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3 Claims,
|
This invention relates o molded-in shunt elee-
trical contact members, and it relates more par-
ticularly to an electrical brush molded from finely
divided electrically conductive material, espe-
cially carbonaceous materia] such as graphite,
with which may optionally be admixed powdered
copper or other metal, the whole bonded to-
gether with a suitable binder; the brush being
provided with a conductive lead or shunt, most
desirably of the flexible stranded wire or pigtail
type, terminally embedded and anchored in the
brush material by the molding operation.,
- Provision of a bonded carbon brush with g
conductive lead substantially integral therewith
by embedment of an end portion in the brush
material as the brush is being molded has long
been recognized in the art as something greatly
to be desired. In spite of this fact, compara.-
tively little progress has thus far been made to-
ward practical achievement of this objective, es-
pecially as regards brushes of the type used for
‘automotive purposes. As a rule, molded-in shunt
brushes heretofore available have Droved more or
less unsatistactory in respect of either mechani-
cal strength or electrical performance, or both.
In the case of graphite and metal-graphite
brushes especially, this was due in considerable
pary to the necessiy, practically unavoidable be-
cause of the structural characteristics of the
Prush and pigtail combination proposed, of so
applying the molded pressure to the raw mix in
he mold when producing such brushes that the
‘working or contact face of the combpleted brush
Was parallel fo the direction of the grain of
the molded brysh material, instead of being per-
pendicular thereto as required by the best prac-
tice.

Heretofore, in brushes of this type the shunt
cable has heen molded into the top edge of the
brush so that it could he readily connected in
an electric circuit, This necessarily makes it dif-
ficult to mold the brush on its side because in
o doing the cable lies perpendicular to the di-
rection in which the molding pressure is ap-
plied, thus causing it to be damaged or even
completely sheared off during the molding oper-
ation. On the other hand, if the brush is molded
pressure exerted perpendicular to the
‘edge so that the shunt will not be damaged, the
electrical conductivity of the brush is greatly
reduced due to the Improper layering or grain-
ing effect of the molded material. Heretofore,
therefore, contaet members having molded-in
shunts have suffered from poor meehgnieal
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In accordance with the present invention, the
above-mentioned difficulties are overcome sand
certain important advantages are realized by
Provision of a molded-in shunt electrieal con-
tact member, especlally a molded-in shunt brush,
having a novel structure permitting it to be
molded with the shunt in place while applying
the molding pressure parallel to the contaet face
In proper direction to give the correct grain or
layering relation thereto; the resultant contact
member being characterized by good electrical
periormance and excellent mechanical strength.
In general, assuming the novel contact member
to have a contaci or working face and an ad-
Joining relatively large flat non-working face sub-
stantially perpendicular thereto, said relatively
large face is provided in the molding operation
With g depression or recess, which extends to and
Is laterally open at an edge of the contaet mem-
ber at a location appropriately remote from said
working face. The flexible lead or pigtail, g ter-
minal portion of which has been embedded in
the brush materigl adjacent the recess under
melding pressure applied perpendicularly to said
relatively large faee, is S0 - positioned and the
molding is so performed that the free portion
of the flexible lead emerges from the bottom of
Sald recess, By terminal portion of the pigtail
1s meant that portion which i1s embedded in the
Although an end of the lead
Is ordinarily molded into the brush, the expres-
sion “terminagl portion” refers to an eleetrieal
terminal and may be, for example, the mid-sec-
tion of a length of cable, The depth of the recess
is sufficient to accommodate the lead such that
when normally bent sharply over at the point of
onergence, 1t will lie close to the bottom of said
Tecess and extend laterally out beyond the edge
0f the contact member Ior connection in g ejp-
cuit.

Particularly satisfactory results have been ob-
tained where that portion of the novel brush
adjaeent the pigtail includes a Substantial pro~
portion of copper powder and g binder molded
Integrally with the brush during the molding
process. Still better electrieal performanee as
well as good meehanieal strength of the brush
connection have bheen attained by using only
COPDEr powder and a binder in that part of the
brush into which the flexible lead is molded.

In manufacturing brushes having the afore-
mentioned advantages, s preform I8 produced
having a depression or trough provided in the
flat side against which the molding pressure is
applied. One end of the shunt cable is then

DPlaced in this depression and the molding pres-
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sure applied perpendicularly to the flat side of
" the brush. During this final molding operation
~ the brush material is forced into the space around
the eable, integrally uniting the end of the cable
with the brush and therepy forming a strong
~ connection. | -
Apparatus useful
contact members consists of two
One automatically fills
the preform, while the
cable in the preform and
 ing pressure parallel to
the brush. o |
‘In explaining further the nature of the inven-
tion, reference will be made to the accompanying
drawings which illustrate, by way of concrete ex-
ample, certain desirable practical embodiments
thereof. In these drawings R
 Fig. 1l is a perspective view of a novel brush
showing the molded-in shunt emerging from the
side thereof but extending 1aterally -out beyond
the edge of the brush; - | B
. Pig. 2 is a side elevation of the same partially
‘broken away; T - |
 Pig. 3 is a view also partially broken away look-
ing at the top edge of the brush shown in Figs.
-1 and 2; | | |

in manufacturing the novel
pressing units.

second inserts the shunt
applies the final moid-
the working surface of

Fig. 4 is a perspective view of a novel brush,

similar to that illustrated in Figs. 1 to 3, but
‘showing a slightly different form of shunt con-
‘nection; . o |
- Fig. 5 1s a schematic view of a section in ele-
_vation of a portion of the preform press;
. 'Fig. 6 is a schemadtic view showing how the
preform mold is filled; | I
. Pig. 7 ig a perspective view on an enlarged scale
of a preform; | | | |
. Fig.81s a schematic view of a section in ele-
. vation of parts of the molding press shown just
" as the molding pressure is about to be applied to
the preforms; | | -
~ Fig. 9 is a section of a portion of the molding
press viewed in ihe direction 8—9 as seen in g,
8, but showing the press in its open position just
‘after a set of brushes have been molded; and
- Fig. 10 shows & detail on an enlarged scale of
g portion of a punch used in the final mold.
 Referring to the drawings, carbon block {6 has
g working or contact face il and a relatively
large non-working face (2 In which there is &
depression or recess 13 located most desirably
in one corner opposite sald contact face. A
stranded copper wire cable or flexible pigtail
 lead 14 is substantially integral with the carbon
‘block and emerges irom the bottom of recess 3.
‘The depth of the Te€CesS is equal to or slightly
‘greater than the diameter of the cable 14 so that
.when the pigtail is
of emergence it will lie flush with the surface of
the brush. This will permit the lead to extend
laterally out beyond the edge of the contact
‘member for connection in a circuit without in-
terfering with the brush holder.
. Tt will be noted that
permits manufacture of the brush by applying
‘the molding pressure perpendicular to surface
{2 while at the same time providing a practical
" method of molding-in the shunt 14. When the
molding pressure is so applied, the grain of the
molded brush material 1s perpendicular to work-
ing face i1, as required by best practice. Since
it is neither feasible nor practical to embed the
end of the shunt from the top of the brush when

the molding pressure 1S applied to a side, the
cable is inserted in the same direction in which

bent over sharply at the point

this construction readily
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 the molding pressure is

Wi

the mold and compresses =
10

 the connection shown in ¥ig.
shunt does not extend across

of emergence.

ol
]

4 .
applied. Recess (3 Is
formed in the top edge of the brush at the same
time that the block is molded and while shunt
(4 becomes embedded in the material. |
Fig. 2 clearly shows the wire cable {4 molded-in

‘aeross the top: of the brush, and Fig. 3 better

illustrates how the shunt will lie flush with the
Aat surface 12 when it is bent over at the point
Wwhile molding the cable across
the top provides a stronger shunt conneciion
and improved electrical performance, and is for
these reasons believed to be the most desirable
form of connection, it is to be understood that
‘4, in which the
the top of the brush
but is embedded only in the corner adjacent re-

- cess 13, 1s obviously also within the scope of the

20

30

‘teristics over brushes with 8

carbon brushes such as cokes,

invention. In cases where some €conomy is re-
quired, the form of connection shown in Fig. 4
may be useful. Furthermore, improved charac-
| single shunt con-
nected as in Fig. 4 can be attained by providing
two or more shunts for each brush. L
~ The mix, from which the brush is molded, may
be any of various materials suitable for molded
brushes. Carbonaceous materials usually .em-
ployed are natural graphite and electrographite
flours, but any of various other materials used in
metal-graphite,
lJampblack and carbon black may also be used.
The binder is most desirably 2 thermosetting

yesin commonly used in molded brushes such: as

 phenol-formaldehyde, urea-formaldehyde, phe-

o
W |

44 -

s SR
b |

70

(i

nation of these. Nylon

parts graphite.

a5 gredients in any

nol-furfural, melamine, silicone or any combi-

‘may also be used as a
binder. .In addition to the carbonaceous ma-
terial and binders, copper or other metal powders

are sometimes included in the mix.

- u

Wwhile the brush body is ordinarily df ) uni-'

form composition throughout, for certain pur-
poses the material in that portion of the brush
in which a copper wire shunt is embedded is com-
‘posed wholly of & resin-bonded
Brushes of this type, hereinafter
‘metal-top brushes, have a very
Ppetween the shunt and the brush body as com-
‘pared. with brushes .
yectly into the graphite-resin material. This is
‘because the contact area ol copper to
n in the metal-top brush is much greater than in
“~all-graphite |
sistance .contact between the copper powder and
the wire shunt. | | |

copper powder.
referred to as
low voltage drop
having the shunt molded di-
graphite

brushes, and because of the low re-

By way of concrete illustrative éxample, a par-

ticularly desirable sraphite or “block” mix con-
cists of an electrographite flour powdered to a
fneness such that 90% will pass 200-mesh. Four-

teen pounds |
added for each 100 pounds of graphite flour. An-

60 -
‘mesh and bonded

of phenol-formaldehyde binder are
other common mix consists of natural graphite
having a fineness such that 98% will pass 200 -
with phenol-formaldehyde
resin in the proportion of one part binder to five
The exact proportions or in-
case, however, depend on the
particular purpose for which the brush is to be
used, the foregoing examples being merely illus-

frative.

for metal-top brushes, a suitable metal powder
mix consists of a fine electrolytic copper powder
plus a binder, which may be any of the afore-
mentioned resins such as phenolformaldehyde..
The proportion of binder to metal powder is most
desirably kept within the range of 8 to 14 parts
binder to 100 parts metal powder. Although
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eopber powder has been found to be very satis-
factory, it is to be understood that in its broader
aspects the invention does not exclude uyse of
other powdered metals such as aluminum. Fur-
thermore, the molding compounds may be mix-
tures of metal powders with the ecarbon Hours,
as for instance metal-graphite mixes. These gre
sometimes used in what is known as sandwich
brushes comprising layers of different materials,
8 typical sandwich brush being one having two
putside layers of graphite mix and a center layer
of metal-graphite. For Some particular purposes,
brushes of this type show improved character-
istiecs over all-graphite brushes.

Apnaratus for commercially manufacturing the
new brush in accordance with the novel process
is illustrated more or lesg diagrammatieally in
Figs. 5, 6, 8, 9 and 10 wherein, for purposes of
simplification and clarity, only so much of the
pressing units is shown ag is necessary to an
understanding of their operation. Therefore, gl-
though the presses 1Hustrated in Figs. 5 and 8
show two cavities in each die, while in Figs. g
and 9 only one cavity is shown, it is obvious that
these dies may be of Such size as to have, for
Instance, six rows of cavities with Nine cavities
in each row, so that 54 brushes can be manufac-
tured simultaneously.

The preform press herein deseribed and illus-
trated is adapted for production of metal-top
brushes having the shunt molded-in across the
top. However, this apparatus is readily modified
for production of solid Or sandwich type brushes,
O for hrushes wherein the shunt is not molded-
In across the top.

- In the specifie embodiment of the preform
bress shown in Figs. 5 and 6, the press, which
may he operated hydraulically, consists of a sta-
blonary die 20 provided with substantially rec-

tangularly shaped cavities 21, in which the bot-
tom plungers or

platen 25, are capable of being lowered into cavi-
ties 2/ and have projections 26 on their under
faces provided to form & 8Ioove or hole in each
preform, into which g pigtail is inserted during
the final molding operation. The mold and both
top and bottom bunches are heated in some man-
er such as by the circulation of hot oil or steam

through passages 27 Or by electrical heating ele.
ments.

On onhe side of the press and ig capable of being
moved horizontally on the Upper surface of die 20
Into position for depositing the molding com-
bound in the mold. As viewed in Fig, 5 the hop-
Ber moves horizontally in the plane of the paper,
while in Fig, 6, it will move In g line perpendicular
1o the paper. Furthermore, in Fig. 5 the hopper
is shown withdrawn from the mold to allow yn-
obstructed vertical movement of the top punch.
Fig. 6, on the other hand, shows the hopper in
the process of filling the mold. Since the ap-~
baratus here illustrated is adapted to produce
metal-top brushes, each section of the hopper
18 divided into two bins for each row of cavities
In the mold by g partition 29 whose lower edge
lies paralle] to the line of Imovement of the hop-
Per. The graphite-resin mix 39, which makes
Up the major portion of the brush body, is con-
tained in one bin and the copper-resin mix 3i
in the other.

~In order to ensure uniform filling of the mold,
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each section of the hopper is provided with &
stirring device near the bottom of the bhin to
agltate the molding compound as it flows into
the mold. A reciprocating stirrer 32 in the bin
containing the graphite mix 30 moves in 8 hori-
zontal plane along each row of cavities, while
a rotating

constant flow of mix as the cavities are being
filled. The hopper is moved into and out of
filling position by a hydraulic ram 34.

With top punches 24 ralsed to their highest
Dosition and bottom punches 22 raised even with
the upper surface of die 20, hopper 28 is moved
by hydraulic ram 34, upon actuation of a start-
Ing switeh in the circuit of a motor (not shown)
which controls the ram, to the filling position
shown in broken lines in Pig. 5. Upon reaching
this position, it contaects and operates 8 switch 35

mechanism causing bottom punches 22 to be low-
ered at a rate so controlled as to further ensure
good filling of the mold. When punches 22 reach
their lowest position, g, lug 36 on the lower platen
23 contacts a second Switch 37 in the circuit of
the hydraulic ram motor, which causes hopper 28
to start to move off the mold thereby releasing
Switch 35 and stopping the motion of the stirrers
as well as the downward movement of plungers
22. The hopper then returns to the position
shown in full lines where 1t will be out of the

way when the top punches are lowered into the
cavities.

as pressure is applied by upward movement of
vottom punches 22. A pressure of from 15 to 2
tons per square inch at between 30°-8g° C. is
applied to compact the preforms only sufficiently
to hold them together when they are ejected from
the preform mold. Care must be taken at this
stage because if the preforms are too hard after
this preliminary molding operation, they will not
flow properly in the final mold. On the other
hand, if they are not hard enough they will fall
apart during transfer to the molding press.

. When the desired pressure is attained in the

preform press, the top punches are raised quickly
from the die to thejr highest position. A preform
shown) for removing the
preforms from the preform press is then placed
le. 'This rack, which looks more or less
like an egg crate, has g multiplicity of compart.-
ments arranged to correspond exactly with the
cavities in the die of the press. Suitable guides
ale provided to properly position the carrier on
the die so that when the preforms are ejected
they fit shugly into the compartments of the
held therein. A1l the pre-
forms made in one pressing operation may then
he simultaneously removed from the press in the
carrier. Ejection of the preforms into the car-
rier is accomplished by raising the bottom
punches flush with the top of the die. This com-
pletes the operating cyecle of the breform press,
which is then ready to start on the next set of
preforms as soon ags the preform carrier is re-
moved. Where only a small number of brushes
are made at one time, the preform carrier is un-~



' _"or o finely pulverized vegetable wax.

. pecome molded in the brushes

_ 7
necessary; but for large production presses, this
aid is highly desirable as a time-savel. 2
tory to the final molding operation, the preforms
are dusted with a lubricant, such as zinc stearate

In the production of brushes having
tail molded-in across the top, the preform 38
illustrated in Fig. 7 18 formed with a groove Or
trough 39 located in the portion of the preform
into which the shunt is tqbe_.placed. The depth
of trough 39, formed by projection 26 on the face
of the top punch 24, is equal to about half the
thickness of the preform In order to locate the
shunt centrally within the brush when molded.

Figs. 8 and 9 illustrate the essential parts of

the final molding press as well as how the cables
during the mold-

~ ijng thereof. ToD punches 40 have raised por-
" Yions 41 on their lower or working faces for form-
ing recess 13 in the molded brush body 16. Wire
cables 14 are fed through passages 82 drilled ver-
tically through punches &0 and through the
raised portions #1 thereon. Cavities 43 in die 44
are so spaced thereon as to correspond exactly
with the positions of the cavities in die 208 of the
preform mold in order that the preforms may he
ejected into the preform carrier, which in turn
is capable of depositing the preforms in die 44
of the final mold. The ends
protrude from the holes in punches 48, are bent
over, by means hereinafter described, S0 that they
will lie properly In grooves 30 of the preforms.
This is clearly illustrated in Fig. 8 showing top
punches €0 and die 44 just before the molding
pressure 1s. applied. Punches 48, being rigidly
secured to the stationary platen 45, do not move,
while die 44 is mounted on a platen 46 which 1s
capable of moving vertically in order to open
and close the mold as well as 10 exert the mold-
ing pressure. Althcugh this arrangement has
been found to be most practical, it is obvious that,
with certain minor adaptations, the lower platen
and die could be stationary and the upper platen
. movable: or both could be adapted for movement

if desired. The mold as 2 whole including g

punches and die is heated by some means &7 In
the same manner as the preform press. "
With reference to Fig. 8, upward movement of
die 48 will cause punches 40 to enter cavities 43
and to compress the preforms 38 therein, causing
the walls of the trough 39 in each preform to ke
crushed, and forcing the material of which the
brush is molded into the space around the cable
14, As pressure and heat are applied, the mate-
rial surrounding the cable {4 becomes solidly
molded around the shunt cable securely embed-
“ding it in the molded body of the brush.
" In order to avoid any possibility of shearing
the wire strands in the shunt cable during the
molding operation, the portion 42¢ of the edge
of hole 42 (Fig. 10) over which the cable is bent
for insertion in the preform is rounded ofi to

climinate the sharp edge of the punch that would

otherwise tend to cut or fray the cable. Further-
more, it is desirable to locate shunt hole 42 as
far away from the edge of the brush as possible
‘n order to obtain maximum shunt pull-out
strength but, at the same time, not too close to
the edges of portion 41 where the shunt would
he damaged during molding. Fig. 10 shows &
satisfactory form of punch 48 wheréein & and b
indicate the dimensicns of the raised portion 4|
and ¢ and d locate the hole 42. In & typical
instance for & brush measuring approximately

Prepara-
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ohe inch square on its flat side,. a="Y; inch,
b—+3 inch, c=# inch and d=1% inch. o
During molding of the preform into the final
product, flow of the molding compound toward
depression 38, is greatest in the section of the
preform under raised portion &i of the punch.
Accordingly, in order to permit smocth fiow,
thereby tending to eliminate cracking or laminat-
ing of the material, the inside edges of raised
portion 41 are rounded as shown in Fig. 10. It
has been found that unless these edges are

rounded, the thin edges ot material around re-

cess 13 in the molded brush are
and to break easily.

“After the brushes are cured in the mold for
the required length of time at specified tem-
perature and pressure, die 44 is lowered, drawing
the shunt cables with it through punches 4¢ from
cable in the upper part of the press
(not shown). When the die has been lowered an
amount equal to the overall length of the shunt
(Fig. 9), a wire cutter 48, having reciprocating
blades 48a¢ and drive shait 885, clips the cables
(A at the desired distance from the brushes 10,
which are still held in die 44. The required
length of cable for inserting intoc the next set
of preforms placed in the die 1s left protruding
from each punch. <Cutter bar &8 is mounted on
suitable supports (not shown) and, as viewed In
Fig. 8, moves perpendicularly to the plane of the
paper and carries with it upright members or
deflectors ‘50, which are mounted rearwardly
thereof. After cutting off the shunt cables, cut-
ter 48 is moved on past punches 49 so that the
deflectors strike the free ends of cables 14 near
the point where they emerge from the punches
giving them a permanent bend at this point in
order that they wiil lie properly in the grooves 39

of the next set of preforms as shown in Fig. 8.
Members 50 are mounted for transverse move-

apt to be weak -

ment on cutter 48 so that after they have bent

cables {4, they are moved to the position indi-
cated by broken lines in Fig. ¢ in order that they
will pass to one side of the cables when the cutter
is returned to its original starting place. 'The

deflectors are then returned to their full-line

positions ready to make a second pass after the
next set of brushes has been molded.

In practice it has been found desirable to maiﬁ—

tain the final molding pressure at between 2 t0

10 tons per square inch and generally at about 4
tons per square inch depending on what the
prush being molded is to be used for. Using these
pressures, the temperature may be between 140°
to 200° C. and is most desirably about 160° C.
The brushes are mold-cured in the press at the
molding pressure and temperature for about 5
minutes. Then after the shunts have been cus,
the brushes are ejected from the die by ejector

pins 51 and are oven-cured at about 200° C. for

substantially one hour. After oven-curing they

are finished by grinding the commutator con-
tact surfaces of each. |

While not indispensable to satisfactory per-
formance of the brushes under usual conditions,
it has been found distinctly advantageous in cer-
tain instances to employ for the flexible conduc-
tor in the novel brush combination what is known
as oxygen-free high-conductivity (“OFHC”)
copper cable, because it oxidizes less quickly
than ordinary copper cable does under the same
conditions and thus does not deteriorate to any
great extent during the oven-curing of the
brushes. Another highly desirable. material for
the shunt is nickel-coated copper wire. This
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does not oxidize under severe loads, and conse-
quently the shunt connection does not increase
- In resistance even as much as the OFHC copper
cable shunt under such conditions.

As previously mentioned the presses herein de-
scriked can be readily adapted to production of
sandwich type brushes and all-graphite brushes.
In order to manufacture all-graphite brushes, the
hopper for filling the preform mold can be loaded
With graphite mix in ali its bins, or else another
hopper is used which is not divided into separate
sections and is loaded with only the graphite or
“black” mix. The preform is molded in the same
Imanner as the metal-top brush, and transferred
to the molding press exactly as hereinbefore de-
SCribed.

To produce sandwich brushes, on the other
hand, two hoppers are provided with one on
each side of the preform press so that they can
be moved alternately into filling position over
the die. One hopper contains the “black” mix
and the other contains the metal-graphite mix.
In order to make g three layer sandwich brush,
a layer of the graphite mix is first deposited in
the mold and then s layer of metal mix is de-
posited by the second hopper, after which 2, third
layer of the “black” mix Is added to fill the
mold. This is then compressed to the preform
which is subsequently molded as hereinabove
described. Since the shunt is molded into the
middle layer or metal-graphite portion of this
type of brush, the shunt millivolt drop of sand-
wich brushes having
dinarily lower than

factory for the center layer is composed of 20 %
finely divided copper powder, 50% fine graphite
flour and approximately 8 pounds of g thermo-

setting resin per hundred pounds of metal-
graphite flour.
It has been found that one way of lowering

the resistance of the shunt connection for all-
graphite brushes is to deposit copper powder,
preferably containing a resin binder, into the de-
pression provided in the preform and to then
insert the shunt into the depression, after which
the brush is molded. While the addition of the
copper powder alone will reduce the resistance of
the connection, it has been found that a stronger
connection can be made without increasing the
shunt resistance by including the resin binder
with the copper powder.

The method and apparatus, which are dis-
closed in this application, for manufacturing
electrical contact members are claimed in a divi-
sional application Ser. No. 369,625, filed July 2,
1953. -

What is claimed is:

1. In combination, a molded electrical contact
member having a molded-in electrieal conductor,
sald member comprising a body composed of
resin-bonded finely divided electrically conduc-
tive material comprising a carbonaceous mate-
rial, said member having a working face and
an adjoining face substantially perpendicular
thereto, the layering of said carbonaceous mate-
rial being substantially parallel to said adjoining
face due to the application of pressure perpendic-
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ular to said adjoining face during the mold-
ing of said member, said adjoining face having
& recess extending to ang laterally open at an
edge of said contact member at a location appro-
priately remote from sald working face, said
electrical conductor having a termina]l portion
embedded in said contact member with said finely
divided material molded about said conductor,
the latter emerging from a wall of sald recess
and said recess being arranged to accommodate
the emerging conductor to permit it to extend
laterally out beyond the edge of said contact
member.,

4. The combination defined in claim 1, wherein

Sald conductive material in that portion of said

3. The combination defined in claim 2, wherein
sald powdered meta] is copper,

4. In combination, a molded electrical brush
having a molded-in shunt ang comprising a body
composed of a resin-bonded finely divided elec-
trically conductive material, said body having s,
working face and an adjoining face substantially
berpendicular thereto, said adjoining face hav-
ing a recess extending to and laterally open at an
edge of said brush at a location appropriately
remote from said working face, said shunt com-
prising a stranded copper cable having a ter-
minal portion embedded in said brush with said
finely divided materia] molded about said cable,
the latter emerging from g wall of saild recess,
Sald recess being arranged to accommodate the
emerging portion of said conductor to permit it
to extend laterally out beyond the edge of said
contact member, the portion of said brush ad-
Jacent saig working face comprising g resin-
bonded carbonaceous material and the portion
adjacent said stranded cable consisting of g
resin-bonded powdered metal, the layering of
sald carbonaceous material being substantially
barallel to said adjoining face of said brush due to
the application of bressure perpendicular to said
adjoining face during the molding of said brush.

9. The combination defined in claim 4, wherein
sald powdered metg] is copper.

HUGH N. VELEY.
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