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(57) Abstract: An arrangement (100) for monitoring an antifriction bearing (184) of
a rotating shaft (180) of a rotating electric machine (186). The arrangement (100) in-
cludes: one or more capacitor electrodes (114) to measure a capacitive shaft displace-
ment parameter (134)); one or more of the following additional measurement sensors:
a microphone (118) to measure a bearing noise parameter (138), a voltage sensor (116)
to measure a bearing current parameter (136), and/or an optical pyrometer (110) to
measure a shaft heat parameter (130); and one or more processors (160) configured to
evaluate (150) a condition (152) of the antifriction bearing (184) based on the capac-
itive shaft displacement parameter (134) and one or more of the following: the bear-
ing noise parameter (138), the bearing current parameter (136), and/or the shaft heat
parameter (130).
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ARRANGEMENT FOR MONITORING ANTIFRICTION BEARING OF ROTATING SHAFT
OF ROTATING ELECTRIC MACHINE

FIELD

The invention relates to an arrangement for monitoring an antifriction

bearing of a rotating shaft of a rotating electric machine.

BACKGROUND

A rotating shaft is an essential part of a rotating electric machine (such
as an electric motor, an electric generator, or another electromagnetic machine).
The shaft is accommodated by an antifriction bearing. Condition monitoring of
the antifriction bearing during use is important. In the prior art, condition
monitoring is based on vibration measurements. There are two types of
measurements: a bearing housing acceleration measurement, and a relative shaft
displacement measurement. The acceleration measurement is applied for
machines with all types of bearings, but the shaft displacement measurement is
only applied for a plain bearing (or solid bearing), wherein the journal slides over
the bearing surface (i.e., no antifriction bearing is used), and, hence, information
related to a behaviour of a lubrication film is obtained. This means that the
condition monitoring of the antifriction bearing machines is only based on the
acceleration measurement, which has two shortcomings: the measurement is not
applicable in a low frequency range (below 10 Hz), and the identification of the
local behaviour is difficult. The acceleration measurement only yields indirect
information, and no information on essential physical behaviour related to the
antifriction bearing such as an oscillating bearing force based on a relative
displacement and bearing stiffness, a contact angle of rolling elements, a state of
contact of rolling elements around the perimeter, a tilting angle of the free-end
outer ring, and a stick-slip motion of the free-end bearing.

Therefore, the condition monitoring necessitates further

sophistication.

BRIEF DESCRIPTION

The present invention seeks to provide an improved arrangement for
monitoring an antifriction bearing of a rotating shaft of a rotating electric
machine, and an improved installation comprising the rotating electric machine,
the rotating shaft, the antifriction bearing and the arrangement.

According to an aspect of the present invention, there is provided an
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arrangement as specified in claim 1.
According to another aspect of the present invention, there is provided

an installation as specified in claim 14.

LIST OF DRAWINGS

Example embodiments of the present invention are described below,
by way of example only, with reference to the accompanying drawings, in which
Figure 1 illustrates example embodiments of an arrangement for

monitoring an antifriction bearing of a rotating shaft of a rotating electric

machine;

Figure 2A illustrates example embodiments of a rotating shaft;

Figure 2B illustrates example embodiments of a circuit board;

Figures 3A, 3B and 3C illustrate further example embodiments of the
circuit board;

Figures 4A and 4B illustrate further example embodiments of the
arrangement;

Figure 5 illustrates an example embodiment of an angular contact ball
bearing;

Figure 6 illustrates an example embodiment of an outer ring tilting;
and

Figures 7, 8, 9, 10 and 11 illustrate further example embodiments of

the arrangement.

DESCRIPTION OF EMBODIMENTS

The following embodiments are only examples. Although the
specification may refer to “an” embodiment in several locations, this does not
necessarily mean that each such reference is to the same embodiment(s), or that
the feature only applies to a single embodiment. Single features of different
embodiments may also be combined to provide other embodiments.
Furthermore, words "comprising” and "including” should be understood as not
limiting the described embodiments to consist of only those features that have
been mentioned and such embodiments may contain also features/structures
that have not been specifically mentioned.

Let us study Figure 1, which illustrates example embodiments of an
arrangement 100 for monitoring an antifriction bearing 184 of a rotating shaft
180 of a rotating electric machine 186.

The arrangement 100 comprises one or more capacitor electrodes 114
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configured and positioned adjacent to the antifriction bearing 184 of the rotating
shaft 180 of the rotating electric machine 186 to measure a capacitive shaft
displacement parameter 134 from an interaction with an electrically conducting
part 182 of the rotating shaft 180.

In its simplest form, the capacitive shaft displacement parameter 134
determines a distance between the rotating shaft 180 and the one or more
capacitor electrodes 114.

The arrangement 100 also comprises one or more of the following
additional measurement sensors:

- a microphone 118 configured and positioned adjacent to the
antifriction bearing 184 to measure sound waves caused by the antifriction
bearing 184 as a bearing noise parameter 138;

- a voltage sensor 116 configured to measure a voltage difference
between the rotating shaft 180 and a static part of the rotating electric machine
186 as a bearing current parameter 136; and/or

- an optical pyrometer 110 configured to measure a temperature of the
rotating shaft 180 as a shaft heat parameter 130.

The arrangement also comprises one or more processors 160
configured to evaluate 150 a condition 152 of the antifriction bearing 184 based
on the capacitive shaft displacement parameter 134 and one or more of the
following: the bearing noise parameter 138, the bearing current parameter 136,
and/or the shaft heat parameter 130.

The condition 152 of the antifriction bearing 184 may indicate a
remaining lifetime expectancy of the antifriction bearing 184, or a service need,
for example.

In an example embodiment, the bearing noise parameter 138 and the
capacitive shaft displacement parameter 134 may be used to evaluate condition
of the antifriction bearing 184 in real-time or near real-time. The measured sound
waves may be analyzed with an envelope analysis, for example.

In an example embodiment, the microphone 118 is configured to
measure such frequencies, which are emitted as sound and/or vibration (even out
of the human hearing range), that indicate the condition 152 such as wearing of
the antifriction bearing 184, for example. An excessive bearing noise (exceeding a
decibel limit, or having a certain frequencies, for example) indicates that the
antifriction bearing 184 is close to an end of its lifecycle or that it needs to be

serviced or replaced.
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With the voltage difference measurement, voltage differences between
opposite ends of the rotating shaft 180 may be detected and monitored. If the
voltage difference between opposite ends is considerable, it may cause harmful
bearing currents decreasing lifetime of the antifriction bearing 184, if the
opposite ends are electrically connected through a circuit formed by the frame of
the rotating electric machine 186. Electrical bearing currents may cause pitting
and excessive bearing noise, fluting, and finally even a motor failure.

In an example embodiment, high-frequency voltage is fed to to a
capacitance circuit formed by the rotating shaft 180 and the one or more
capacitor electrodes 114 in order to measure the capacitive shaft displacement
parameter 134, whereas the voltage difference is measured between the rotating
shaft 180 and a static part of the rotating electric machine 186 such as a frame of
the rotating electric machine 186 or a shield of the antifriction bearing 184.

The optical pyrometer 110 determines from a distance the
temperature of a surface of the rotating shaft 180 from a spectrum of the thermal
radiation the surface emits. It has bee found out that the capacitive shaft
displacement parameter 134 together with the shaft heat parameter 130
indicates well the remaining lifetime of the antifriction bearing 184. For example,
if the displacement exceeds a predetermined threshold and the temperature is
over a certain limit, it may de deduced that the antifriction bearing 184 is worn
beyond an acceptable limit.

In an example embodiment, a circuit board 120 may comprise the one
or more processors 160 to process the measured data from the sensors 110, 114,
116, 118. However, the one or more processors 160 may be located near the
circuit board 120, in the same housing or in a separate housing, or even at a
greater distance, such as in a server or a computing cloud, for example.

The communication between these different actors may be
implemented with appropriate wired/wireless communication technologies and
standard/proprietary protocols.

In an example embodiment, the wired communication is implemented
with a suitable communication technology utilizing coaxial cable, twisted pair or
fibre optic, and LAN (Local Area Network) or the Ethernet, for example.

In an example embodiment, the wireless communication is
implemented with a suitable cellular communication technology such as GSM,
GPRS, EGPRS, WCDMA, UMTS, 3GPP, IMT, LTE, LTE-A, or with a suitable non-

cellular communication technology such as Bluetooth, Bluetooth Low Energy, Wi-
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Fi, WLAN (Wireless Local Area Network).

The term 'processor’ 160 refers to a device that is capable of
processing data. Depending on the processing power needed, one or more
processors 160 may be used such as parallel processors or a multicore
processor(s).

The one or more processors 160 also use 'memory’, which refers to a
device that is capable of storing data run-time (= working memory) or
permanently (= non-volatile memory). The working memory and the non-volatile
memory may be implemented by a random-access memory (RAM), dynamic RAM
(DRAM), static RAM (SRAM), a flash memory, a solid state disk (SSD), PROM
(programmable read-only memory), a suitable semiconductor, or any other
means of implementing an electrical computer memory.

The one or more processors 160 and the memory may be
implemented by an electronic circuitry. A non-exhaustive list of implementation
techniques for the one or more processors 160 and the memory includes, but is
not limited to: logic components, standard integrated circuits, application-specific
integrated circuits (ASIC), system-on-a-chip (SoC), application-specific standard
products (ASSP), microprocessors, microcontrollers, digital signal processors,
special-purpose computer chips, field-programmable gate arrays (FPGA), and
other suitable electronics structures.

The processing may be implemented with computer program code in a
form of software and/or hardware. In an example embodiment, the software may
be written by a suitable programming language (a high-level programming
language, such as C, C++, or Java, or a low-level programming language, such as a
machine language, or an assembler, for example), and the resulting executable
code may be stored on the memory and run by the one or more processors 160.
In an alternative example embodiment, the functionality of the hardware may be
designed by a suitable hardware description language (such as Verilog or VHDL),
and transformed into a gate-level netlist (describing standard cells and the
electrical connections between them), and after further phases the chip
implementing the one or more processors 160, memory and the code may be
fabricated with photo masks describing the circuitry.

In an example embodiment, the arrangement 100 further comprises a
user interface 162 configured to output the condition 152 of the antifriction
bearing 184.

In an example embodiment, the arrangement 100 further comprises a
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data communication interface 164 configured to communicate the condition 152
of the antifriction bearing 184. The data communication interface 164 may be
implemented with the above-described appropriate wired/wireless
communication technologies and standard/proprietary protocols. The data
communication interface 164 may implement a simplex or a duplex connection
166 with an external controlling apparatus 170, such as as control centre, an
operations and maintenance centre, a service centre, or the like.

In an example embodiment an installation 190 comprises the rotating
electric machine 186, the rotating shaft 180, the antifriction bearing 184 and the
arrangement 100. Such an installation 190 may be in a factory, power plant,
vessel, or in another site, wherein rotating electric machines 186 are used.

Another patent application by the applicant, published as EP 2918964,
is incorporated herein by reference in all jurisdictions where applicable. It may be
consulted in order to find a further enabling disclosure, especially for the
capacitor electrodes 114 and their use for measuring the capacitive displacement
parameter. The present application describes an enhanced measurement
arrangement, bringing forward advantages in installation ease, integration,
sensor costs and measurement accuracy.

In an example embodiment illustrated in Figures 1 and 2B, the
arrangement 100 further comprises an optical pulse sensor 112 configured and
positioned adjacent to the antifriction bearing 184 to measure a rotation angle of
the rotating shaft 180 as a shaft rotation angle parameter 132. The one or more
processors 160 are further configured to calculate 144 a radial displacement
parameter 146 of the rotating shaft 180 as a function of the rotation angle based
on the shaft rotation angle parameter 132 and the capacitive shaft displacement
parameter 134. The one or more processors 160 are further configured to
evaluate 150 the condition 152 of the antifriction bearing 184 also based on the
radial displacement parameter 146 indicating bending of the rotating shaft 180.

In an example embodiment illustrated in Figure 2B, the rotating shaft
180 comprises a suitable counterpart surface 202 for the optical pulse sensor 112
so that the rotation angle may be measured. The counterpart surface 202 may be
machined into the surface of the rotating shaft 180, or attached as a coating or a
ring-like part on the rotating shaft 180, for example.

In an example embodiment, the one or more processors 160 are
further configured to calculate 140 an integration (= mathematical calculus

operation) of the rotation angle as a function of time in order to get a rotation
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speed of the rotating shaft 180 as a shaft speed parameter 142. The one or more
processors 160 are further configured to evaluate 150 the condition 152 of the
antifriction bearing 184 also based on the shaft speed parameter 142.

As shown in Figure 2A, the rotating shaft 180 may move in six degrees
of freedom: move along X, Y and Z axes, and rotate around these axes. The
translations (or movements or displacements, or rotations) of the rotating shaft
180 are marked as x' (axial displacement), y' (axial displacement) and z' (radial
displacement), and a' (rotation around x-axis), ' (rotation around y-axis), and 6’
(rotation around z-axis). In an example embodiment, these translations are
detected by the one or more capacitor electrodes 114 as the capacitive shaft
displacement parameter 134.

In an example embodiment, the rotating shaft 100 is a metal shaft of a
rotor of the rotating electric machine 186 (such as an electric motor, electric
generator, or another electromagnetic machine).

The rotating shaft 180 has two ends, a driving end (D) 400, wherefrom
power is outputted, and a non-driving end (N) 402, see Figure 4A.

In an example embodiment, the rotating shaft 100 is of a cylindrical
shape with a centre axis A. In Figure 2A, the Cartesian coordinate system is
arranged so that the z-axis coincides with the centre axis A, and x- and y-axes are
perpendicular to z-axis and to each other.

Let us next study Figure 1 and Figure 2B. In an example embodiment,
the one or more capacitor electrodes 114 and the one or more additional
measurement sensors 110, 112, 116, 118 are placed on the circuit board 120,
which is configured and positioned adjacent to the antifriction bearing 184 and
the rotating shaft 180. The circuit board 120 may gave been machined from a
circuit board blank 204. In an example embodiment, the circuit board 120 is rigid,
such as a printed circuit board.

In an example embodiment shown in Figure 2B, also the one or more
processors 160 are placed on the circuit board 120.

In an example embodiment shown in Figures 2B and 34, the circuit
board 120 comprises an arched shape 200 configured and positioned adjacent to
the antifriction bearing 184 and dimensioned and configured to receive the
electrically conducting part 182 of the rotating shaft 180. In an example
embodiment, the arched shape 200 is implemented as a mounting hole in the
circuit board 120. Such an arched shape 200 is configured and dimensioned to

receive the rotating shaft 180 with a desired fitting tolerance.
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In an example embodiment illustrated in Figure 3B, the arched shape
200 comprises a partial circle of at least 90 degrees extending perpendicularly
through the circuit board 120 to receive the electrically conducting part 182 of
the rotating shaft 180. With such a partial circle, the placing of the rigid circuit
board 120 adjacent to the rotating shaft 180 is simplified (as the rotating shaft
180 need not be able to be pushed through a mounting hole, for example).

In an example embodiment illustrated in Figure 3C, the circuit board
120 comprises two parts 1204, 120B, which are configured to be separable so as
to be placeable around the electrically conducting part 182 of the rotating shaft
180 and attachable to each other thereafter. Such a structure eases placing of the
circuit board 120 adjacent to the rotating shaft 180 as well, during manufacturing
or maintenance, for example.

Although Figures do not illustrate it, the circuit board 120 is, naturally,
fixed adjacent to the rotating shaft 180. This may be implemented by attaching
the circuit board 120 by suitable fixing means (such as glue, screws, rack, bracket,
stand, support, etc.) to the rotating electric machine 186 or to a suitable location
nearby (such as floor, wall, etc.). Furthermore, the circuit board 120 may be
protected by a suitable housing (made of metal, plastic, and/or composite), which
may be waterproof and/or dustproof. A suitable electric energy source, such as a
mains connection or a battery may be placed in the housing as well.

As shown in Figure 2A, the circuit board 200 comprises the one or
more capacitor electrodes 114 configured and positioned adjacent to the arched
shape 202. The electrically conducting 182 part of the rotating shaft 180 may be
achieved by a special coating or material mixture, or, naturally, the whole rotating
shaft 180 may be electrically conducting (as it is made of metal).

In an example embodiment, the arched shape 200 comprises a via in
the circuit board. The via, also known as a vertical interconnect access, is an
electrical connection between layers of the circuit board 120 going through the
plane of the one or more adjacent layers. In an example embodiment, the via
comprises a barrel, which is a conductive tube filling the hole, or a conductive
edge adjacent to the arched shape 200. The conductivity is achieved by
electroplating or attaching a lining (such as a tube or a rivet).

As shown in Figures 4A and 4B, the measurement points of the
arrangement 100 may be placed adjacent to more than one antifriction bearings
184, 404. In an example embodiment, two circuit boards 120, 406 are placed

adjacent to the antifriction bearings 184, 404. In an example embodiment, these
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circuit board 120, 406, and antifriction bearing 184, 404 -pairs are located at the
driving end 400 and at the non-driving end 402. A voltage difference between the
opposite ends 400, 404 may also be monitored.

In a further example embodiment, a number of arrangements 100
may be placed along the axis A of the rotating shaft 180, whereby harmful
torsional vibration of the rotating shaft 180 may be detected and monitored.

Also, if mechanical characteristics of the rotating shaft 180 are known,
a torque affecting the rotating shaft 180 may be calculated based on different
measured (by each arrangement 100) rotation angles.

The main function of the antifriction bearing 184, 404 is to provide
rotational motion between the rotating shaft 180 (also known as a rotor) and a
stator in the rotating electric machine 186. Naturally, the antifriction bearing 184,
404 carries the weight of the rotating shaft 180 and transmits external forces in
radial and axial directions, see Figure 5. The antifriction bearing design needs also
to take into account changing thermal conditions: as shown in Figure 6, a free-end
clearance between an outer race 502 and a housing 600 together with preloaded
axial springs 602 takes care of this.

The antifriction bearing 184 comprises an inner race 504 (also known
as an inner ring), an outer race 502 (also known as an outer ring), rolling
elements 500, and a housing 600 (also known as a cage).

The inner race 504 of the antifriction bearing 184 is configured and
dimensioned to receive the rotating shaft 180 of the rotating electric machine
186.

In an example embodiment, the inner race 504 is interference-fitted
onto the rotating shaft 180. In an example embodiment, the outer race 502 is
location clearance-fitted to the housing 600 in the driving end (or axially locked
end) 400. In an example embodiment, the outer race 502 is clearance-fitted to the
housing 600 in the non-driving end (or axially free end) 402.

Figure 5 illustrates an angular (angle ) contact ball bearing 402, and
Figure 6 illustrates a mechanism enabling an outer race tilting.

As shown in Figure 6, the antifriction bearing 184 is subjected to an
axial load along the X axis and a radial load along the Z axis, which produces a
moment My about the Y axis, and the outer race 502 attempts to tilt against the
restraint (by the preloaded spring) of the mounting.

Let us next study Figures 7, 8, 9, 10 and 11 illustrating various

example embodiments of the arrangement 100.
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One or more capacitor electrodes 114A, 114B are configured and
positioned adjacent to the inner race 504.

In an example embodiment illustrated in Figure 7, the one or more
capacitor electrodes 114A, 114B are configured and positioned in a front cover
700 of the antifriction bearing 184, and the capacitive shaft displacement
parameter 134 is measured between the rotating shaft 180 and the front cover
700. Figure 7 illustrates this arrangement for the driving end 400 of the rotating
shaft 180, whereas Figure 8 illustrates the arrangement for the non-driving end
402 of the rotating shaft 180. The relative radial position changes due to
operation conditions such as speed, temperature, outer-ring tilting angle, free-end
motion etc. The radial displacement parameter 146 is directly proportional to the
transmitted radial bearing force, which may be assessed by using a stiffness
matrix of the antifriction bearing 184, 404.

In an example embodiment illustrated in Figure 9, the one or more
capacitor electrodes 114A, 114B are configured and positioned in a housing 600
of the antifriction bearing 184, and the capacitive shaft displacement parameter
134 is measured between the rotating shaft 180 and the housing 600. Figure 9
illustrates this arrangement for the driving end 400 of the rotating shaft 180,
whereas Figure 10 illustrates the arrangement for the non-driving end 402 of the
rotating shaft 180.

The circuit board 120 may be placed in the front cover 700 or in the
housing 600. Furthermore, the circuit board 120 may be protected by a suitable
housing (made of metal, plastic, and/or composite), which may be waterproof
and/or dustproof. A suitable electric energy source, such as a mains connection or
a battery may be placed in the front cover 700 or housing 600 as well.

In an example embodiment illustrated in Figure 11, the one or more
capacitor electrodes 114 are configured and positioned (adjacent to the inner
race 504, for example) to measure two radial displacement components and one
axial displacement component as the capacitive shaft displacement parameter
134 utilizing a conical part 1100 of the electrically conducting part 182 of the
rotating shaft 180.

The conical part 1100 may be implemented by machining it into the
rotating shaft 100.

Thus, in addition to the radial displacement components, an axial
displacement component may be detected. This may give a better picture of

bearing behaviour in different operating conditions. In free-end, the relative axial
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displacement component indicates the motion of the antifriction bearing 404. By
combining axial displacement components of the both ends 400, 402, the
variation of the of the relative length of the rotating shaft 180 with respect to the
machine 186 frame may also be identified.

It will be obvious to a person skilled in the art that, as technology
advances, the inventive concept can be implemented in various ways. The
invention and its embodiments are not limited to the example embodiments

described above but may vary within the scope of the claims.
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CLAIMS

1. An arrangement (100) for monitoring an antifriction bearing of a
rotating shaft of a rotating electric machine comprising:

one or more capacitor electrodes (114) configured and positioned
adjacent to an antifriction bearing (184) of a rotating shaft (180) of a rotating
electric machine (186) to measure a capacitive shaft displacement parameter
(134) from an interaction with an electrically conducting part (182) of the
rotating shaft (180);

one or more of the following additional measurement sensors: a
microphone (118) configured and positioned adjacent to the antifriction bearing
(184) to measure sound waves caused by the antifriction bearing (184) as a
bearing noise parameter (138), a voltage sensor (116) configured to measure a
voltage difference between the rotating shaft (180) and a static part of the
rotating electric machine (186) as a bearing current parameter (136), and/or an
optical pyrometer (110) configured to measure a temperature of the rotating
shaft (180) as a shaft heat parameter (130); and

one or more processors (160) configured to evaluate (150) a condition
(152) of the antifriction bearing (184) based on the capacitive shaft displacement
parameter (134) and one or more of the following: the bearing noise parameter
(138), the bearing current parameter (136), and/or the shaft heat parameter
(130).

2. The arrangement of claim 1, further comprising an optical pulse
sensor (112) configured and positioned adjacent to the antifriction bearing (184)
to measure a rotation angle of the rotating shaft (180) as a shaft rotation angle
parameter (132), and the one or more processors (160) are further configured to
calculate (144) a radial displacement parameter (146) of the rotating shaft (180)
as a function of the rotation angle based on the shaft rotation angle parameter
(132) and the capacitive shaft displacement parameter (134), and the one or
more processors (160) are further configured to evaluate (150) the condition
(152) of the antifriction bearing (184) also based on the radial displacement
parameter (146) indicating bending of the rotating shaft (180).

3. The arrangement of claim 2, wherein the one or more processors
(160) are further configured to calculate (140) an integration of the rotation
angle as a function of time in order to get a rotation speed of the rotating shaft

(180) as a shaft speed parameter (142), and the one or more processors (160) are
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further configured to evaluate (150) the condition (152) of the antifriction
bearing (184) also based on the shaft speed parameter (142).

4. The arrangement of any preceding claim, wherein the one or more
capacitor electrodes (114) are configured and positioned to measure two radial
displacement components and one axial displacement component as the
capacitive shaft displacement parameter (134) utilizing a conical part (1100) of
the electrically conducting part (182) of the rotating shaft (180).

5. The arrangement of any preceding claim, wherein the one or more
capacitor electrodes (114) and the one or more additional measurement sensors
(110,112,116, 118) are placed on a circuit board (120), which is configured and
positioned adjacent to the antifriction bearing (184) and the rotating shaft (180).

6. The arrangement of claim 5, wherein the circuit board (120)
comprises an arched shape (200) configured and positioned adjacent to the
antifriction bearing (184) and dimensioned and configured to receive the
electrically conducting part (182) of the rotating shaft (180).

7. The arrangement of claim 6, wherein the arched shape (200)
comprises a partial circle of at least 90 degrees extending perpendicularly
through the circuit board (120) to receive the electrically conducting part (182)
of the rotating shaft (180).

8. The arrangement of claim 5 or 6 or 7, wherein the circuit board
(120) comprises two parts (1204, 120B), which are configured to be separable so
as to be placeable around the electrically conducting part (182) of the rotating
shaft (180) and attachable to each other thereafter.

9. The arrangement of any preceding claim, wherein the antifriction
bearing (184) comprises an inner race (504) to receive the rotating shaft (180),
and the one or more capacitor electrodes (114A, 114B) are configured and
positioned adjacent to the inner race (504).

10. The arrangement of any preceding claim, wherein the one or more
capacitor electrodes (1144, 114B) are configured and positioned in a front cover
(700) of the antifriction bearing (184), and the capacitive shaft displacement
parameter (134) is measured between the rotating shaft (180) and the front
cover (700).

11. The arrangement of any preceding claim, wherein the one or more
capacitor electrodes (114A, 114B) are configured and positioned in a housing
(600) of the antifriction bearing (184), and the capacitive shaft displacement
parameter (134) is measured between the rotating shaft (180) and the housing
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(600).

12. The arrangement of any preceding claim, further comprising a user
interface (162) configured to output the condition (152) of the antifriction
bearing (184).

13. The arrangement of any preceding claim, further comprising a data
communication interface (164) configured to communicate the condition (152) of
the antifriction bearing (184).

14. An installation (190) comprising the rotating electric machine
(186), the rotating shaft (180), the antifriction bearing (184) and the
arrangement (100) of any preceding claim 1 to 13.
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