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erator. A carbon brush may be slidingly disposed with the
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in which the brush holder is removable from the mounting ele-
ment and a locked position in which the brush holder is se-
cured relative to the mounting element. A circuit board is dis-
posed within the handle and includes a sensor that provides an
indication of an occurrence of an anomalous and/or threshold
condition of the carbon brush.
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BRUSH WEAR AND VIBRATION MONITORING

TECHNICAL FIELD

The disclosure generally relates to monitoring systems for monitoring one or
more components of an electrical device, such as an electrical generator. More
specifically, the disclosure relates to monitoring apparatus, assemblies, systems and
methods of monitoring one or more components of an electrical device, such as
monitoring the condition of a brush of a brush holder assembly of a dynamo-electric

machine.
BACKGROUND

A purpose of a brush in an electrical device is to pass electrical current from a
stationary contact to a moving contact surface, or vice versa. Brushes and brush holders
may be used in electrical devices such as electrical generators, electrical motors, and/or
slip ring assemblies, or sliding connection applications, for example, slip ring
assemblies on a rotating machine such as a rotating crane or a linear sliding connection
on a monorail. Brushes in many electrical devices are blocks or other structures made
of conductive material, such as graphite, carbon graphite, electrographite, metal
graphite, or the like, that are adapted for contact with a conductive surface or surfaces
to pass electrical current.

In some designs, a brush box type brush holder, or other type of brush holder,
may be used to support a brush in contact with a moving contact surface of an electrical
device during operation. The brush and brush box may be designed such that the brush
can slide within the brush box to provide for continuing contact between the brush and
the moving contact surface contacted by the brush. During operation an anomalous
and/or threshold condition may occur, which may be indicative that one or more
components of the electrical device may need to be replaced, one or more components

of the electrical device may require inspection or attention, and/or maintenance may
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need to be performed. For example, an anomalous and/or threshold condition may
mdicate that one or more of a brosh, brush holder, spring, shunt, commutator, collector
ring, and/or other component may need to be replaced, one or more of a brush, brush

holder, spring

toil

shunt, commutator, collector ring, and/ot other component may need to

(]

be mspected, and/or maintenance may need to be performed. It would be advantageous
to monitor cne or more components of an electrical device in order 1o observe the
oceurrence of an anomalous and/or threshold condition.  Furthermore, it would be
advantageous to alert an operator and/or technmician of the occurrence of an anomalouos

and/or threshold condition and/or schedule technician intervention.
10 SUMMARY

Some embodiments relate to an apparatus, assemblies, svstems and/or methods
for monitoring one or more components of an electrical device and/or detecting an

anomalous and/or threshold condition of a brash holder assembly.

Accordingly, one exemplary embodiment relates to a brush holder assembly
15 foruse in an glectrical generator meluding a moving conductive surface. The brush
holder assembly includes a brush holder that is configured to be removably mounted
to a mounting clement on the clectrical generator. A carbon brush s shidingly
disposed within the brush holder and is configured to be positioned in sliding contact

with the moviag conduactive surface. The brush holder assembly includes a handle

[
Pt

=

that 1s moveable between an unlocked postiion m which the brush holder is moveable
relative 1o the mounting ¢lement and a locked position 1 which the brush holder is
secured refative to the mounting element. A sensor is disposed within the handle that
is configured to detect an anomalous or threshold condition of the brush holder
assembly. In some instances, the sensor may be included with a circuit board

25 disposed within the handle.

Another illustrative embodimert is a system for detecting an anomalous or
threshold condition of each of a plurality of brush holder assemblies. The system
mclades a plurality of brush holder assemblies and a central monitoring station that 1s
wirelessly coupled to each of the phurality of brash holder assemblies. Each of'the

30 brush holder assemblies includes a brush holder that is configured to be removably
mounted to a mounting element on the clectrical generator and a carbon brush

slidingly disposed with the brush holder. A handle is coupled to the brush holder and
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a circutt board ts disposed within the handle, the cireuit board including a sensor that
is configured to detect an anomalous or threshold condition of the brush holder
assembly. Each of the brush holder assemblies mcludes a wireless communications
module operably coupled to the sensor. The system also meludes a central monitoring
system that 3 wirclessly coupled to each of the wireless communication modales

within gach of the phlurality of brush holder assemblies.

An dlustrative method for detecting an anomalous or threshold condition of
cach of a plurality of brush holder assemblies may include providing cach of a
plurality of brush holder asseniblies with a circuit board including a sensor that is
configured to detect a developing anomalous or threshold condition of the brush
holder assembly. The method mchudes receiving a signal from each of the plorality of
brush holder asserablies, the signal providing an mdication of predicting an
anomalous or threshold condition of the brush or other component associated with the
particelar one of the plarality of brush holder assemblics at a future time. An alert
may he sent out if one of the brushes has an indication justifyving replacement of the

brush.

The above summary of some example embodiments i1s not intended to describe

cach disclosed embodument or gvery implementation of the wvention.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in consideration of the
following detailed descrippion of varicus embodiments in connection with the

accompanying drawings, m which:

Figare 1 13 an illustrative schemauc view of an exemplary brush monitoning
Systent;

Figure 2 ts an iHustrative schematic view of an exemplary brush holder
assembly;

Figure 3 is an iHlustrative side view of an exemplary brush holder assembly in

alocked position, relative to a moving conductive surface;

Figure 4 is an dlustrative side view of the brush holder assembly of Figuare 3,

shown in an unlocked position;

[O8]
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Figure S 13 an illustrative perspective view of the brush holder of Figure 4,

with part of the handle shown in phantom © illustrate components within the handle;

Figure 6 is an illustrative perspective view of the brush holder of Figore 4,

with part of the handle shown in phantom to itlustrate components within the handle;

(4]

Figure 7 is an ilustrative perspective view of the brush holder assembly of

Figure 3, schematically illustrating possible sensor placement;

Figure 8 is an ilustrative perspective view of the brush holder assembly of

Figure 3, schematically illustrating possible sensor placement; and

Figure © is an illustrative perspective view of the brush holder assembly of

10 Figure 3, showing an upper surface of the carbon brush.

While the invention is amenable to vanous modifications and alternative forms,
specifics thereof have been shown by way of example mn the drawings and will be
described m detail. It should be understood, however, that the intention 1s not to limit
aspects of the invention to the particular embodiments described. On the contrary, the

15 mtention is to cover all modifications, equivalents, and aliernatives falling within the

spirit and scope of the mvention.
DETAILED DESCRIPTION

For the following defined terms, these definitions shall be applied, unless a

different definition 1s given in the clatms or elsewhere in this specification.

20 All mumeric values arc hercin assumed to be modified by the term “about”,
whether or not explicitly indicated. The term “about” generallv refers to a range of
minbers that one of skill in the art would consider equivalent to the recited value (ie.,
having the same fonction or result). In many instances, the term “about” may be

indicative as including numbers that are rounded to the nearest significant figuie.

]
A

The recitation of numerical ranges by endpoints includes all mumbers within

that range {¢.g., I to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5}.

As used i this specification and the appended claims, the singular forms “a”)
“an”, and “the” include plural referents unless the content clearly dictates otherwise.
As used i this specification and the appended claims, the term “or” s generally

30 emploved m its sense including “and/or” unless the content cleadly dictates otherwise,
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The following detailed description should be read with reference to the drawings
i which simifar elements in different drawings are numbered the same. The detailed
description and the drawings, which are not necessarily to scale, depict illustrative
embodiments and are not intended to limit the scope of the mvention. The illustrative
cmbodiments depicted are intended only as exemplary.  Selecied features of any
ilustrative embodiment mav be mcorporated into an additional embodiment unless

clearly stated to the comtrary,

Now referring to Figure 1, an illustrative svstem for monitoring a component of
an clectrical device and/or monitoring the condition of a brush of a brush holder
assembly 1s shown. As schematically dlustraicd 1o Figure 1, a monttoring svstom 10
may include a local monitoring component 12 and a remote monttonng site 14, While
a single local component 12 15 shown, it will be appreciated that 1 some nstances a
plurality of local components 12 may be in communication with and reporting brush
conditions and/or the condition of one or more other components of the brush holder
assembly back to the remote monitoring site 14, The local component 12, which may
for example represend a single electrical generator, or perhaps a single mstallation
having several distinet electrical generators, nclades a site monitor 16 and a phurality
of brash holder assemblhies 18, While a total of three brush holder assemblies 18 are
schematically illustrated, 1t will be appreciated that this is merely for ease of illustration.
In some mstances, for example, a single electrical generator may melude 12, 24, 36, 48
or more separate brush holder assemblies 18 arranged around a moving conductive

surface {¢ g, commutator}.

As can be scen, cach ot the brush holder assembhies 18 may be configured to
communicate wirelessly with the site momitor 16, Any suttable wirsless
communications protocol may be used, meluding but not luntted to WiF:, RFID,
Bluctooth and the bke.  Optionally, the communication between cach of the brush
holder assemblics 13 and the site monitor 16 may be via wired communication. In some
cases, each of the brush holder assemblies 18 may be configured to monitor some aspect
or teaturc of the brush holder assembly 18, For cxample, 1 some cases, cach of the
brugh holder assemblies 18 or at least some of the brush holder assemblies 18 may be
configured to monitor for anomalous or threshold conditions of the brush associated
with {¢ g, disposed within) the brush holder assembly. Each brush holder assembly 18

may, for example, periodically transout information to the site monitor 16 pertaming to

(¥4
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whether any anomalous or threshold condttions have been detected. In some cases,
cach brush holder assembly 18 may transout 10 accordance with a predeternuned or
user-selectable time frame. For example, periodic transmissions mav be penodically
transmitted every hour, once aday, etc. In some nstances, each brush holder assembly
15 may only transmit information if the information has changed since the last time #
was transmitted. This may. for example. reduce the power consumption of the brush

holder assembly 18

Asnoted, the local component 12 may be a single electrical generator or a group
of several elecirical generators.  Hach of several different electrical generators may
report brush condition information, mcluding any detected anomalous or threshold
conditions, to the site monitor 16. In tarmn, the site monitor 16 may transmit information
regarding the condition of one or more components of the brush holder assembly 18,
such as brush condition miormation, as well as other nformation if desived, to the
remote monitoring site 14, In some cases, for example, several electrical generators,
each representing a local component 12, may he located within a building. Each local
component 12, having its own site monitor 16, may transmit information to the remote
monitoring site 14, which may mn this case represent a mountioring system for the
ulding. In some cases, the local component 12 may represent a plarality of electrical
generators in a building, and the remote monitoring site 14 may receive information
from a plorality of different buildings. The remote monitoring site 14 may, for example,
receive monitoring information from a number of local components 12 within a

particular geographic region.

Thaus, as curmrently disclosed the momtoring system 10 may monttor the
condition of a brush or a plurality of brushes within a brush holder assembly and/or one
or more other components of an clectricity generating facility, for example. 1o some
embodiments, the monitoring system 10 may remotely and/or wirelessly monitor the
condition of a brush, a plarality of brushes and/or other components over a period of
time, and thus may detect a developing problem or cosndition and/or predict an
anomalous or threshold condition of a brush, a plurality of brushes and/or other
components at a future time. A processing or control center, such as a central control
center, may receive data from mudtiple facilities in order to monitor performance, such

as brush performance {¢.g., brush wear} at cach of the multiple facilities. The control
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center may be located remote from one or more electrical facilitics (e.g., in a different

building, facility, city, county, staie, country, €tc.}.

A processing unit, which may be located at the control center, may use a
software program and/or a monitor to analyze and/or monitor the performance of the
brushes and/or other components i operation at the faciiities, such as the current state
of each brush i operation and/or an anomalous and/or threshold condition of the
brashes. The software program or monitor may alert an operator, technician andfor
other personnel that a brush at one of the remote electrical facilities is sufficiently worn
and/or needs to be replaced, a brush at one of'the remote clectrical facilities is damaged.
fatlure has occurred or 1s imnunent, or other mamntenance may need to be performed.
In some embodiments, the software program, or a technician at the control center, may
schedule maintenance for one of the romote clectrical facilitics, send personnel to
perform mantenance at one of the remote clectrical facihitics, order and/or schedule
distribution/delivery of a replacement brosh or other part to one of the remote elecirical
faciities, route maintenance personne] and/or product delivery to a specified location,
such as one of the romote electrical facilities, or arrange for other notification and/or
scheduling tasks be performed at one of the remote electrical facilitics or another
focation. Thus, the monitoring system 10 may continuously monitor the state of brushes
and/or other components at a plurality of remote locations with or without direct buman
observation in order o alleviate the need of monitoring personnel at each remote
location until it 13 determmed that homan mtervention 18 nocessary to attend fo an

identified problem or matter.

Turning to Figare 2, features of the brush holder assembly 18 are schematically
ilustrated. The brush holder assembly 18 includes a nember of mechanical parts and
elements that arc not iHustrated m Figure 2. The brush holder assembly 18 includes a
circuit board 20 that may be physically located withim a handle (discussed with respect
to subsequent Figures) of the brush holder assembly 18 or at a different location and/or
m a different component, if desired. The circuit board 20 1ncludes a sensor 22 that may
be configured to detect an anomalous or threshold condition of a brush within the brush

holder assembly 18.

A varicty of difforent sensors 22 arc possible, as will be discussed. A wireless

communications module 24 1s operably coupled with the sensor 22 such that the
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wirgless commmumcations module 24 may output a signal received from the sensor 22
that 15 indicative of the condition of the lwush and/or other components of the brush
holder assembly 18. The circuit board 20 includes a power source 26 that is operably
coupled to and powering the sensor 22 and the wireless communications module 24, In
some cases, the power source 26 may be a battery. In some instances, the power aource
26 mav be an encrgy harvesting ¢lement such as a Hall sensor, and may include a
battery that is kept charged via the cnergy harvesting element. For example, illustrative
cnergy harvesting technologies may melude a kinetic {e.g., vibrabional) encrgy
harvester (¢.g., a piczoelectric vibration encrgy harvester, a magueto-inductive
vibration cnergy harvester, ctc.), a photovoltaie encrgy harvester capable of harvesting
energy ndoors and/or outdoors, a piezoelectric energy harvester, a thermal energy
harvester, a wind energy (e.g., nucroturbine} harvester, and/or an ambient radiation

{c.g. radio frequency) encrgy harvester.

In some cases, in addition to or instead of the power source 26, the brush holder
assembly 18 may melude one or more connectors and/or terminals capable of receiving
power from a scparate source. In such cases, the brush holder assembly 18 may be
configured to receive power from an exiemnal power source when the brush holder
assembly 18 18 mnstalled. For example, an electrical circut may be completed when the
brush holder assembly 18 is coupled to the mounting block 34 such that electrical power

may pass from a power source through the mounting block 34

The circuit board 20 also includes a processor or controlier 21, The controller
21 is powered by the power source 26, and is operably coupled to the sensor 22 and the
wireless communications module 24, The controller 21 may be configured to control
operation of the sensor 22, as well as to interpret the mformation provided by the sensor
22 to determine the condition of the brush of the brush holder assembly 18 For
example, if the sensor 22 1s a photo cell that 1s configured to detect arcing, the controller
21 may analyze a signal obtained from the photo cell, in order to determine whether
arcimg 18 occcurring.  1f the sensor 22 15 a mucrophone, the controller 21 may be
configured to analyze an olectrical signal from the microphone and determimne if there
are sounds present that mdicate arcing and/or abnormal vibration. Ifthe sensor 2245 a
fight soarce, for example, the controller 21 may be configured to analyze a time-of-
flight for light to leave the light source and be reflected back to a light-sensitive

recerver, and deternune a distance to the brush and thus an indication of brush wear.
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The distance the light must travel will vary as the brush wears, and thus the top surface
of the brush will move further from the hight source as the brush wears, resulting 1 a
longer distance and travel time for the hight. Sinularly, if the sensor 22 is an ultrasound

transducer, the controller 21 may be configured to analvze the time-of-flight for sound

(]

to travel from the ultrasound transducer and be reflected back to an sltrasound sensor
it order to determine a distance to the brush and thus an indication of brush wear. The
distance the sound must travel will varv as the brush wears, and thus the top surface of
the brush will move further from the ultrasound transducer as the brush wears, resulting
in a longer distance and travel time for the sound. Hthe sensor 22 is a magnetic sensor,
10 with a permanent magnet mounted relative to the brush, the controller 21 may be
configured to analvze a detected magnetic field strength in order to determine a distance
to the brash and thus an indication of brash wear as the magnet moves away from the

Magnetic Sensor.

Further features of the brush holder assembly 18 may be seen in Figures 3 and

15 4. Figure 3 shows the brush holder assembly 18 in its locked position while Figure 4
shows the brush holder assembly 18 m its unlocked position. The brush holder
assembly 18, for example, mav include a brush holder 30 such as a brush box
sarrounding a brush 32 on several sides and including a plorality of gunding sorfaces

for guiding linear or longitudinal movement of the brush 32, In some embodiments,

the brush holder 30 may nottake on the form of a box, but may nclude one or a plurality

)
-

of guiding surfaces, such as channcls, posts or columns, abutting and/or encompassing
ong or more sides of the brush 32 and/or extending into or through the brush 32, or a

portion thercof, for guiding lincar or longitudinal movement of the brush 32.

The brush holder 30 may be secured to a mounting beam 34 configured and

25 adapted to be mounted to another structure, such as a mounting block 42, The brush
holder assembly 18 1s configured to place the brush 32 w contact with a moving contact
surface 40, such as a conductive surface of a commutator or a collector ning, and
conduct current therefrom. The brush 32 mav extend from the lower edge of the brush

holder 30 such that a wear surface of the brush 32 engages the moving contact surface

13
pes

40. The mounting beam 34 may ionclude an over-center cngagement mechanism, a
slotted or channeled engagement mechanism for shiding engagement, or other
mechanisi for easily engaging and disengaging the brush 32 from a moving contact

surface 40, such as the conductive surface of a commutator or a collector ring without

R
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stopping the electrical generator. In other embodiments, the brush holder assembly may include
a brush holder rigidly mounted to another structure holding the brush holder stationary, or
mounted to another structure in any desired arrangement. For example, in some embodiments
the brush holder may be bolted or welded to a stationary structure. Some such brush holders are
disclosed in U.S. Patent Nos. 6,731,042; 5.,753,992; 5,621,262; 5,463,264; 5,397,952; and
5,256,925.

As shown in Figure 3, the mounting beam 34 may include an upper beam member 36
and a lower beam member 38 hingedly or pivotedly coupled to one another. When the upper
beam member 36 and the lower beam member 38 are aligned with one another (e.g., the
longitudinal axis of the upper beam member 36 is parallel with the longitudinal axis of the lower
beam member 28), the brush holder 18 may be considered to be in an engaged, or locked,
position such that the brush 32 may be contiguous with or in contact with the moving contact
surface 40. When the upper beam member 36 is tilted from the Jower beam member 38 (e.g.,
the longitudinal axis of the upper beam member 36 is oblique to the longitudinal axis of the
lower beam member 38), the brush holder 18 may be considered to be in a disengaged, or
unlocked, position such that the brush 32 may be non-contiguous with, spaced from, or
otherwise not in direct electrical contact with the moving contact surface 40. The mounting
beam 34 may be removably coupled to the mounting block 42 during operation. In some
embodiments, the mounting beam 34 may slidably engage with, interlock with, or otherwise be
removably coupled to the mounting block 42. The mounting block 42 may be coupled to,
secured to, or otherwise extend from another structure which maintains the mounting block 42
stationary with respect to the moving contact surface 40, for example.

In some embodiments, a handle 44 may be attached to the brush holder 30 to facilitate
engagement and disengagement of the brush 32 from the moving contact surface 40 without
stopping the electrical generator. For example, the handle 44 may be attached to the upper beam
member 36 such that movement of the handle 44 actuates (e.g., pivots, slides, releases) the upper
beam member 36 relative to the lower beam member 38. In some cases, as illustrated, the
handle 44 may be considered as including a lower portion 46, an upper portion 48 that is at least
substantially transverse to the lower portion 46, and an intervening finger ring 50 that 1s

configured to facilitate movement of the handle 44. Other handle designs are contemplated.

10

CA 2985094 2018-12-19
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Also illustrated in Figure 3 is a brush spring 52, such as a constant force spring, which
provides tension to the brush 32 to bias the brush 32 toward and in contact with the moving
contact surface 40. The spring 52 may be attached to a portion of the brush holder 30 or the
mounting beam 34 of the brush holder assembly 18, for example. In some embodiments, the
spring 52 may extend along one side surface of the brush 32 between the brush 32 and the brush
box and/or mounting beam 34 of the brush holder assembly 18. Electrical leads 54 (one is
visible in this view) extend from the brush 32 and are guided at least in part by a lead guide 56
that is disposed above the brush 32 and in some cases moves vertically with the brush 32 as the
brush 32 moves in accordance with wear. The brush 32 is biased to move towards the moving
contact surface 40 by the spring 52.

In some embodiments, at least some features of the brush holder assembly 18 may
substantially resemble a brush holder assembly as described in U.S. Patent Application No.
10/322,957, entitled “Brush Holder Apparatus, Brush Assembly, and Method”. However, the
illustrative monitoring system 10 may be amenable to any of various electrical devices and/or
brush holder assembly configurations of an electrical device, such as an industrial electrical
generator. For example, the disclosed monitoring system 10 may be used with brush holder
assemblies, brush holders and/or brushes disclosed in U.S. Patent Nos. 6,731,042; 5,753,992;
5,621,262; 5,463,264; 5,397,952; and 5,256,925.

As schematically shown in Figure 2, the brush holder assembly 18 may include a circuit
board 20 including onc or morc of a controller 21, a sensor 22, a wireless communications
module 24 and a power source 26. The circuit board 20 may be disposed at any desired or
practical location on or within the brush holder assembly 18. In some embodiments, the circuit
board 20 may be disposed within the handle 44. Figures 5 and 6 are views of the brush holder
assembly 18 in which outer portions of the handle 44 have been removed or otherwise made
invisible such that a first circuit board 60 may be seen as being disposed within the lower
portion 46 of the handle 44 and a second circuit board 62 may be seen as being disposed within
the upper portion 48 of the handle 44. In some cases, the first circuit board 60 and the second
circuit board 62 are electrically coupled to each other. In some cases, the brush holder assembly

18 may include only one of the first circuit board 60 and the second circuit

11
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board 62. It will be appreciated that in some cases, the sensor 22 may be disposed on

the first circuit board 60.

Turming to Figure 7, in some embodiments the brush holder assembly 18 may

be considered as mehuding an optical device 64, such as a photo cell or digital camera.

wn

The optical device 64 may be operably coupled to the first circuit board 60 andfor the
second circuit board 62, and may in some cases be aimed at a location just forward of
the brush box 30, such as a location within § mches, within 4 inches, within 3 inches,
within 2 mches, or within | inch of the brush box 30 and/or brush 32, such that the
optical device 64 can sce the moving contact surface 40 (Figure 3). In some cases, the
10 controller 21 (Figure 2) may analvze a signal provided by the optical device 64 to look

for indications of arcing or other potentally destructive processes.
In some nstances the optical device 64 may be an imaging device configured
to capture an analog and/or digital image of ong or more components of the electrical

evice. For instance, the imaging device may capture an image of the moving contact

15 surface 40 (c.g., the conuautator or collector ring) of the electrical device and/or a brush
32 of a brush holder assembly 18, or another component of the clectrical device. In
some embodiments, at a temporal cocasion the imaging device may capture images of
the moving contact surface 40 at about onc-half inch incroments, about [ inch
merements, about 2 nch mcerements, about 3 mch increments, or about 4 inch

20 mcrements around the circumference of the moving contact surface 40, for example.

The tmage may be a black-and-white image, a gray scale image, a color image. or a

thermograph {e.g., an image depicting levels of emitted radiation), for example.

In one embodiment, the imaging device, which may detect energy in the visible

light spectrum, may gencrate a data signal which may be processed and/or may be

25 converted into an 1mage. With such an imaging device, evaluation of the coloration
{c.g., discoloration) of the moving contact surface 40, or other component of the
clectrical device may be performed in order to determine a condition of a brush 32 of a
brush holder assembly 18, a collector ring or comumutator, or other component of an
glectrical device. For instance, the imaging device mav be used to identify abnormal

3G coloration of the moving contact surface 40,

During nommnal operating conditions the moving contact serface 40 may exubit

normal coloration. In many applications, normal coloration of the moving contact

i2
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surface 40 may be a shade of gray, for example. During operation, the coloration of
the moving contact surface 40 may change, which may be indicative of a threshold
and/or anomalous condition of the brush 32 of the brush holder assemably 18, Such a
threshold and/or anomalous condition of the brush 32 may include incidents of irregular
wear, binding, arcing, burning, etching, or the like. Thus, processing and/or evaluation
of a signal generated by the imaging device may be used to determine whether a

threshold and/or anomalous condition of the brush 32 or other component has occurred.

Thus, inittally, the moving contact surface 40 may be identified as having a
first color, shade or intensity of coloration. At a subseguent time, the moving contact
surface may be identified as having a second color, shade or mtensity of coloration
different from the first color, shade or intensity of coloration. In some circumstances,
the second color, shade or intensity of coloration may be less than the first color, shade
or intensity of coloration. However, m other circumstances, the second color, shade or
intensity of coloration may be greater than the first color, shade or mtensity of
coloration.  For instance, lightening 10 color, shade or intensity of coloration of the
moving contact surface 40 may be an mdication of arcing, causing burnmg and/or
ctching of the moving contact surface 40, For example, m applications where normal
coloration of the moving contact surface 40 may be a shade of gray, a threshold or
anomalous condition may be identified when the coloration of the moving contact

surface 40 changes to another shade of gray, such as a lighter or darker shade of gray.

in another embodiment, the imaging device, which may detect energy in the
infrared spectnnm, may generate a data signal which may be processed and/or may be
converted mto a thermal unage. All objects emut radiation and the level of radiation
emitted by an object increases with temperatare. Therefore, an infrared camera or other
thermal imaging device may be used tn order to detect variations and/or changes in
temperature of a component of an electrical device, such as the moving contact surface

40 of an electrical device and/or the brush 32 of a brush holder assembly 13,

During novmal operating conditions, the moving comtact surface 40 and/or the
brugh 32 of the brush holder assembly 18 may emit a given level of radiation, which
may be described as a normal level of radiation. The level of emiited radiation may be
depicted with a thermograph {¢.g. a thermal image) through color, shade or intensity of

i

the illustrated component. During operation, the level of radiation emitted by the
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moving contact surface 40 and/or the brush 32 of a brush holder assembly 18 may
mcrease, indicating an increase @ temperature of the moving contact surface 40 and/or
the brush 32 of a brush holder assembly 18, Increased temperature of the moving
contact surface 40 and/or the brush 32 of a brush holder assembly 18 may be indicative

5
3

of a threshold and/or anomalous condition of the brush 32 or other component of the
brush holder assembly 18. Such a threshold and/or anomalous condition of the brush
32 may include incidents of irregular wear, binding, arcing, vibration, buming, ctching,
or the like. Thus, processing and/or cvaluation of a signal gencrated by the imaging
device 64 may be used to determine whether a threshold and/or anomalous condition

of the brush 32 or other component has occurred.

For instance, during normal operating conditions, the moving contact surface
40 and/or the brush 32 of a brush holder assembly 18 may typically have a swiface
temperature n the range of about 130 °F to about 250 °F, or n the range of about 180
°F 1o about 200 °F. Thus, a thermal image of the moving contact surface 40 and/or the
brash 32 of a brush holder assembly 18 may visually depict the teraperature (ie. the
level of emitied radiation) of a component of the electrical device with color, shade or
miensity. As the temperature of the moving contact surface 40 and/or the brush 32 of
a brash holder assembly 18 mereases, the color, shade or intensity illustrative of the
temperature changes accordingly. Thus, variations i the level of emitted radiation
correspondmg to increased or decreased temperature of a component of the electrical
device may be wdentified through cvaluation of successive thormal images showing
varving levels of color, shade or intensity of a component of an electrical device, such
as the moving contact surface 40 and/or the brush 32 of a brush holder asscmbly 18,
For mstance, one level of color, shade or intensity gradation of a thermal image may
represent a temperature variation of about 1 °F, about 2 °F, about 5 °F, about 10 °F, or
about 20 °F of the monitored component. Thus, the temperatire of a monitored
component may be determined through evaluation of a thermal image where the
temperature associated with a given level of color, shade or mtensity is known or
approximated.

Processing and/or evaluation of the signal by the controller 21 may include an
image analbysis technigue, such as a pixel-by-pixel comparison or visual chservation,
for example. However, other techniques may be used in processing and/or ¢valuation

of data acquired. Pixel-by-pixel comparison mvolves comparing a first digital image

14



CA 02985094 2017-11-03

WO 2016/196484 PCT/US2016/035051

13
=

(]

W

with a second, or subscquent, digital image. It is noted that in using the terms “first”
and “second”, the terms are ntended to denote the relative temporal relationship of the
images only. An algorithm, for example, may be used to svstomatically compare data
denoting pixels of one digital image with data denoting pixels of a second digital image.
A pixel is the smallest independent part of a digital image and may have the propertics
of color, shade and/or mtensity. The resolution of the digital image is determined by
the quantity of pixels creating the digital image (e.g., the greater the number of pixels,
the greater the resolation of the digital 1mage). A digital image 1s charactenized as an
array of pixels. The digital image may be divided into any sized array and may be
dictated by the quality of imagmg coupment and/or memory available. For example,
the digital image may be an 800 x 600, 1024 x 768, or 1600 x 1200 array of pixels.
Each pixel is identified by an mteger denoting the value (e.g., color, shade and/or
intensity) of the individual pixel. For example, each pixel may be specified by a “0" or
a “17 denoting black or white respectively: or an integer between 0 and 2355 dencting
236 shades of grey; or three integers between 0 and 253 each denoting a red, blue and
green component, respectively with 256 levels for cach component; or an mteger
between 0 and 1023 denoting 1024 infra-red levels, or other identifiable values. Thus,
the color, shade and/or intensity of each pixel may be denoted by a representative
nteger. It may be understood that the digital wentification of cach pixel may be

determined by the number of bits available for data regarding each pixel.

The controller 21 may be able to cvaluate the pixels of the digital images
acquired to determine if an anomalous and/or thresheld condition exists. In some
embodiments, the controller 21 recognizes the known value of pixels representing the
normal coloration or the normal level of emitted radiation of a component of the
glectrical device. Thus, evaluation of the digital tmages may mvolve assessing the
value of pixels of the digital bmages at a given time with known values corresponding
to normal coloration or level emitied radiation of a component of the electrical device.
If discoloration or abnormal coloring or increased levels of emutted radiation is
determmed, proper potification may be performed.

i

In some embodiments, the optical device 64 may be configured to detect
wavelengths of light that are dicative of arcing, and to not sec other wavelengths of
fight. If the optical device 64 is blind to wavelengths of light that are not indicative of

arcing, any light registered by the optical device 64 18 presumably indicative of arcing,
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and thus the optical device 64 may be able to provide a simple binary response of yes,
arcing; of no, no arcing based simply on whether any light incident on the optical device

64 triggers the optical device 64,

I some embodiments, the optical device 64 may instead be aimed at a point on
an upper surface of the brush 32, or perhaps a powt on the lead guide 56 or other
component moving with the brush 32, As noted above, the lead gwide 56 may be
operably coupled to the brush 32, and thus may move vertically downward with the
brush 32 {and thus toward the moving conductive surface 40) as the brush 32 moves
downward with increasing brush wear as a result of the biasing force applied by the
spring 52. In some cases, the optical device 64 may be tightly focused on a small pont,
providing an image with a limited nurnber of pixels. Ifthe distance between the optical
device 64 and the focal point increases, the number of pixels within the tightly focused
region will actually decrcase. Thus, a change in the number of visible pixels may
indicate an increase in distance. Since the brush 32 moves downward (in the illustrated
orientation} in response to brush wear, an increasing distance (indicated by a reduction

n visible pixels) may provide an indication of brush wear.

In some instances, such as illustrated in Figure 8, the sensor 22 may actuaily
include a scurce clement 66 and a recciver clement 68. For example, the source clement
66 may be a laser beam or other light source, and the receiver element 68 may be
photosensitive. A light beam (such as a laser beam) may be provided by the source
clement 66, which may be positioned such the light contacts and is reflected by either
a top surface of the brush 32, or perhaps the lead guide 36 or other component moving
with the brush 32, and 13 then detected by the recciver clement 68, By a simple
calculation of distance equals rate times time, and given that the speed of transmission
{of hight, 1n this case) 15 known, and constant, the controller 21 can determine a distance

to the brush 32 based upon the time-of-flight of the light beam.

In some cases, the source ¢lement 66 may be an ultrasonic transducer, and the
receiver element 68 may be an ultrasonic receiver, A sound wave (such as an ultrasonic
sound wave) may be provided by the source element 66, which may be positioned such
the sound wave contacts and is reflected by either a top surface of the brush 32, or
perhaps the lead guide 56 or other component moving with the brush 32, and is then

detected by the receiver element 68. By a simple calenlation of distance equals rate
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times time, and given that the speed of transmission {of sound, in this case) is known,
and substantially constant at a given altitade and temperature, the controller 21 can

determing a distance to the brush 32 based upon the time-of-flight of the sound wave.

i

=
ma

1 some cmbodiments, the seasor 22 may be a magnetic sensor, with a
permanent magnet secured relative to the brash 32 or the lead guide 536 Figure 9
flustrates a permanent magnet 70 that has been secored to a top surface of the brush
32. In some cases, the permanent magnet 70 may, for example, be adhesively secured
to the brush 32, or perhaps the lead guide 36 or other component moving with the brash
32, Itwill be appreciated that changes in distance between the magnetic sensor 22 and
the permanent magunet 70 will be reflected in the relative strength of the detected
magnetic field. Accordingly, if the detected magnetic field decreases in strength, the
controdler 21 may determine that the distance to the brush 32 has increased as a result

of brush wear.

In some cases, the brush holder assembly 18 may include a user mterface 72,
which 1s schematically illustrated 10 Figure 9. For example, the user nterface 72 may
be a light such as an LED that can have a first appearance mdicating that no problems
have been detected by the controlier 21 {e.g.. the brush holder assembly 18 is
functioning i a normal statc) and a sccond appcarance different from the first
appearance that indicates that a problem has been detected {(e.g., the brush holder
assernbly 18 15 functioning i an abpormal state and/or a threshold or anomaloos
condition has been detected). In some embodiments, green may indicate an absence of
problems, vellow may indicate an approaching problem, and red may indicate a serious
or immediate problem. In some mstances, particularly if power consumption is a
concern, an untit or dark kght may mdicate an absence of problems, and a it light {of
whatever color) mayv be an indication that a problem has been detected. In some cases,
the user interface 72 may mstead provide an auditory signal, particularly if a serious or

immediate problem has been detected by the controller 21.

In some cases, the brush holder assembly 18 may mclude a thermal sensor 74.
The thermal sensor 74 may be disposed at any convenient location on the brush holder
assembly 13, but in some cases as schematically illestrated the thermal sensor 74 may
be disposed on the mounting beam 34, The thermal sensor 74 may bo any suutable

temperature sensor, including but not hmited to a thermmustor or a bimetal teroperature
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sensor. The thermal sensor 74 may be operably coupled to the controller 21 (Figure 2},
and may provide an clectrical signal indicative of a temperature of a component of the
brush holder assembly 18, It will be appreciated that the temperature of the component
of the brush holder assernbly 18 may be considered to be at least somewhat proportional
to the power levels being captured by the brush 32, I the component of a particular
brush holder assembly 18 has a temperature that is significantly different from that of
a like component of one or more neighboring brush holder assemblies 18, the controlier

21 will recognize that a problem potentially exists.

In some instances, each of a plurality of brush holder assemblics 18 may include

a thermal sensor 74 such that an indication of tompemture of a component of cach of
the phurality of brosh holder assemblies 18 may be obtained simaultanecusly. For
mstance, cach brush holder asscobly 18 of a plurality of brush holder assemblies 18
mounied on an electrical generator or other dynamo-electric machine may mclude a
temperature sensor for measuring a temperature of the brush, a lead extending from the
brash, a terminal, or other component of the brush holder assembly 18, Accordingly,
the thermal sensors of cach of the brush holder assemblies 18 may simultancously
measure the temperature of the component {(e.g., the brush, a lead extending from the
brush, a terminal, etc.} of the associated brush holder assembly 18 which can be
compared with one ancother. At any particular point in time, the power levels passing
through each of the brushes 32 will gencrally be about the same. If one of the brushes
2 mdicates a significant diffcrence n power fevel passing through the brash 32, as
mdicated by a temperature difference between the fike componeant of other brush holder

assemblics 18 being montfored, this mav be an indication that a problem exists.

In some ¢ases. an amperage mater may be operably coupled to a component of
each of the plurality of brush holder assemblies 18 in order to obtain a more direct
mdication of relative power levels between adjacent brushes 32, For mstance, each
brash holder assembly 18 of a plurality of brush holder assemblies 18 mounted on an
clectrival generator or other dynamo-clectric machine may inchude an amperage meter
for measuring an electrical current passing through the brush, a lead extending from the
brush, a terminal, or other component of the brush holder assembly 18, Accordingly,
the amperage meter of each of the brush holder assemblies 18 may simultancously
measure the current passing through the compongent {e.g., the brush, a lead extending

from the brush, a terminal, ¢te.) of the associated brush holder assembly 18 which can
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be compared with one ancther. At any particular point in time, the power levels passing
through each of the brushes 32 will generally be about the same  If one of the brushes
32 indicates a significant difference in power level passing through the brush 32, as
mdicated by an amperage difference between the like component of other brush holder

assemblics 18 being monitored, this may be an indication that a problem exists.

In some instances, a brush 32 having a relatively lower temperature, or a
reduced amperage flowing through the brush 32, may indicate for example that the
brash 32 is making poor contact with the moving contact surface 40, In some cases, a
brush 32 having a relatively higher temperature may be indicative of a threshold and/or
anomalous condition of the brush 32 or other component of the brush holder assembly
18, including but not limited to trregular wear, binding, arcing, vibration, burning,
ctching, or the like. In some cascs, a temperature between a portion of the brush 32,
such as the brush contact face frictionally contacting the moving conductive surface 40
of the associated brush holder assembly 18 can be compared with the temperature
between a portion of a brash of one or more additional brush holder assemblies 18, such
as the brush contact face frictionally contacting the moving conductive surface 40, and
the temperature difference may be used to determine if a problem exasts. Sinularly, the
temperature difference between the tenminals of two or more brush holder assemblies
18 may be used to determune if a problem exists. The degree of temperature difference
may indicate a potential threshold and/or anomalous condition of the brush 32 or other

component of the brush holder assembly 18,

Those skilled in the art will recognize that the present mvention may be
manifested in a variety of forms other than the specific embodiments described and
contemplated herein. Accordingly, departure in form and detail may be made without
departing from the scope and spinit of the present invention as described in the appended

clams.
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What is claimed is:

1. A brush holder assembly for use in an electrical generator including a moving
conductive surface, the brush holder assembly comprising:

a brush holder configured to be removably mounted to a mounting element on the
electrical generator;

a carbon brush slidingly disposed within the brush holder, the carbon brush configured to
be positioned in contact with the moving conductive surface;

a handle moveable between an unlocked position in which the brush holder is removable
from the mounting element and a locked position in which the brush holder is secured relative to
the mounting element; and

a sensor disposed in the handle that is configured to detect an anomalous or threshold

condition of the brush holder assembly.

2. The brush holder assembly of claim 1, wherein the sensor that is configured to
detect an anomalous or threshold condition of the brush holder assembly comprises a photo cell
that is disposed within a lower surface of the handle, such that the photo cell is configured to be
aimed at a location on the moving conductive surface adjacent the carbon brush in order to detect

arcing between the carbon brush and the moving conductive surface.

3. The brush holder assembly of claim 2, wherein the photo cell is tuned to a light

spectrum that is indicative of arcing.

4, The brush holder assembly of claim 1, wherein the sensor comprises a
microphone, and the handle includes a circuit board including a controller that is configured to
receive an electrical signal from the microphone and listen for sounds indicating arcing between

the carbon brush and the moving conductive surface.

5. The brush holder assembly of claim 1, wherein the sensor comprises a laser beam
source and a light-sensitive receiver positioned to receive light from the laser beam source that is

reflected from a component of the brush holder assembly movable relative to the brush holder.
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6. The brush holder assembly of claim 5, wherein the handle includes a circuit board
including a controller that is configured to calculate an elapsed time from when the laser beam
source provides a light to when the light-sensitive receiver receives the light, and thus determine

a distance traveled by the light to provide a measurement of wear of the carbon brush.

7. The brush holder assembly of claim 1, wherein the sensor comprises an ultrasonic
transducer and an ultrasonic receiver positioned to receive sound from the ultrasonic transducer
that is reflected from a component of the brush holder assembly movable relative to the brush

holder.

8. The brush holder assembly of claim 7, wherein the handle includes a circuit board
including a controller that is configured to calculate an elapsed time from when the ultrasonic
transducer provides a sound to when the ultrasonic receiver receives the sound, and thus
determine a distance traveled by the sound to provide a measurement of wear of the carbon

brush.

9. The brush holder assembly of claim 1, wherein the sensor comprises a magnetic
sensor, and a permanent magnet is secured relative to the carbon brush to follow movement of
the carbon brush, the magnetic sensor outputting a signal that is indicative of detected magnetic

field strength.

10. The brush holder assembly of claim 9, wherein the handle includes a circuit board
including a controller that is configured to determine a distance to the carbon brush, as indicated
by the relative position of the permanent magnet to the magnetic sensor, from the outputted

signal indicative of detected magnetic field strength.
11. The brush holder assembly of claim 1, further comprising a current meter

configured to output a signal indicative of electrical current passing through one or more

electrical leads extending from the carbon brush.
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12. The brush holder assembly of claim 1, further comprising a temperature sensor
configured to output a signal indicative of temperature of one or more electrical leads extending
from the carbon brush, the outputted signal indicative of a level of electrical current being
collected by the carbon brush and output through the one or more electrical leads extending from

the carbon brush.

13. The brush holder assembly of claim 1, further comprising a visual and/or audible

indicator disposed on the brush holder assembly and operably coupled to the sensor.
14. The brush holder assembly of claim 13, wherein the visual and/or audible
indicator has a first state indicating that no problems have been detected and a second state

indicating that a problem has been detected.

15. The brush holder assembly of claim 1, further comprising a circuit board, with the

sensor operably coupled to the circuit board.

16. The brush holder assembly of claim 15, further comprising a battery operably

coupled to the circuit board in order to power the circuit board.
17.  The brush holder assembly of claim 15, further comprising an energy harvesting
mechanism configured to draw sufficient energy from electricity collected by the carbon brush in

order to power the circuit board.

18.  The brush holder assembly of claim 17, wherein the energy harvesting mechanism

comprises a Hall Effect sensor.

19. The brush holder assembly of claim 15, further comprising a wireless

communications module disposed on the circuit board and operably coupled to the sensor.
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20.  The brush holder assembly of claim 1, wherein the handle comprises a planar
lower portion, an upper portion transverse to the planar lower portion, and an intervening finger

ring configured to facilitate movement of the handle.

21. A system for detecting an anomalous or threshold condition of a brush holder
assembly of each of a plurality of brush holder assemblies of an electrical device, the system
comprising:

a plurality of brush holder assemblies, each brush holder assembly comprising:

a brush holder configured to be removably mounted to a mounting element on the
electrical generator while the generator is in operation;

a carbon brush slidingly disposed within the brush holder;

a handle coupled to the brush holder;

a sensor disposed within the handle, the sensor being configured to detect an
anomalous or threshold condition of the brush holder assembly; and

a wireless communications module operably coupled to the sensor; and

a central monitoring station wirelessly coupled to each of the wireless communications

modules within the handle of each of the plurality of brush holder assemblies.

22. The system of claim 21, wherein the sensor comprises a photo cell aimed at a
location on a moving conductive surface adjacent the carbon brush in order to detect arcing

between the carbon brush and the moving conductive surface.

23.  The system of claim 21, wherein the sensor comprises a microphone that is
configured to listen for sounds indicating arcing between the carbon brush and a moving

conductive surface.

24, The system of claim 21, wherein the sensor comprises a light source and a light-
sensitive receiver positioned to receive light from the light source that is reflected by a top
surface of the carbon brush and/or by a lead guide disposed above the carbon brush and
configured to direct electrical leads extending from the carbon brush, where an elapsed time

from when the light source provides the light to when the light-sensitive receiver receives the
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reflected light determines a distance traveled by the carbon brush to provide a measurement of

wear of the carbon brush.

25. The system of claim 21, wherein the sensor comprises an ultrasonic transducer
and an ultrasonic receiver positioned to receive sound from the ultrasonic transducer that is
reflected by a top surface of the carbon brush, where an elapsed time from when the ultrasonic
transducer provides a sound to when the ultrasonic receiver receives the reflected sound
determines a distance traveled by the carbon brush to provide a measurement of wear of the

carbon brush.

26. The system of claim 21, wherein the sensor comprises a magnetic sensor
configured to detect a magnetic field strength from a permanent magnet secured relative to the
carbon brush, where the detected magnetic field strength determines a distance to the carbon

brush.

27. The system of claim 21, wherein the sensor comprises a temperature sensor
configured to output a signal indicative of temperature of the brush assembly, where the
outputted signal indicative of temperature is proportional to a level of power being carried by the

carbon brush and through electrical leads extending from the carbon brush.

28. The system of claim 21, wherein at least some of the plurality of brush holder
assemblies further comprise a current meter configured to output a signal indicative of electrical
current passing through one or more electrical leads extending from at least some of the carbon

brushes.

29. A method for detecting an anomalous or threshold condition of each of a plurality
of brush holder assemblies, the method comprising:

providing each of a plurality of brush holder assemblies with a sensor that is configured
to detect a developing anomalous or threshold condition of the brush holder assembly, each

brush holder assembly comprising:
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a brush holder configured to be removably mounted to a mounting element on an
electrical generator;
a brush slidingly disposed within the brush holder; and
a handle moveable between an unlocked position in which the brush holder is
removable from the mounting element and a locked position in which the brush holder is
secured relative to the mounting element;
the sensor being disposed within the handle;
receiving a signal from each of the plurality of brush holder assemblies, the signal
providing an indication of predicting an anomalous or threshold condition of the brush associated
with the particular one of the plurality of brush holder assemblies at a future time; and
sending out an alert if one of the brushes has an indication justifying replacement of the

brush.

30.  The method of claim 29, wherein receiving a signal from each of the plurality of
brush holder assemblies comprises wirelessly receiving a signal, at a monitoring station, from

each of the plurality of brush holder assemblies.

31. The method of claim 29, wherein sending out an alert comprises a visual signal.

32. The method of claim 29, wherein sending out an alert comprises an auditory
signal.

33.  The system of claim 21, each brush holder assembly further comprising a circuit

board disposed within its handle, the circuit board being in electrical communication with the

Sensor.
34, The method of claim 29, wherein each of the plurality of brush holder assemblies

includes a circuit board disposed within its handle, the circuit board being in electrical

communication with the sensor.
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