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(57) Abrege/Abstract:
A brush holder assembly of an electrical device Is disclosed. The brush holder assembly includes a brush holder, a spring clip

removable from the brush holder, a spring detachably coupled to the spring clip, and a spring retainer for retaining the spring on the
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(57) Abrege(suite)/Abstract(continued):

spring clip. The spring clip Is slidably disposed In channels of the brush holder. The detachable spring includes an end region
extending around the end of the spring clip such that a first portion of the spring Is facing a first side of the spring clip and a second
portion of the spring Is facing a second side of the spring clip. The spring retainer extends around the end of the spring clip over the
end region of the spring.



Abstract

A brush holder assembly of an electrical device 1s disclosed. The brush holder
assembly includes a brush holder, a spring clip removable from the brush holder, a spring
detachably coupled to the spring clip, and a spring retainer for retaining the spring on the
spring clip. The spring clip is slidably disposed in channels of the brush holder. The
detachable spring includes an end region extending around the end of the spring clip such
that a first portion of the spring is facing a first side of the spring clip and a second portion ot
the spring 1s facing a second side ot the Spring clip. The spring retainer extends around the

end of the spring clip over the end region of the spring.
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BRUSH HOLDER ASSEMBLY WITH SPRING CLIP

Technical Field

Thc disclosurc gencrally relates to brush holder assemblics that may be uscd 1n
clectrical devices and/or slip ring assemblies. More specifically, the disclosure relates
to brush holder assemblies including a spring which 1s removable from a spring clip

of a brush holder.
Background

A purpose of a brush 1n an electrical device 1s to pass electrical current from a
stationary contact to a moving contact surface, or vice versa. Brushes and brush
holdcrs 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, a wind turbine or a
lincar shiding conncction on a monorail. Brushes in many eclectrical devices are
blocks or other structurcs made of conductive material, such as graphitc, carbon
graphite, electrographite, metal graphite, or the like, that are adapted for contact with
a conductive surfacc or surfaces to pass electrical current.

In some designs, a box type brush holder is used to support the brush during
opcration. Thc brush and box arc dcsigned such that the brush can shide within the
box to providc for continuing contact between the brush and the conductive surface
contacted by the brush. Typically a spring, such as a constant forcc spring, prcsscs
against the upper surface of the brush to maintain contact between the lower surface
of the brush and the conductive surfacc. Such springs arc conventionally fixedly
attached to a spring clip or a portion of the brush box such as with a rivet, weld or
soldcr, thus not rcadily replaccable.

During the duration of operation of the electrical device, the brush will be
reduced in size, or get shorter (1.¢., diminish 1n longitudinal lcngth), for cxamplc, as
the wear surface of the brush in frictional sliding contact with the conductive surface
wears down. Once a brush has worn beyond a threshold amount, the brush and/or

othcr components may nced to be replaced and/or maintenance may nced to be

pertormed.
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A number of different brushes and brush holder structures, assemblies, and
mcthods arc known, cach having ccrtain advantages and disadvantages. However,

there 18 an ongoing need to provide alternatives.

Summary

The disclosurc 1s dirccted to scveral alternative designs, matcrials and methods
of manufacturing and use of brush holder device structures and assemblies in
clectrical applications.

Accordingly, one tllustrative embodiment 1s a brush holder assembly including
a brush holder configured for guiding a brush into contact with a moving surface, a

spring clip rcmovablc from the brush holder, a spring dctachably coupled to the spring

‘clip, and a spring rctaincr for rctaining the spring on the spring clip. The dctachablc

spring includes an end rcgion cxtending around an cnd of the spring clip such that a
first portion of the spring 1s facing a first surface of the spring clip and a second
portion of thc spring 1s facing a second surface of the spring clip. The spring rctainer
extends around the end of thc spring clip over the end rcgion of the spring. The
spring retainer includes a first portion cxtending over the first portion of the spring
and a sccond portion cxtending over the sccond portion of the spring.

Another 1llustrative embodiment 1s a brush holder assembly of an electrical
device. The brush holder assembly includes a brush holder configured for guiding a
brush into contact with a moving surface, a spring clip, and a spring. Thc brush
holder includes a first arcuate channel and a second arcuate channel. The spring clip
1s rcmovably coupled to the brush holder. The spring clip includes a first edge
slidably disposed in the first arcuate channcl of the brush holder and a second edgc
slidably disposcd in thc sccond arcuatc channcel of the brush holder. The spring 1s
coupled to the spring clip.

Yet another 1llustrative embodiment 1s a brush holder assecmbly of an clectrical
device. The brush holder assembly includes a brush holder mountable to a basc
mcmbcer of the clectrical device. The combination of a plurality of surfaces of the
brush holder and a surface of the basc member define an opening configurcd for the
placement of a brush therein, wherein the opening has a first side defined by the
surface of the base member and a plurality of additional sides defined by the plurality

of surfaccs of the brush holder.
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Yet another illustrative embodiment is a brush holder assembly of an electrical
device. The brush holder assembly includes a brush holder mountable to a stationary
member, the brush holder configured for guiding a brush into contact with a moving
surtace; a spring clip coupled to the brush holder; and a spring detachably coupled to the
spring clip. The spring clip includes a main body portion having a first side; a second side
opposite the first side; and a tongue extending from the main body portion. The spring is
configured to press against a brush to urge the brush into sliding contact with the moving
surface. The spring includes a first side, a second side and an end region including a hole
extending through the spring from the first side to the second side. The second side of the
spring faces the first side of the main body portion of the spring clip and the tongue extends
into the hole of the spring.

Yet another illustrative embodiment 1s a brush holder assembly of an electrical
device. The brush holder assembly includes a brush holder mountable to a stationary
member, the brush holder configured for guiding a brush into contact with a moving
surface; a spring clip coupled to the brush holder; and a spring detachably coupled to the
spring clip. The spring is configured to press against a brush to urge the brush into sliding
contact with the moving surface. The spring clip includes a tongue extending through a
hole of the spring from a first side of the spring to a second side of the spring.

Yet another illustrative embodiment 1s a brush holder assembly of an electrical
device. The brush holder assembly includes a brush holder mountable to a stationary
member, the brush holder configured for guiding a brush into contact with a moving
surface; a spring clip coupled to the brush holder; and a spring detachably coupled to the
spring clip. The spring clip has a first side, a second side opposite the first side, an opening
defined between a first side portion and a second side portion, and a tongue extending into
the opening. The spring 1s configured to press against a brush to urge the brush 1nto shiding
contact with the moving surtace. The spring includes an end region including a hole
extending therethrough. The end region of the spring is positioned 1n the opening between

the first side portion and the second side portion and the tongue extends into the hole of the

spring.

2a
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The above summary of somec cxample embodiments i1s not intended to

describe cach disclosed ecmbodiment or every implementation of the invention.

Brict Description of the Drawings

The invention may bc morc complctely understood in consideration of the
following dctailcd description of various cmbodiments 1n conncction with the
accompanying drawings, in which:

FI1G. 1 is a perspective view of an exemplary brush holder assembly;

FI1G. 2 1s an exploded view of the brush holder assecmbly of FIG. 1;

FIG. 3 is a perspective view of the spring clip of the brush holder assembly of
FI1G. 1;

FIG. 4 1s a top vicw of the brush holdcr of the brush holder assecmbly of FIG.

FIG. 5 1s a cross-sectional view of the brush holder of thc brush holder
asscmbly of FIG. 1 taken along line 5-5 of FIG. 4;

FIGS. 6A through 6D illustratc the intcraction of the spring clip with the
channels of the brush holder during advancement of the spring clip in the channels of
the brush holder;

FIG. 7 1s a perspective view of the spring clip and attached spring of the brush
holder assembly of FIG. 1 with the spring 1n an unwound, upward position;

FIG. 7A 1s a side view of the spring clip and attached spring of FIG. 7;

FIG. 8 1s a pcrspective view of the spring clip and attached spring of the brush
holder assembly of FIG. 1 with the spring in a wound, downward position;

FIG. 8A 1s a side view of the spring clip and attached spring of FIG. §;

FIG. 9 1s a perspective view of the spring of the brush holder asscmbly of FIG,

FIG. 10 1s a side view of the spring coupled to the spring clip with the spring
rctainer retaining the spring on the spring clip;

FIG. 11 1s a view of the rcar sidc of the spring clip showing the oricntation of
the spring retainer 1n a first position for rctaining the spring on the spring clip;

FIG. 12 15 a view of the rear side of the spring clip showing the oricntation of
the spring rctainer in a second position for removing the spring from the spring clip;

FIG. 13 1s a vicw of the rcar side of the spring clip with the spring removed;
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FI1G. 14 ilustrates an alternative embodiment of a spring ¢hip for use in the
brush holder assembly of FIG. |,
FI1G. 15 iHustrates the spring chip of FIG. 14 assembled 1 the brush holder

asscmbly of FiG. :

3 FIG. 16 is a side view of an alternative cmbodiment of a spring chip for use in
a brush holder assembly:
FIG. 17 15 a rear view of the spring chip of FIGL 16;
FIG, ¥ is a plan view of a brush holder including a switch mounted to the
brush holder:
HO FIG. 19 18 a cut-away side view of the brush holder of FIG. 1R mcluding the

spring clip of FI1G. 16, showing the spring in an unwound. upward position;
F1G. 20 s a cut-away side view of the brush holder of FIG. 18 mcluding the
spring clip of F1G. 16, showing the spring in a wound. downward position:
FIGS. 21 and 22 are front and rear perspective views tllustrating an another
15 alternative embodiment of a spring chip for usc in the brush holder assembly of FIG.
L
FIG. 23 is a perspective view thlustrating a spring for use with the spring chp
of F1GS. 21 and 22;
FIGS. 24 and 25 arc front and rcar perspective vicws iliustrating the spring of
20 FIG. 23 detachably coupled to the spring clip of FIGS, 21 and 225 and
FIG. 26 1s a longitudinal cross-sectional view taken along the longitudimal
midplanc of the spring clip of FIGS. 21 and 22 illustrating the mteraction of the spring
chip with the sprime of FIG. 23,

Whilc the mvention is amcnable to various modifications and alternative

25 torms, specifies thercof have been shown by way of example in the drawings and will
be described in detatl, | should be understood. howcever, that the intention 18 not to
limit aspeets of the mvention to the particular embodiments deseribed. On the
contrary, the intention is to cover all modifications, cquivalents, and alternatives
falling within the scope of the invention.,

30 Dctatled Description

For the following defined terms. these definttions shall be apphied, unless a
different detinition 1s given m the claims or elsewhere in this specitication.

All numeric values arc herein assumed to be modified by the term “about”,
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whether or not explicitly indicated. The term “about” generally refers to a range of
numbers that one of skill in the art would consider equivalent to the recited value (1.c.,

having the same function or rcsult). In many instances, the term “about” may bce
indicative as including numbecrs that arc roundcd to the ncarcst significant figurc.

The recitation of numerical ranges by endpoints includes all numbers within
that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

Although somc suitable dimensions ranges and/or valucs pertaining to various
components, fcaturcs and/or spccifications arc disclosced, onc of skill in the art, incited
by the present disclosure, would understand desired dimensions, ranges and/or values
may dcviate from thosc cxpressly disclosed.

As used 1n this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural referents unless the content clearly dictates otherwaise.
As used 1n this specification and the appended claims, the term *“or” is generally
cmploycd in its scnsc including “and/or” unlcss the content clearly dictates otherwisc.

The following detailed description should be read with reference to the
drawings in which similar clements in different drawings arc numbcred the samc.
The dctailed description and the drawings, which arc not necessarily to scale, depict
illustrative embodiments and are not intended to limit the scope of the invention. The
illustrative embodiments depicted are intended only as exemplary. Sclected fecatures

of any illustrative embodiment may be incorporated into an additional embodiment

unlcss clcarly stated to the contrary.

Now rcferring to FIGS. 1 and 2, an illustrative brush holder assembly 10 is
shown. The brush holder assembly 10 1s shown assembled in FIG. 1, while FIG. 2
shows various components of the brush holder assembly 10 in an exploded view for
tllustrative purposes.

The brush holder assembly 10 may include a brush holder 12, such as a brush
box, surrounding a brush 18 on several sidcs and including a plurality of guiding
surfaces for guiding linear or longitudinal movement of the brush 18 therein into
contact with a moving surface of an electrical device. Howcver, in other
cmbodiments, the brush holder asscmbly 10 may includce a brush holdcr, such as onc
or more posts for guiding linear or longitudinal movement of a brush into contact with
a moving surface of an clectrical device.

Onc sidc of the brush holder 12 may includc a slot 28 extending from the top
of thc brush holder 12 toward the bottom of the brush holder 12. For cxample, the
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slot 28, which may be an opening, may cxtend from the top surface 66 of the brush
holder 12 to the bottom surface 68 of the brush holder 12, dividing the brush holder
12 into two portions, a first portion 14 and a second portion 16. The first portion 14
of the brush holder 12 may facc the brush 18 on onc or more, or a plurality of sidcs of
thc brush 18 and/or the second portion 16 of the brush holder 12 may face the brush
18 on one or more, or a plurality of additional sides of the brush 18. As shown 1n
FIGS. 1 and 2, the first portion 14 1s a scparatc componcent from the sccond portion
16, togcther forming the brush holdcer 12. Howcever, in othcr cmbodiments, the first
portion 14 and the second portion 16 may be two portions of a unitary structure
forming thc brush holder 12. In somc cmbodiments, the slot 28 between the first
portion 14 and the second portion 16 of thc brush holder 12 may be a recess,
depression, gap, space, opening or the like, of the brush holder 12.

The brush holder 12 may be secured to a stationary structure, such as a base
mcmber or yokc 30 of the clectrical device, a portion thercof which 1s shown in FIGS.
1 and 2. In other cmbodiments, the stationary structurc may be a stud, cross arm,
adapter, or other member of the clectrical device which remains stationary relative to
thc moving contact surface in sliding contact with the brush 18. For example, in some
embodiments, the brush holder 12 may be rigidly mounted to another structurc
holding the brush holder 12 stationary, or mounted to another structure in any desired
arrangement. For instance, in some embodiments the brush holder 12 may be bolted
or wclded to the stationary structurc, such as bolted or welded to the basc member or
yokc 30. As shown in FIGS. 1 and 2, cach of thc first portion 14 and thc sccond
portion 16 of the brush holder 12 may be bolted to the base member or yoke 30 with a
plurality of bolts or other fasteners. Additional brush holders, such as a second, third,
fourth, fifth and/or sixth brush holder similar to the brush holder 12 discloscd herein,
may bc sccured to the stationary structurc, such as the basc member or yoke 30 as
desired. For example, first, second, third, fourth, fifth and/or sixth brush holdcrs may
be secured to the basc member or yoke 30 radially around the moving contact surface
of the clectrical device.

The first portion 14 of thc brush holder 12 may be spaced from the sccond
portion 16 of thc brush holder 12 along one side of the brush holder 12 $uch that the
slot 28, which may be an opening between the first portion 14 and the second portion

16, 1s defined between an cdge 62 of the first portion 14 and an opposing cdge 64 of
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the second portion 16. In some embodiments, the edge 62 of the first portion 14 may
be parallel with the edge 64 of the second portion 16.

Sccured to the stationary structure, for examplc the base member or yoke 30,
thc brush holder 12 dcfines an intcrior opening 34 for rccciving a brush 18 therein.
As shown in the figures, the intcrior opening 34 may be defined by a surfacc 36 of the
stationary structure (c.g., the basc member or yoke 30), first and second interior
surfaccs 38, 40 of thc first portion 14 of th¢ brush holder 12, and first and sccond
intcrior surfaccs 42, 44 of thc sccond portion 16 of thc brush holder 12. In other
words, the surface 36 of the stationary structurc may face a first side surface 46 of the
brush 18, thec first interior surface 38 of the first portion 14 may face a second side
surface 48 of the brush 18, the first interior surface 42 of the second portion 14 may
face a third side surface 50 of the brush 18, and the second intcrior surfaces 40, 44 of
the first and second portions 14, 16 of the brush holder 12 may face a fourth side
surfacc 52 of thc brush 18. It 1s to bec noted, howcever, that in othcr cmbodiments a
surfacc of a portion of the brush holder 12 placed adjacent the surface 36 of the
stationary structure may partially define the interior opening 34 1n place of or in
addition to the surface 36 of the stationary structure.

The brush holdcr assembly 10 1s configured to place the bottom surface 56 of
the brush 18 in contact with a conductive surface 32, such as a rotating surface of a
collector ring, a slip ring, or a commutator, and conduct current therefrom. The brush
18 may bc positioncd in the intcrior opening 34 of the brush holder 12 and may
extend from the lower edge of the brush holder 12 such that a wcar surface of the
brush 18 engages the conductive surface 32. The brush 18 may include one or morc,

or a plurality of shunts 19 secured to the brush 18 providing a conductive pathway to

or from thc brush 18 for the flow of electricity.

The brush holdcr assembly 10 may also include a brush wear indicator switch
26 configurcd to indicatc when the brush 18 has worn beyond a threshold amount
through frictional and clectrical contact with the conductive surface 32. The switch
26 may generate a signal which indicates to an operator, monitor or other personnel
that a brush 18 and/or othcr componcnts may nced to be replaced and/or maintcnance
may nced to be performed on the brush holder assembly 10. The switch 26 may
include onc or more, or a plurality of electrical terminals providing an clcctrical
pathway for carrying an electrical current to and/or from the switch 26, to gencrate an

clectrical signal.
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Also illustrated in FIGS. 1| and 2 is a brush spring 22, such as a constant force
spring, which provides tension to the brush 18 to bias thc brush 18 toward and in
contact with the conductive surface 32. For instance, the cotled portion 58 of the
spring 22 may bec in contact with the top surfacc 54 of the brush 18 and press against
the top surface 54 of the brush 18, while a longitudinally extending portion (e.g.,
elongated portion) of the spring 22 may extend along and/or contact the fourth side
surfacc 52 of the brush 18.

The spring 22 may bc coupled to a spring clip 20, which may bc removable
from the brush holder 12 of the brush holder assembly 10. The spring 22 may be
removably coupled to the spring clip 20 as further described herein, such that the
spring 22 may be rcadily removed from the spring clip 20 and replaced with a new
spring 22 as desired. For instance, it may be dcsirable to replace the spring 22 with a
new spring 22 each time a new brush 18 is installed in the brush holder assembly 10.

In somc cmbodiments, the spring 22 and the spring clip 20 may be configured
such that replacement of thc spring 22 may be performed without the need for
additional tools and/or extensive time requircments. In some embodiments, a
detachable connection is formed dircctly between the spring 22 and the spring clip 20,
wherein structure of the spring clip 20 interconnccts (e.g., interlocks, latches) with
structurc of the spring 22 to provide the detachable connection between the spring 22
and the spring clip 20. In some embodiments, the spring clip 20 includes a spring
rctaining structurc coopcrating with the end region 116 of the spring 22 to dctachably
couple the spring 22 to the spring clip 20. For instance, in some embodiments the
spring retaining structure of the spring clip 20 may include geometry interconnecting
(e.g., interlocking, latching) with mating geometry of the end region 116 of the spring
22 to provide a detachable conncction directly between the spring 22 and the spring
clip 20. In somc embodiments, movement between the spring 22 and the spring clip
20 may be limited in one or more axes. In some embodiments a removable pin or chip
and/or a magnet may be used to maintain the connection between the spring 22 and
the spring clip 20 and/or ensure the connection between the spring 22 and the spring
clip 20 1s maintaincd.

In some embodiments, the spring 22 may be removably coupled to the spring
clip 20 without the use of a rivet, weld, solder or other similar fastcning means. In
some embodiments the spring 22 may be removed from the spring clip 20 without

rcmoving a bolt, screw of other thrcaded fastener. Thus, in some ecmbodiments, the
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spring 22 may be slipped or shid on and off, or otherwise disconnected from the spring
clip 20 without the need of removing a bolt, screw, rivet, weld, solder, or other
fastening mcans.

Additionally, a spring rctaincr 24 may be present to further hold or rctain the
spring 22 in connection with the spring clip 20. The spring retainer 24 may be
actuated between a first position which retains the spring 22 on the spring clip 20 and
a sccond position in which the spring 22 may be rcadily removed from the spring clip
20. Further discussion of the intcraction between the spring clip 20, the spring 22 and
the spring retainer 24 will be described while referring to FIGS. 10 through 13. 1Tt 1s
noted that other spring retaining structures, including other spring retaining structures
disclosed herein may also be used to detachably couple the spring 22 to the spring clip
20.

The spring clip 20 may be located between the first portion 14 and the second
portion 16 of thc brush holder 12 such that the spring clip 20 spans thc slot 28
between the edge 62 of the first portion 14 and the edge 64 of the second portion 16.
For example, as described later herein, opposing longitudinal edge portions of the
spring clip 20 may be slidably disposed in opposing channcls or grooves defined in
the first and second portions 14, 16 of the brush holder 12. With the spring clip 20 1n
place, the longitudinally extended portion 60 (e.g., the clongated portion) of the spring
22 may be located between the spring clip 20 and the brush 18, facing the fourth side

surfacc 52 of the brush 18.

In some embodiments, the spring clip 20 may be flexible, while the brush
holder 12 may be rigid. For example, the spring clip 20 may bc formed of a rcsilient
material providing the spring clip 20 with flexibility, while the brush holder 12 may
be formed of a material making the brush holder 12 more rigid than the spring chp 20.
Additionally or alternatively, in some embodiments the spring clip 20 may have a
thickncss less than the wall thickness of the brush holder 12.

Interaction between the spring clip 20 and the brush holder 12 will now be
further discussed while referring to FIGS. 3 through 6D. As shown in FIG. 3, the
spring clip 20 includcs a first longitudinal cdge 70 cxtending from a first cnd 78 of the
spring clip 20 to a sccond end 80 of the spring clip 20, and a second longitudinal cdge
72, opposite the first edge 70, extending from the first end 78 of the spring clip 20 to
the second end 80 of the spring clip 20. The spring clip 20 also includes a first

surfacc 74 on a first side of the spring clip 20 cxtending between the first cdge 70 and
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the second edge 72, and a second surface 76 on a second side of the spring clip 20,
opposite the first surface 74, cxtending between the first edge 70 and the sccond edge

72. In some embodiments, the first surfacc 74 may be parallel to the sccond surtace
76 and/or the first cdge 70 may be parallel to the sccond cdge 72. Furthcrmore, 1n
some embodiments the first and second cdges 70, 72 may be orthogonal to the first
and second surfaces 74, 76.

The spring clip 20 may includc a first notch 84 and/or a sccond notch 84 along
onc or both of the edges 70, 72 of the spring clip 20. The spring clip 20 may also
include a handle portion 114 located at the second end 80 of the spring clip 20. For
instance, the handle portion 114 may bc a portion of the spring clip 20 bent at an
anglc relative to another portion of the spring clip 20. In other embodiments the
handle portion 114 may be a scparatc component of the spring clip 20 attached to the
main body of the spring clip 20. In some¢ embodiments, the handle portion 114 may
includc a covcering, such as a polymcric slccve or foam covering (not shown) cncasing
or surrounding the handle portion 114 of the spring clip 20.

The spring clip 20 may be formed of a resilient material giving the spring clip
20 a degrec of springincss (i.c., clastic flextbility) such that the spring clip 20 can
undergo elastic deformation or deflection with an applied force to a non-equilibrium
position, yet return to its equilibrium position when the applied force 1s removed. For
cxample, the spring clip 20 may be formed of aluminum, beryllium, brass, chromium,
copper, gold, iron, nickel, palladium, platinum, silver, tin, tungsten, or alloys thercof,
or the like. In some embodiments, the spring clip 20 may be copper or a copper alloy,
for example, a beryllium copper material.

FIG. 4 is a top view of the brush holder 12 attached to the stationary structure

shown as a base member or yoke 30 with bolts shown in phantom lincs, illustrating
the interior opcning 34 of thc brush holder 12 at least partially defined by the first
portion 14 and the second portion 16 of the brush holder 12 securcd to the stationary
structurc shown as the base member or yoke 30. As discussed above, the intcrior
opening 34, which may b¢ a square or rectangular opening, may be defined by the
surfacc 36 of the stationary structurc (c.g., the basc member or yoke 30), first and
sccond interior surfaces 38, 40 of the first portion 14 of the brush holder 12, and first
and second intcrior surfaces 42, 44 of the sccond portion 16 of the brush holder 12.
The first interior surface 38 of the first portion 14 may be perpendicular to the sccond

intcrior surface 40 of the first portion 14, and the first intcrior surfacc 42 of the sccond

10
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portion 16 may be perpendicular to the second interior surface 44 of the second
portion 16. Furthermore, the sccond interior surface 40 of the first portion 14 may be
parallel to and lie in the samc plane as the second interior surface 44 of the sccond
portion 16.

Furthermore, it is further illustrated in FIG. 4 that the cdge 62 of thc first
portion 14 is spaced from the edge 64 of the second portion 16 of the brush holder 12,
defining the slot 28 between the cdge 62 of the first portion 14 and the cdge 64 of the
sccond portion 16 of the brush holder 12. The cdges 62, 64 of the brush holder 12
each include a channel 86 extending along the edges 62, 64 of the brush holder 12.
The channcls 86 cach include a first side surfacc 88, a sccond sidc surface 90 and a
bottom surface 92. In some embodiments, the first and second side surfaces 88, 90
may be perpendicular to the edges 62, 64 of the brush holder 12, and/or the bottom
surface 92 may be parallel to the edges 62, 64 of the brush holder 12.

FIG. 5 is a cut away cross-scctional vicw of the brush holder 12 taken along
line 5-5 of FIG. 4 further illustrating the channel 86 in the edge 62 of the first portion
14 of the brush holder 12. It is noted that although not shown, the channel 86 in the
edge 64 of the second portion 14 may be a mirror image of the channel 86 in the edge
62 of the first portion 14. Thus, discussion of only one channel 86 will be described,
noting that the opposing channel 86 in the edge 64 of the second portion 16 of the
brush holder 12 would be substantially similar, albeit a mirror image of the channcl
86 in the cdge 62 of the first portion 14 of the brush holder 12.

The channel 86 may be a nonlincar channcl extending from the top surtace 66
of the brush holder 12 toward the bottom surface 68 of the brush holder 12. Thus, in
somc cmbodiments the channel 86 may be open to the top surface 66 of the brush
holder 12, but not open to the bottom surface 68 of the brush holder 12. As shown in
FIG. 5, the first side surfacc 88 of the channel 86 may include a first planar portion 9%
proximate the top surface 66 of the brush holder 12 and a sccond planar portion 100 at
an angle to the first planar portion 98, converging at a point 104. The sccond sidce
surface 90 of the channel 86 may include an arcuatc portion 102, a planar portion 94,
and a protrusion 106 cxtending from the planar portion 94 of the sccond side surtace
90 toward the first side surface 88 proximate the top surface 66 of the brush holder
12. In somc embodiments, the protrusion 106 and thc point 104 may linc in an

invisible plane which is parallel to the sccond interior surface 40 of the first portion
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14 of the brush holder 12 (and thus parallel to the second interior surface 44 of the

sccond portion 16 of the brush holder 12).
The first planar portion 98 of the first side surfacc 88 of the channel 86 may

not be parallcl to the sccond interior surface 40 of the first portion 14 of the brush

holder 12 and/or the second planar portion 100 of the first side surfacc 88 of the

channel 86 may not be parallel to the second interior surface 40 of the first portion 14

of the brush holder 12. In some cmbodiments the planar portion 94 of the sccond side
surface 90 of the channcl 86 may be parallel to the sccond interior surface 40 of the
first portion 14 of the brush holder 12 (and thus parallel to the sccond interior surface
44 of the sccond portion 16 of the brush holder 12).

Now referring to FIGS. 6A through 6D, the interaction of the spring clip 20 in
the channels 86 of the brush holder 12 will be further discussed. The spring clip 20
may be slidably disposed in the channels 86 of the first and second edges 62, 64 of the
brush holdcr 12 such that the first and sccond longitudinal cdges 70, 72 of the spring
clip 20 are disposed in the channcls 86. FIG. 6A illustrates the spring clip 20 first
introduced into the channel 86 from the top surface 66 of the brush holder 12. As the
spring clip 20 is first introduced into the channcl 86, the first planar portion 98 of the
first side surface 88 of the channel 86 may guide the spring clip 20 into the channel 86
such that the second surface 76 of the spring clip 20 is parallel to and in shding
contact with the first planar portion 98 of the first side surface &8.

As shown in FIG. 6B, as thc spring clip 20 is furthcr advanced toward the
bottom surface 68 of the brush holder 12, the sccond end 80 of the spring clip 20
travels toward the second side surface 90 until the second end 80 contacts the arcuatc

portion 102 of the second side surface 90 of the channel 86. Further advancecment of

the spring clip 20 toward the bottom surfacc 68 of the brush holder 12 causcs the
spring clip 20 to bend or deflect as the second end &0 of the spring clip 20, in contact
with the arcuate portion 102, tracks the curvature of the arcuate portion 102.

FIG. 6C illustrates the spring clip 20 fully advanced into the channcl 86 such
that the sccond end 80 of the spring clip 20 is proximate the lower end of the channel
86. With the spring clip 20 fully advanced into the channcl 86, the spring clip 20
remains in flexion or bending such that the spring clip 20 has a curvature from forces
applicd to the spring clip 20 from contact with the first side surface 88 and/or the
second side surface 90 of the channel 86. For example, the point 104 on the first side

surfacc 88 of the channcl 86 may act as a fulcrum around which the spring clip 20 13
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clastically bent, while a portion of the spring clip 20 proximate the second end 80 of
the spring clip 20 is in contact with the sccond side surface 90 and a portion of the
spring clip 20 proximate the first end 78 of the spring clip 20 1s in contact with the
sccond sidc surfacc 90. In this position, intcrnal forces 1n the spring clip 20 attcmpt to
straighten the spring clip 20, urging the first end 78 of the spring clip 20 toward the
protrusion 106 cxtending from the second side surface 90. In this position with the
spring clip 20 in flecxion or bending, the protrusion 106 1s located in the notch 84 of
thc cdge 72 of the spring clip 20. With the protrusion 106 located in the notch 84, the
spring clip 20 1S locked in the channel 86, until an external force 1s applicd to the
spring clip 20. In this locked position, the first surfacec 74 of the spring clip 20 may be
in contact with and/or parall‘cl to the planar surface 94 of the second side surface 90 of
the channel 86.

As shown in FIG. 6D, when it 1s desired to remove the spring clip 20 from the
channcl 86, an cxtcrnal forcc F may be applicd to a portion of the spring clip 20
cxtending abovc the top surface 66 of the brush holder 12. The applied force F
disengages the protrusion 106 from the notch 84, allowing the spring clip 20 to be shd
out of or removed from thc channel 86. Thus, it can be seen that the interaction of the
resilient spring clip 20 with the configuration of the channcl 86 allows the spring clip
20 to be locked into the channel 86 to prevent the spring clip 20 from inadvertently
being removed from the channel 86, yet allows the spring clip 20 to be disengaged
from thc brush holder 12 when desired by simply applying an cxtcrnal force and thus
deflecting the spring clip 20.

FIGS. 7, 7A, 8 and 8A 1llustrate the interaction between the spring 22 and the
switch 26 in signaling brush wecar during operation of an electrical device. In the
illustrated embodiment, the switch 26 1s mounted on the second surface 76 of the
spring clip 20 external of the interior opening 34 of the brush holder 12. For example,
the spring clip 20 may include a bracket 108 to which the switch 26 may be mounted
to. In some embodiments, the bracket 108 may be formed of thc samc picce of
material as the remainder of the spring clip 20, and bent or formed to angle from the
rcmaindcr of the spring clip 20. In other ecmbodiments, the bracket 108 may be a
separate piece attached the spring clip 20. The bracket 108 may cxtend at an angle to
the second surface 76 of the spring clip 20. For instance, the bracket 108 may extend

at an oblique angle or at a perpendicular angle to the sccond surface 76 of the spring
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clip 20. In other embodiments, the switch 26 may be mounted to another component
of the brush holder assembly 10, such as a portion of the brush holder 12.
The switch 26 may include a button 110 extending through an opening 112 of

the spring clip 20. The opening 112 may cxtend from the first surface 74 of the spring
clip 20 to the second surface 76 of the spring clip 20. The button 110 then may
extend from the switch 26 on the second surface 76 of the spring clip 20, through the
opcning 112, to the first surface 74 of the spring clip 20.

FIG. 7A shows a brush 18 (in phantom lincs) associatcd with the spring 22
and spring clip 20 of the brush holder assembly 10. When the brush 18 1s installed in
the brush holder assembly 10, the coiled portion 58 of the spring 22 is located on the
top surface 54 of the brush 18, while the longitudinally extended portion 60 (e.g.,
clongated portion) of the spring 22 is located between the brush 18 and the spring clip
20. As shown in FIG. 7A, when the brush 18 is sufficiently long (i.c., longer than a
threshold length), the longitudinally cxtended portion 60 of the spring 22 cxtends
along a substantial portion of the spring clip 20 and dcpresses the button 110 of the
switch 26.

Furthermore, as shown in FIG. 8A, when the brush 18 has been sufficiently
worn down beyond a threshold length, the longitudinally extended portion 60 of the
spring 22 is reduced in length and is no longer in contact with the button 110 of the
switch 26, thus not depressing the button 110. When the button 110 of the switch 26
is actuatcd from thc dcepressed state to the non-depressed state, the switch 26 may
send a signal that the brush 18 has been sufficiently reduced in length such that the
brush 18 and/or other components may need to be replaced and/or maintenance may
need to be performed.

Thus, the button 110 of the switch 26 may be actuated by contact with the
spring 22 of thc brush holder assembly 10 to signal when a brush has diminished in
length from a first length to a second lcngth less than the first length. The spring 22
contacts and/or dcpresses the button 110 of the switch 26 when the brush 18 has a
length greater than or equal to thc first length, and the spring 22 does not contact
and/or depress the button 110 of the switch 26 when the brush 18 has a Iength cqual to
or less than the second length. In some embodiments, the contact between the spring
22 and the button 110 of the switch 26 may be a non-conductive mcchanical contact.

Electrical continuity through the switch 26 may be cstablished when the spring 22
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contacts the button 110 of the switch 26 and/or may bc intcrrupted when the spring 22
docs not contact the button 110 of the switch 26, or vise versa.

A perspective view of the spring 22 1s illustrated in FIG. 9. The spring 22
includcs a coilcd portion 58 and a longitudinally cxtended portion 60 (c.g., uncoiled
portion) extending from the coiled portion 58 to the end region 116 of the spring 22.
If a force sufficient to overcome the coiling force of the spring 22 1s applicd to the
coiled portion 58 a portion of the coiled portion 58 of the spring 22 may be uncoiled,
thus clongating thc longitudinally cxtended portion 60 of the spring 22, In somc
embodiments, the spring 22 may be formed of an elongate strap 130 of spring
material having a first end 118 and a second end 120. The first cnd 118 of the
clongate strap 130 forming the spring 22 1s located at the end of the innermost
winding of the coiled region 58 of the spring 22.

The end region 116 of the spring 22 may be a doubled-over portion of the
clongatc strap 130 forming a U-shapc or a J-shapc, such that a first scction 122 of the
strap 130 of thec spring 22 1s facing a second scction 124 of the strap 130 of the spring
22. In some embodiments there may be a gap 126 betwecen the first scction 122 and
the second scction 124. However, 1n other ecmbodiments, the first scction 122 may be
in contact with the sccond section 124 of the strap 130. The sccond ¢nd 120 of the
elongate strap 130 may be flared away from the first section 122 of the strap 130,
facilitating entry of another component into the gap 126 between the first section 122
and thc sccond scction 124. The sccond scction 124 of the strap 130 of the spring 22
may includc a holc 128 extending through the sccond scction 124 which may aid 1n
coupling the spring 22 to the spring clip 20.

FIG. 10 1s a side view showing the spring 22 rcicasably couplcd to the spring
clip 20. As shown 1n FIG. 10, the end region 116 of the spring 22 ¢xtends around the
second end 80 of the spring clip 20 such that a first portion of the spring 22 is facing
the first surface 74 of the spring clip 20 and a sccond portion of the spring 22 1s facing
the second surface 76 of the spring clip 20. For example, the end region 116 of the
spring 22 may extend around the second end 80 of the spring clip 20 such that the first
scction 122 of the strap 130 of the spring 22 1s facing the first surfacc 74 of the spring
clip 20 and the second scction 124 of the strap 130 of the spring 22 1s facing the
sccond surface 76 of the spring clip 20. In this position, the coiled portion 58 of the

spring 22 1s oriented such that the coiled portion 58 and the longitudinally extending
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portion 60 extending from the coiled portion 58 are facing the first surface 74 of the
spring clip 20.

The spring clip 20 may include a protrusion 132 extending from the sccond
surfacc 76 of thc spring clip 20. When the spring 22 1s removably coupled to the
spring clip 20, the protrusion 132 of the spring clip 20 may extend into the hole 128
through the second section 124 of the spring 22 facing the second surface 76 of the
spring clip 20. When the spring 22 1s removably coupled to the spring clip 20, the
first scction 122 of the spring 22 may be dcetflected away or turther deflected away
from the second section 124 of the spring 22 as thc sccond scction 124 comes into
contact with the protrusion 132. The end region 116 of the spring 22 may be slid onto
or slipped over the spring clip 20. As the spring 22 15 oriented such that the
protrusion 132 1s located in the hole 128, the second section 124 of the spring 22 may
spring back towards thc first section 122 as the protrusion 132 may no longer be in
contact with thc sccond scction 124 biasing the sccond scction 124 away from the first
section 122. Thus, the presence of the protrusion 132 1n the hole 128 may help
prevent the spring 22 from madvertently shipping off the spring clip 20.

It 15 to be notcd that although the protrusion 132 1s shown cxtending from the
sccond surface 76 of the spring clip 20, in other embodiments, the protrusion 132 may
extend from the first surface 74 of thc spring clip 20. In such an event, the first
section 122 of the spring 22 may include a hole such that the protrusion of the spring
clip 20 may cxtend into the holc through the first scction 122 of the spring 22.

Furthcrmore, in some embodiments the distance between the first section ‘_] 22
of the end region 116 of the spring 22 to the second section 124 of the end region 116
of the spring 22 across the gap 126 at the shortest point may be less than the thickness
of the spring clip 20 frém the first surface 74 to the second surtace 76 of the spring
clip 20. Thus, when the spring 22 1s relcasably coupled to the spring clip 20 (¢.g.,
slipped over the second end 80 of the spring clip 20), thc presence of a portion of the
spring clip 20 1n the gap 126 between the first section 122 and the second scction 124
of the spring 22 causcs the sccond scction 124 to be urged away from the first scction
122. The resilicnt forces of the end region 116 of the spring 22 attcmpt to bring the
second section 124 back toward the first section 122, thus exerting compressive forces
on the first surface 74 and the second surface 76 of the spring clip 20.

The spring clip 20 may include a spring retainer 24. The spring retainer 24

may cxtcnd around the sccond end 80 of the spring clip 20 over the end region 116 of
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the spring 22. In somec cmbodiments the spring retainer 24 may be a J-shaped or U-
shaped member. For example, the spring rctainer 24 may include a first portion 134

extending over the first section 122 of the spring 22 on a first side of the spring clip
20, and thc spring rctaincr 24 may includc a sccond portion 136 cxtending over the
sccond scction 124 of the spring 22 on a sccond side of the spring clip 20. The
presence of the spring retainer 24 extending over the end region 116 of the spring 22
precvents the spring 22 from being decoupled from the spring clip 20.

The spring rctaincr 24 may 1nclude a median rcgion 138 joining the first
portion 134 to the second portion 136. The median region 138 may be an arcuate
portion of the spring retainer 24 located below the second end 80 of the spring clip 20,
corresponding to the curved portion of the J-shape or U-shape of the spring retainer
24. In some ecmbodiments, this median rcgioﬁ 138, which covers the folded over
portion of the spring 22 below the second end 80 of the spring clip 20 may help
protcct the spring 22 from harsh conditions such as hcat gencrated from frictional
contact between the brush 18 and the conductive surface 32 of the electrical device.
Thus, the portion of the spring 22 extending around the second end 80 of the spring
clip 20 would not be dircctly cxposed to the conductive surface 32 and/or the hcat
dissipating from the conductive surface 32 of the electrical device, as the spring 22
would be shiclded by the spring retainer 24.

The spring retainer 24 may be coupled to the spring clip 20. For example, the
spring rctaincr 24 may bc actuatably couplcd to the spring clip 20. In other words, the
spring retainer 24 may be movable from a first position to a sccond position whilc
remaining coupled to the spring clip 20. For example, the spring retainer 24 may be
pivotably coupled to the spring clip 20 such that the spring rctainer 24 may pivot
around a pivot point relative to the spring clip 20. As shown in FIG. 10, a pivot post
146 extending from the sccond surface 76 of the spring clip 20 may pivotably couple
the spring retainer 24 to the spring clip 20. Thus, the spring retainer 24 may pivot
about the axis of the pivot post 146 from a first position to a sccond position. In other
cmbodiments, the pivot post 146 may extend from the spring rctaincr 24 to the spring
clip 20, allowing the spring retainer 24 to pivot about the axis of the pivot post 146.

The spring retainer 24 may also include a tab 148 extending from the second
portion 136 of thc spring retainer 24. The tab 148 may cxtend from the sccond

portion 136 at any desired angle, such as at an oblique angle or a perpendicular anglc
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to the sccond portion 136. The tab 148 may be used to help actuate the spring retainer

24 as discusscd herein.

FIGS. 11 and 12 illustrate actuation of thc spring retainer 24 to sclectively
rctain the cnd region 116 of the spring 22 around the sccond end &0 of the spring clip
20 and/or sclectively relcase the end region 116 of the spring 22 for removal trom the
spring clip 20.

In a first position, shown in FIG. 11, the spring rctaincr 24 may cxtend around
thc sccond cnd 80 of the spring clip 20 over the end region 116 of the spring 22, thus
retaining the end region 116 of the spring 22 on the spring clip 20. Grasping the tab
148 of the spring rctainer 24, or other portion of the spring retainer 24, the spring
retainer 24 may be pivotably actuated to a second position shown in FIG. 12, In the
second position, the spring retainer 24 1s angled outward away from the spring clip
20. Thus, the spring retainer 24 goes through an arc of rotation between the first
position and thc sccond position as the spring rctaincr 24 is pivotcd about the axis of
the pivot post 146. '

When the spring retainer 24 is located in the second position, the spring
rctainer 24 no longer extends around the sccond end 80 of the spring clip 20 over the
end region 116 of the spring 22. Thus, in the sccond position the spring retainer 24
does not prevent the spring 22 from being uncoupled from the spring clip 20. The
spring 22 only nced be deflected slightly to disengage the protrusion 132 from the
holc 128 as the spring is being slipped or slid off of the spring clip 20 to dccouple the
spring 22 from the spring clip 20. In other embodiments, not including a protrusion
132, the spring 22 may simply be slipped or slid off of, or otherwise disconnected
from the spring clip 20 when the spring retainer 24 1s pivoted to the sccond position
shown in FIG. 12.

FIG. 13 is a vicw of the spring clip 20 with the spring 22 removed. The
protrusion 132 of the spring clip 20 is shown extending from the second surfacc 76 of
the spring clip 20. Furthermore, as shown in FIG. 13, the second cnd &0 of the spring
clip 20 may include a notch 140. The width of the notch 140 (1.e., the distancc from
the first cdge 142 of the notch 140 proximate the first cdge 70 of the spring clip 20 to
the second edge 144 of the notch 140 proximate the second edge 72 of the spring clip
20) may be slightly larger than the width of the spring 22 such that a portion of the
end region 116 of the spring 22 may be disposed in the notch 140 when the spring 22
is removably coupled to the spring clip 20. Thc notch 140 may help properly position

18

CA 2971007 2017-06-16



WO 2009/114590 PCT/US2009/036751

10

15

2()

30

the end region 116 of the spring 22 around the second end 80 of the spring chip 20
and/or may help prcevent the spring 22 from latcrally moving toward the first cdge 70
or the second edge 72 of the spring clip 20, and thus may help prevent the spring 22
from inadvcrtently slipping off of the spring clip 20.

FIGS. 14 and 15 illustrate an alternative embodiment of a spring clip 220
similar to the spring clip 20 for use in the brush holder assembly 10. The spring clip
220 may bc substantially similar to the spring clip 20, with somc noted diffcrencces
indicatcd below. Thus, in the intcrest of brevity, similarnitics 1n the appcarance,
construction and operation of the spring clips 20, 220 will not be reiterated.

The spring clip 220 includes a first edge 222 cxtending from a first end 226 of
the spring clip 220 to a second end 228 of the spring clip 220, and a second edge 224,
opposite the first edge 222, cxtending from the first end 226 of the spring clip 220 to
the Sccdnd end 228 of the spring clip 220. The spring clip 220 may include a first
notch 230 and/or a sccond notch 230 along onc or both of thc cdges 222, 224 of the
spring chip 220.

The spring clip 220 may also include a slot 232 extending through the spring
clip 220 from the second edge 224 toward the first edge 222, but not all the way to the
first edge 222 of the spring clip 220. The end region 116 of the spring 22 may be slid
into the slot 232 such that a first portion of the spring 22 is facing a first sidc of the
spring clip 220 and a second portion of the spring 22 is facing a second sidc of the
spring clip 220. For cxamplc, the end rcgion 116 of the spring 22 may be positionced
through thc slot 232 such that the first scction 122 of the strap 130 of the spring 22 1s
facing a first surface of the spring clip 220 and the second section 124 of the strap 130
of the spring 22 1s facing a second surface of the spring clip 220.

F1G. 15 illustrates the spring clip 220 inserted into the channels 86 extending
along the cdges 62, 64 of the brush holder 12. With the spring clip 220 inserted in the
channcls 86, thc open side of the slot 232 1s covered by the brush holder 12, thus
preventing the spring 22 from sliding out of the slot 232. Therefore, when the spring
clip 220 1s installed in the brush holder assembly 10, the end region 116 of the spring
22 1s positioncd through the slot 232, with the cdges 62, 64 of thc brush holder 12
positioned on either side of the end region 116 of the spring 22. 1t is noted that, in
other embodiments, the slot 232 may be an enclosed slot, not extending fully to the

first edge 222 or the second edge 224 of the spring clip 220.
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FIGS. 16 and 17 illustrate yet another embodiment of a spring clip 320 similar
to the spring clip 20 for use in the brush holdcr assembly 10. The spring clip 320 may
be substantially similar to the spring clip 20, with some noted diffcrences indicated
bclow. Thus, 1n the intcrest of brevity, similaritics in the appcarance, construction
and operation of the spring clips 20, 320 will not be reiterated.

The spring clip 320 includes a first cdge 322 extending from a first end 326 of
the spring clip 320 to a sccond cnd 328 of the spring clip 320, and a sccond cdge 324,
oppositc the first cdge 322, cxtending from the first end 326 of the spring clip 320 to
the second end 328 of the spring clip 320. The spring clip 320 also includes a first
surface 332 on a first sidc of the spring clip 320 extending between the first cdge 322
and the second cdge 324, and a second surfacc 334 on a sccond side of the spring clip
320, opposite the first surface 332, extending between the first edge 322 and the
second edge 324. The spring clip 320 may include a first notch 330 and/or a sccond
notch 330 along onc or both of thc cdges 322, 324 of the spring clip 320.

The spring clip 320 may include a membcer 336, such as a ticxible beam,
including a first side 344 and a second sid¢ 346 fixedly coupled to the spring chp 320
at the conncction point(s) 338. For cxample, thc member 336 may be welded,
screwed, bolted, riveted, or otherwise secured to the spring clip 320 at the conncction
point(s) 338. The conncction point(s) 338 may be located closcr to the upper end of
the member 336 than the lower end of the member 336, allowing the lower end of the
mcmber 336 to cantilever or deflect away from the spring chip 320. The member 336
may extend along thc sccond surface 334 of the spring clip 320. The member 336
may include a projcction 340 cxtending from the first side 344 through an opening
342 through the spring clip 320 from the sccond surface 334 to the first surface 332 of
the spring clip 320. The member 336 may also include a protuberance 348 extending
from the second side 346 of the member 336.

FIG. 18 shows the brush holder 12 including a brush wear indicator switch
350 mounted to the brush holdcr 12, similar to the switch 26. The switch 350 may be
configured to indicate when the brush 18 has worn beyond a threshold amount
through frictional contact with thc conductive surfacc 32. The switch 350 may
gencrate a signal which indicates to an operator, monitor or other personncel that the
brush 18 and/or other components may need to be replaced and/or maintenance may

need to be performed on the brush holder assembly 10.
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FIGS. 19 and 20 1llustrate the interaction between the spring 22, the member
336 of the spring clip 320 and the switch 350 in signaling brush wear during operation
of an electrical device. FIG. 19 shows a brush 18 (in phantom) associated with the
spring 22 and spring clip 320 of thc brush holder assecmbly 10. When the brush 18 1s
installed in the brush holder assembly 10, the coiled portion 58 of the spring 22 1s
located on the top surfacc 54 of the brush 18, while the longitudinally extended
portion 60 of the spring 22 is locatcd between the brush 18 and the spring clip 320.
As shown in FIG. 19, when the brush 18 1s sufficiently long (1.c., longer than a
threshold length), the longitudinally extended portion 60 of the spring 22 cxtends
along a substantial portion of the spring clip 320 and contacts the projection 340 of
the member 336 which 1s extending through the spring clip 320, deflecting the
member 336 outward away from the brush 18. When the spring 22 contacts the
projection 340 of the member 336, the protubcrance 348 of the member 336 in turn
contacts thc switch 350, such as a button on thc switch 350 and/or opcns or closcs an
electrical circuit in the switch 350. In some embodiments, the contact between the
spring 22 and the button of the switch 350 may be a non-conductive mechanical
contact. Electrical continuity through the switch 350 may bc cstablished when the
spring 22 contacts the projection 340 of the member 336 and/or may be interrupted
when the spring 22 does not contact the projection 340 of the member 336, or vise
versa.

Furthcrmorc, as shown in FIG. 20, when the brush 18 has been sufficiently
worn down beyond a threshold Iength, the longitudinally extended portion 60 of the
spring 22 1s no longer in contact with the projection 340 of the member 336, thus the
mcmber 336 1s not deflected outward away from the brush 18. Thus, the protuberance
348 of thc member 336 may 1n turn move out of contact with the switch 350, such as
out of contact with a button on thc switch 350 and/or closes or opens an electrical
circuit in the switch 350. When the switch 350 is actuated from the state shown in
FIG. 19 to the state shown in FIG. 20, thc switch 350 may send a signal that the brush
18 has been sufficiently rcduced in length such that the brush 18 and/or other
componcnts may nccd to be replaced and/or maintcnance may nced to be performed.

Thus, the switch 350 may be actuated by contact/non-contact between the
spring 22 of the brush holder assembly 10 and the projection 340 ot the member 336
of the spring clip 320 to signal when the brush 18 has diminished in length from a

first lecngth to a sccond length less than the first length. The spring 22 contacts the
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projection 340 and thus puts the switch 350 in a first state when the brush 18 has a
lcngth greater than or equal to the first length, and the spring 22 docs not contact the
projection 340 and thus puts the switch 350 1n a second state when the brush 18 has a
lcngth cqual to or lcss than the sccond length.

The signal gencrated by the switch 350 when the state of the switch 350 1s
shifted from a first state to a sccond state may be used to notify an operator, monitor
or othcr personncl that the brush 18 and/or othcr componcnts may need to be replaced
and/or maintcnancc may nced to be performed on the brush holder assembly 10.

FIGS. 21 and 22 are front and rear perspective views, respectively, 1llustrating
another altcrnative spring clip 420 which may used with the brush holder 12 of FIGS.
1 and 2, or another brush holder. The spring clip 420 may be similar to the spring clip
20, with some noted differences indicated below. Thus, 1in the interest of brevity,
similarities in the appearance, construction and operation of the spring clips 20, 420
will not be reiterated.

The spring clip 420 includes a first edge 470 extending from a first end 47§ of
the spring clip 420 to a second end 480 of the spring clip 420, and a second edge 472,
opposite the first cdge 470, extending from the first end 478 of the spring clip 420 to
the second end 480 of the spring clip 420. The spring clip 420 also includes a first
surface 474 on a first side of the spring clip 420 extending between the first edge 470
and the second edge 472, and a second surface 476 on a sccond side of the spring clip
420, oppositc the first surfacc 474, cxtending between the first ecdge 470 and the
second edge 472. The spring clip 420 may include a first notch 484 and/or a second
notch 484 along one or both of the edges 470, 472 of the spring clip 420.

The spring clip 420 also includes an opening 432 proximate the second end
480 of the spring clip 420 extending through the spring clip 420 from the first surface
474 to the sccond surface 476. The opening 432 may have a width (e.g., the direction
orthogonal to the first and second cdges 470, 472 of the spring clip 420) greater than
the width of the spring 422, discussed at FIG. 23, such that the end region 416 of the
spring 422 may be disposed in the opening 432. A flexible tang or tongue 434 of the
spring clip 420 may cxtend into the opening 432 from the main body portion of the
spring clip 420. The flexible tongue 434 may be flexible such that the tongue 434
may be flexed or deflected from an cquilibrium position while dctachably coupling a
spring 422 to thec spring clip 420. The tongue 434 may extend into the opening 432

from an uppcer cdge of the opening 432 (c.g., an cdge ncarcst the first cnd 478 of the
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spring clip 420) toward a lower edge of the opening 432 (c.g., an cdge ncarcst the
second ¢nd 480 of the spring clip 420). The tongue 434 may include a base portion

436 fixed to the main body portion, extending to an end portion 438. As shown in the
figurcs, the tonguc 434 may cxtend into the opening 432 such that the tonguc 434 may
be surrounded by the opening 432 on three sides (c.g., first and sccond sidc edges, and
an ¢nd edge of the tongue 434). The tonguc 434 may bc a long, narrow portion of the
spring clip 420 connccted with the main body of the spring clip 420 at onc cnd only.
In somc cmbodiments, the tonguc 434 may bc a unitary portion of the spring clip 420,
while in other embodiments the tonguc 434 may be a separatc component attached to
the spring clip 420, such as with a fastener, rivet, weld, solder or other attachment
means. The end portion 438 of the tongue 434 may extend from the base portion 436
at an angle, such as an oblique or perpendicular angle, in some embodiments. For
example, the end portion 438 of the tonguc 434 may be bent out of the plane through
which th¢ basc portion 436 of the tonguc 434 lics.

The spring clip 420 may also include a plurality of tabs, such as first and
second side tabs 454, 456 and a central tab 452 located between the first and second
side tabs 454, 456. The first and sccond sidc tabs 454, 456 and the central tab 452
may extend into the opening 432 from the main body portion of the spring clip 420
from a lowcr cdge of the opening 432 (e.g., an edge nearest the second end 480 of the
spring clip 420) toward an upper edge of the opening 432 (e.g., an cdgc ncarcst the
first cnd 478 of the spring clip 420).

The first and sccond side tabs 454, 456 may be bent or othcrwisce extend away
from the plane through which the main body portion of the spring clip 420 lies. For
cxample, the first and sccond side tabs 454, 456 may cxtend at an angle, such as an
oblique angle, from the main body portion of the spring clip 420. The central tab 452,
between the first and sccond side tabs 454, 456, may also be bent or otherwise extend
away from thc planc through which the main body portion of thc spring clip 420 lics.
For example, the central tab 452 may extend at an angle, such as an obliquc anglc,
from the main body portion of the spring clip 420. The first and second side tabs 454,
456 may cxtend outward from a first planar surface (c.g., the first surfacc 474 or the
second surface 476) of the spring clip 420 while the central tab 452 may extend
outward from a second planar surface (e.g., the second surface 476 or the first surface
4'74) of the spring clip 420. The first and second sidc tabs 454, 456 may gencrally

cxtend 1n an opposing dircction from the central tab 452, forming a channcl 459, such
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as a V-shaped or U-shaped channcl, between the first and second side tabs 454, 456
and the central tab 452.

FIG. 23 is a perspective view of a spring 422 which may be detachably
coupled to the spring clip 420 of FIGS. 21 and 22. The spring 422 includcs a coiled
portion 458 and a longitudinally extended portion 460 (c.g., uncoiled portion)
extending from the coiled portion 458 to the end region 416 of the spring 422, 1If a
force sufficicnt to overcome the coiling force of the spring 422 1s applicd to the coiled
portion 458 a portion of thc coiled portion 458 of the spring 422 may be uncoiled,
thus clongating the longitudinally extended portion 460 of the spring 422. In some

embodiments, the spring 422 may be formed of an clongatc strap 490 of spring

- material having a first end 418 and a second end 424. The first cnd 418 of the

clongatc strap 490 forming the spring 422 1s located at the end of the innermost
winding of the cotled region 458 of the spring 422. The end region 416 of the spring
422 may includc a holc 428, such as a circular, oval, oblong, squarc, rcctangular, or
other shaped opening, extending through the strap 490 which may aid in coupling the
spring 422 to the spring clip 420.

FIGS. 24 and 25 are front and rear pcrspective views, respectively, showing
the spring 422 rclecasably coupled to the spring clip 420. With the spring 422 located
on the side of the spring clip 420 including the first surface 474, the end rcgion 416 of
the spring 422 may be positioned in the opening 432 such that the end region 416 of
the spring 422 is disposcd between side portions 492, 494 of the spring chip 420,
which at least partially dcfine side edges of the opening 432, The second end 424 of
the spring 422 is positioned in the channel 459 defined between the side tabs 454, 456

and the central tab 452 of the spring clip 420 such that the two side tabs 454, 456 are
locatcd on onc side of the end rcgion 416 of the spring 422 and the central tab 452 is

locatcd on a second side of the end region 416 of the spring 422, opposite the first
side of the end region 416 of the spring 422. As shown 1n the figures, the first and
second side tabs 454, 456 are located on the first side 496 of the spring 422 and the
central tab 452 1s located on the second side 498 of the spring 422. Howcver, 1n other
cmbodiments in which the dircction that the tabs 542, 454 and 456 cxtend 1s reversed,
the first and second side tabs 454, 456 may be located on the second side 498 of the
spring 422 and the central tab 452 may be located on the first side 496 of the spring

422.
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With the end region 416 of the spring 422 located in the channel 459 and
between the central tab 452 and the first and second side tabs 454, 456, the ¢nd
portion 438 of the flexible tonguc 434, which may be considered a projection or a
protubcrance in some cmbodiments, may cxtend into and/or through the hole 428 of
the end region 416 of the spring 422. With the end portion 438 of the tongue 434
positioned in the hole 428, the basc portion 436 of the tongue 434 may facc, extend
along and/or contact thc sccond surfacc 498 of the spring 422, In other words, the
basc portion 436 of the tonguc 434 may be located on the sccond side 498 of the end
region 416 of the spring 422 (i.¢., the side away from the coiled portion 458) when the
end portion 438 of the tonguc 434 is positioned in the hole 428 of the spring 422.

FIG. 26 is a longitudinal cross-sectional view taken along the longitudinal
midplane of the spring clip 420 illustrating the interaction of the' spring clip 420 with
the spring 422 when the spring 422 is detachably coupled to the spring clip 420. As
shown in FIG. 26, when the cnd portion 438 of the tonguc 434 is positioned in the
hole 428 of the spring 422, a lowcr edge of the end portion 438 may contact an edge
of the hole 428. Thus, upward forcc applied to the spring 422 causes the edge of the
hole 428 to cngage the edge of the end portion 438 of the tongue 434. With the end
portion 438 positioned in the hole 428, engagement of the edge of the hole 428 with
the edge of the end portion 438 of the tongue 434 prevents the spring 422 from being
decoupled or removed from the spring clip 420. Furthermore, the first and second
sidc tabs 454, 456 and thc central tab 452, locatcd on opposite sidcs of the end region
416 of the spring 422, further retain the spring 422 from being discngaged with the
end portion 438 of the tonguc 434. For example, the first and second side tabs 454,
456 and/or the central tab 452 may limit movement of the spring 422 rclative to the
spring clip 420 in one or more directions or axes. In order to release or decouple the
spring 422 from the spring clip 420, the tongue 434 may be deflected away from the
spring 422 such that the end portion 438 of the tonguc 434 is removed from the hole
428 and thus no longer is located in the hole 428 of the spring 422. When the cnd
portion 438 of the tongue 434 is not located in the holc 428, the spring 422 may be
liftced upward and away from the spring clip 420 to rcmovce the spring 422 from the
spring clip 420.

Further shown in FIG. 26, when the spring 422 1s detachably coupled to the
spring clip 420, the second end 424 of the spring 422 1s positioned in the channcl 459
defined between the first and sccond side tabs 454, 456 and the central tab 452, Thus,
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the first and sccond side tabs 454, 456 are located on the first side 496 of the spring
422 and the central tab 452 is located on the second side 495 of the spring 4220 As
shown in FIG. 26, the first side 496 of the spring 422 may be in contact with and/or

parallel to a surface, such as a planar surface, of the fust and/or sccond side tabs 454,

i 3

456 of the spring ¢hip 420. Furthermore, the end portion 438 of the tonguce 434 15

shown extending through the hole 428 of the spring 422 from the sccond side 498 of

the end region 416 of the spring 422 to the first side 496 of the end region 416 of the

spring 422, As can be scen from FIG, 26, as the spring 422 158 unwound (c.g..

cxtended upward), the fongitudinal portion 460 (e.g.. clongated portiony of the spring

10 422 extends along the first surface 474 of the spring chip 420, mcluding the surtace of
the tonguc 434,

In some embodiments, the mnteraction between the spring 422 and the spring
clip 420 may be considered a snap-tit or interlocking fit. By configuring the spring
422 and spring clip 420 such that the spring 422 may be readily detached from the

15 spring clip 420, the spring 422 may be replaced as desired without tools and/or the
removal of a rivet, screw, bolt, weld, solder or other fastemng means.

Those skilled in the art will recognize that the present mvention may be
manifested in a varicty of forms other than the specific embodiments deseribed and
contemplated herein. Accordingly, departure in form and detatl may be made without

20 departing from the scope of the present invention as described in the

appended claims.
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What 1s claimed is:

1. A brush holder assembly of an electrical device, the brush holder assembly
comprising;:

a brush holder mountable to a stationary member, the brush holder configured for
guiding a brush into contact with a moving surface;

a spring clip coupled to the brush holder, the spring clip including a main body
portion having a first side, a second side opposite the first side, and a tongue extending from
the main body portion; and

a spring detachably coupled to the spring clip, the spring configured to press against
a brush to urge the brush into sliding contact with the moving surface, the spring including a
first side, a second side and an end region including a hole extending through the spring
from the first side to the second side;

wherein the second side of the spring faces the first side of the main body portion of

the spring clip and the tongue extends into the hole ot the spring.

2. The brush holder assembly of claim 1, wherein the tongue 1s located in an opening

bound by a first side portion of the spring clip and a second side portion of the spring clip.

3. The brush holder assembly of claim 2, wherein the end portion of the spring is
positioned in the opening of the spring clip between the first side portion and the second side

portion of the spring clip.

4. The brush holder assembly of claim 3, wherein the first and second side portions of

the spring clip at least partially define side edges of the opening.

S. The brush holder assembly of claim 1, wherein the tongue extends in a direction

away from the second side of the spring clip.

6. The brush holder assembly of claim 1, wherein the tongue is a unitary portion ot the

spring clip.
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7. The brush holder assembly of claim 1, wherein the spring is positioned entirely on

the first side of the spring clip.

8. The brush holder assembly of claim 1, wherein the spring clip includes a plurality of
tabs, wherein at least a first tab faces and 1s in contact with the first side of the end region ot
the spring and at least a second tab faces and 1s in contact with the second side of the end

region of the spring.

9. The brush holder assembly of claim 1, wherein the tongue includes a base portion
attached to the main body portion of the spring clip and an end portion extending into an

opening of the spring clip.

10. A brush holder assembly of an electrical device, the brush holder assembly
comprising:

a brush holder mountable to a stationary member, the brush holder configured for
guiding a brush into contact with a moving surface;

a spring clip coupled to the brush hoider; and

a spring detachably coupled to the spring clip, the spring configured to press against
a brush to urge the brush into sliding contact with the moving surface;

wherein the spring clip includes a tongue extending through a hole of the spring from

a first side of the spring to a second side of the spring.

11. The brush holder assembly of claim 10, wherein the spring clip includes an opening
bounded by a first side portion of the spring clip and a second side portion of the spring clip;
and

wherein an end portion of the spring is positioned 1n the opening of the spring clip

between the first side portion and the second side portion of the spring clip.

12.  The brush holder assembly of claim 11, wherein the tongue extends into the opening

of the spring clip.
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13. The brush holder assembly of claim 10, wherein the spring 1s positioned entirely on a

first side of the spring clip.

14. The brush holder assembly of claim 10, wherein the spring clip includes a planar

surface along which the spring extends, wherein the tongue projects across the planar

surface.

15.  The brush holder assembly ot claim 10, wherein the spring clip includes a plurality ot
tabs, wherein at least a first tab faces and 1s in contact with the first side of the spring and at

least a second tab faces and 1s 1n contact with the second side of the spring.

16. A brush holder assembly of an electrical device, the brush holder assembly
cComprising:

a brush holder mountable to a stationary member, the brush holder configured for
guiding a brush into contact with a moving surtace;

a spring clip coupled to the brush holder, the spring clip having a first side, a second
side opposite the first side, an opening defined between a first side portion and a second side
portion, and a tongue extending into the opening; and

a spring detachably coupled to the spring clip, the spring configured to press against

a brush to urge the brush into sliding contact with the moving surtace, the spring including

an end region including a hole extending therethrough;
wherein the end region of the spring 1s positioned in the opening between the first

side portion and the second side portion and the tongue extends into the hole of the spring.
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