quality process was conducted where epoxy to tungsten ratio was an input, am-
plitude and frequency response were outputs. The experiment concluded a ratio of 37.7%
was optimum for the coupling of the sensor to metal surface within a 500Hz to 10kHz pass
band. The couplant may alter the signal impedance properties for acoustic signal propaga-
tion. The couplant may further enable a better match of the junction impedance between
metal and epoxy and between epoxy and sensor for reducing the effects of acoustic signal

reflection.

In another embodiment, the sensor 14 can be screwed onto a construction component 16.
In that case, instead of a curing material, a grease or water-based gel may be used compris-
ing according hard metal portions. Fig. 1 depicts an embodiment wherein the transducer 14
is glued to the construction component 16 with the couplant 10. The magnification window
12 shows the hard metal particles or powder within the couplant. In the present embodi-
ment, the acoustic emission sensor 14 is adapted to measure frequencies between 100kHz

and 500kHz, 500Hz and 100kHz.

Fig. 2 illustrates another embodiment of an arrangement of a transducer 14, a construction
component 16 and a couplant 10. As shown in Fig. 2, the construction component 16 cor-
responds to an outer ring 16 of a roller bearing to which the transducer 14, which is again
implemented as an acoustic emission sensor 14, is glued using the couplant 10. In other
embodiments, the transducer 14 can also be coupled using the couplant 10 to a bearing
housing or any other housing. Such a housing may correspond to a casted construction

component. In the embodiment shown in Fig. 2, the couplant 10 is adapted to couple the
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10

transducer 14 with the roller bearing 16 such that oscillations of the roller bearing are de-
tectable from an output signal of the transducer 14. This is indicated in Fig. 2 by the further
components 20, 22, 24. As illustrated by Fig. 2 the outputs of the acoustic emission sensor
14 are coupled to an amplifier 20 having an amplification gain of g. The output of the am-
plifier is then converted by the analog/digital converter 22 (A/D) before the digital samples
are then further processed by the microprocessor 24 (uP). In the present embodiment, it is
assumed that the frequency analysis is carried out by the microprocessor, looking for signal
parts at frequencies, which are indicative of the roller bearing 16 to wear off, i.e. to a forth-
coming breakdown. These frequency parts of the signals are then compared against a
threshold, and if they exceed the threshold an according alarm signal is generated as indi-

cated in Fig. 2.

Embodiments may provide the advantage that the coupling between the sensor 14 and the
target 16 result in better signal amplitudes at the output of the sensor 14. Embodiments
may therewith allow a use of less powerful and cheaper amplification electronics. Moreo-
ver, embodiments may allow for a more reliable detection of suspicious vibrations or oscil-

lations in mechanical systems.

The description and drawings merely illustrate the principles of the invention. It will thus
be appreciated that those skilled in the art will be able to devise various arrangements that,
although not explicitly described or shown herein, embody the principles of the invention
and are included within its scope. Furthermore, all examples recited herein are principally
intended expressly to be only for pedagogical purposes to aid the reader in understanding
the principles of the invention and the concepts contributed by the inventor(s) to furthering
the art, and are to be construed as being without limitation to such specifically recited ex-
amples and conditions. Moreover, all statements herein reciting principles, aspects, and
embodiments of the invention, as well as specific examples thereof, are intended to en-

compass equivalents thereof.

It should be appreciated by those skilled in the art that any block diagrams herein represent
conceptual views of illustrative circuitry embodying the principles of the invention. Simi-
larly, it will be appreciated that any flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes which may be substantially repre-
sented in computer readable medium and so executed by a computer or processor, whether

or not such computer or processor is explicitly shown.
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10
12
14
16
20
22
24

Couplant

Hard metal

Transducer

Construction component
Amplifier
Analog/Digital converter

Micro processor
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Claims

Couplant and Arrangement of Couplant, Transducer, and Construction Component

1. A couplant (10) for coupling a transducer (14) to a surface of a construction compo-

nent (16), the couplant (10) comprising 36% to 40% mass portion of hard metal (12).

2. The couplant (10) of claim 1, wherein the mass portion is 37%-39%, 37,5%-38%, or
37,7%.

3. 'The couplant (10) of claim 1, the hard metal (12) portion comprises at least one of or a
combination of the group of tungsten (W), tungsten carbide (W2C, WC), titanium nitride
(TiN), titanium carbide (TiC), titanium carbide-nitride (Ti(C)N), titanium aluminum nitride

(TiAIN), tantalum carbide (TaC), cobalt (Co), and molybdenum (Mo).

4. The couplant (10) of one of the preceding claims, further comprising grease or a wa-

ter-based gel.

5. The couplant (10) of one of the preceding claims, further comprising a curing material.

6. The couplant (10) of claim 5, wherein the curing material comprises at least one of or
a combination of resin, epoxy, glue, polyurethane (PUR), silicone, adhesive, and sealing

compound.

7. The couplant (10) of claim 5, wherein the curing material when cured has a hardness

between 75 to 95 Shore D, 80 to 90 Shore D, or 84 to 86 Shore D.

8. An arrangement of a transducer (14), a construction component (16) and a couplant
(10) according to one of the preceding claims, the transducer (14) being mounted to the
construction component (16) with the couplant (10) between a surface of the construction

component (16) and the transducer (14).
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9. The arrangement of claim &, wherein the transducer (14) corresponds to an acoustic

emission senor.

10. The arrangement of claim 8, wherein the transducer (14) is glued to the construction

component (16) with the couplant (10).

11. The arrangement of claim 8, wherein the transducer (14) has a flat transducer face or a

rounded transducer face pointed towards the construction component (16).

12. The arrangement of claim 8, wherein the transducer (14) is adapted to measure oscilla-
tions in a range of 1kHZ to 1MHz, 10kHz to 750kHz, 500Hz to 10kHz, or 100kHz to
500kHz.

13. The arrangement of claim &, wherein the construction component (16) corresponds to

a bearing, a roller bearing, or a bearing housing.

14. The arrangement of claim 8, wherein the construction component (16) is a casted con-

struction component (16).

15. The arrangement of claim 8, wherein the couplant (10) is adapted to couple the trans-
ducer (14) to the construction component (16) corresponding to a roller bearing such that

oscillations of the roller bearing are detectable from an output signal of the transducer (14).
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