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Characteristics of Electric Signal Transmission according to
Relative Amounts of Graphite in Copper-Graphite Brush

Hyung Kyu Park

* Ho Jang

Division of Materials Science and Engineering, Korea University

Abstract—Electrical and tribological behaviours of a copper-graphite brush in a slipring-brush

assembly were investigated to evaluate the characteristics of electric signal transmission between a

slipring and a brush. Five brush materials containing different amounts of copper and graphite were

studied. The result showed that a copper-graphite brush at a particular graphite content exhibited the

most stable frictional and electrical behaviour suggesting an optimum amount of a solid lubricant in a

metal-graphite brush system. Microscopic observation and the surface analysis showed good

agreements with this phenomena. In addition, the deviation of the friction coefficient and electric

signal distortion has a close relationship with a microscopic mechanical vibration and the change of a

real contact area.
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Fig. 1. A schematic diagram of bulk electrical
interface[4]. ‘
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Table 1. The ingredients and physical prop-
erties of electrical brush materials used in this
work[vol. %]

Raw

CG95 CG80 CG60 CG40 CG20
Materials
Copper 95 80 60 40 20
Graphite 0 15 35 55 75
Resin 5 5 N 5 S
Hardness

3] 22 19 12 7
(HV)
Electrical
Resistivity 6 11 23 42 73
(1Qcm)

2 AYe 239 ASE Yo 59
3t 200°C oAl 550kgflem® & ¢H o2
20 ¥ AFEU Y BeA] AH
o A= A7 100mm 9 ©2F o
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Smin.

MIXING Mechanical mixer
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550kgf/cm’, 200°C
HOT PRESSING Hot mounting press

CURING .+

 »

200°C, 8hours
anical convection oven

Fig. 2. Manufacturing process of electrical br-

ush materials.
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(a) _
Fig. 3. Plunger-Brush type slipring-brush asse-

©)

mbly: (a) Magnetic coupling, (b)Brush holder

assembly.
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Fig. 4. A schematic diagram of signal distortio-

n measurement system used in this work.
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4
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Fig. 5. Pulse type input electric signal.
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Fig. 6. Friction coefficient and contact voltage
drop of brush (a) CG95(Cu
95vol. %), (b) CG80(Cu 80vol. %), (c)
CG60(Cu 60vol. %), (d) CG40(Cu 40vol. %),
(e)CG20(Cu 20vol. %).
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Fig. 7. Friction coefficient as a function of gra-

phite content.
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Fig. 9. The change of a real contact area

according to indentation depth: (a) Hard
material, (b) Soft material.

E @14 olf2E 599 #Fo] 37}
Fol e EW AA7(surface roughness)
o] Mg £ & Utk BY AN} F
SAFP uAe IS nFss] Y8

EW EE Z3AE Agse] 7 Adel
EW AYNE 54% 9 d4e R, &

Fig. 10 o YEPQUTE. AlHe) g{-FHo} 9l
T Zd9 gol Bold4E BUe A7)
7t #AAsY. E9L2 lamellar  layer
structure & 7FX 2 o, ZF 3 AYL
secondary bonding %1 Van der Waals A%<
olFx 7| wWEel A AY S 9
ME HA Aol EeEHE Aoz 4
A A7) wWEA, oF ZAgEe ZE
Fdo] £8¥YHY whF Ao EY(track)
& mWEtA T 7R 229 asperity Atol
o =X wel A PP EA

AR7)7F Holdl Aow wddn.
T ! T ! T

3=

Ra(um)
N

1 1 I ' I
0 80

Graphite Cnn;:nt(vol. %)
Fig. 10. Surface roughness(R,) of brush specim-

ens as a function of graphite content.
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Fig. 11. Fiction coefficient and contact voltage
drop of brush specimens: (a) CG95, (b) CG80,
(c)CG60, (d) CG40, (e) CG20.
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Fig. 12. Intensity of signal oscillation as a
function of standard deviation of friction

coefficient.
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Fig. 13. Standard deviation as a function of
graphite content: (a) STD of friction coefficient,
(b) Intensity of signal oscillation.

Qo] gl Frbgtel wel mlAASE
wHoz Faste AL Y=,

2L o



w}

o] ol F7tEel wet S83Eo] ¥
A o) Fojx7] wWEoZ Aztec)

A AZe] i wat At 23k
AEZL FojE0] A5 zlF(signal oscill-

2

Aase A%e YA,

&

;3

ation)

O00mm

2

X

N i 3
s 3 * * LI ¢ 5
P I 3 R 4
1Y 4 A
¥ e
J N 1 ! H gk
- 83 At A
1 X ’ PR RE &
! t £
A A 4 8.
3 o 17
| a 938 3
e DURD ¢ TRy
A L &
g 4 T 21 3
. T ¥ h
’ P 1
B 1% ek -4it )

2

)=

A5

|

9
AEo

h Y

So)

CG20(75 vol

)2 ot

Y%

CG40(55vol

9,1

Bg %5

& 3 P
N ! A 2
R K (!
ity : ; 2
. ]
" s, i
: 2
5 B e ;
o
N * A B 34
N ; 3 . v
) . - i N
2, N -
g3 X
¥ REEA
r N 34
) y4

{

3

DO0Omm

00mm

2

2.00mm

(e)-1

O00mm

2

K ; ¥
4.
1 y -
W | 3 i1y, b ¥ 4
‘s 531 K 3 . h'g i
5 h d 5,
X 1 i ! ! i
i b . ] i
1 : 4 A
Ve ! K
3 It -
¥ 3 B4 @ o
! f 128
] 4aF
q KI.ERE t 188
S8
5 o f
td 3L ) S LR IR HD 2

X

(b)-1

327



———

P a ) i ea————

. v, e
e

! a‘

00mm

328

X 8() — 2 ()Omm

(e)-2

Fig. 14. Surface morphlogy of brushes and a
slipring: (a)-1 CG95(Cu 95vol.%) brush, (b)-1
CG80(Cu 80vol.%) brush, (c)-1 CG60(Cu
60vol.%) brush, (d)-1 CG40(Cu 40vol.%) brush,
(e)-1 CG20(Cu 20Vol.%) brush, (a)-2 slipring
rubbed with CG95 brush, (b)-2 slipring rubbed
with CG80 brush, (c)-2 slipring rubbed with
CG60 brush, (d)-2 slipring rubbed with CG40
brush, (e)-2 slipring rubbed with CG20 brush.
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