B —R 77 OBEBERBIC X 5
REL S 78 T 25 B D Bt

T 2", sHE 5%, NG,
ZOEATT, AR, WTETTT, O T,

(REAI634FE 8 H31H 5% 2E)

Evaluations of the critical current density

of carbon brush by thermal shock testings.

Sennosuke Sato*, Akira Kurumapa*, Kiyohiro Kawamarta®,
Lee Jae Ki**, Noriyoshi Takauasur***, Nobuyuki Yamasmrra***, Yasuhiko Suou****

Abstract — A brush for a rotaing commutator collects a large current on the sliding surface and
therefore generates localized heat where surface contact takes place. This produces wear and roughness
which are caused by a number of complex factors.

In this investigation, particular attention was paid to the fact that the electrical mechanical contact
between brushes and commutator surface is localized contraction contact. An attempt was made to analyze
the fracture mechanics of the collected critical current density that leads to thermal breakdown in the locally
heated areas and their peripheries. The collected critical current density is expressed as a function of the
thermal shock resistance parameter A(=o, * k/F - «) and the thermal shock fracture toughness parameter
V(=Kic - k/E - a) where ot is tensile strength, % is thermal conductivity, E is Young’s modulus, « is
thermal expansivity and K is the mode “I” fracture toughness.

The collected critical current densities found for various brushes from the test results obtained when
these parameters were applied correlated well with actual performance data.
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Fig. 1 Experimental curve of contact drop brush-C
and the approximations by equations (2) and (3)
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Fig. 2 Transient distributions of temperature and
thermal stresses in a thick disk.
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Table 1 Physical properties of carbon brush
specimens.

R Specimen
Properties T ] C D

Yy (g/emn®)[1.53 1.71 [1.65 {1.74

Density
Electric resist. o (u Q-cm){1700 ;1100 |5600 [4000
Bending strength oe( MPa )j12.7 }38.2 ;25.5 [36.3
shore hardness Hs 217 46 i85 162

Table 2 Testing condition of wear rate of carbon
brush by a commutating proof acceralation
testing apparatus.

Testing condition
Commutator revolution speed !
i
|

40 m/sec
20 A/cm?
0.38kgf/cn?

Current density
Holding load
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Table 3 Experimental results of carbon brush.

Graphite A B C D
Yy (g/cn®)|1.53 |1.71 |1.65 [1.74

Young’s modulus E ( GPa )}4.06 |4.04 j4.62 [4.93
Bending strength 6 o( MPa )|12.7 139.2 125.5 [36.3
Diamental com. strength
o u<( ¥Pa )]5.33 |11.5 {13.9 |17.2

Density

Fracture Toughness
mode I Kyc (MPa-m*/2)|0.48 ;0.73 |0.61 i0.68
mode I Kpc (MPa-m*/2)|0.63 10.81 10.74 |0.78

Kic / Kic 1.31 }1.25 j1.21 |1.16

Thermal diffusivity x (am®/s)|108 {110 |35.3 ,42.8

Thermal shock resistance

PaN ( Wem Y342 1085 {80.1 79.6
Thermal shock fracture !
toughness v (W/ca*’%)J112 |99.5 140.5 {35.1

Half crack length ! |
Ce ( cm )i0.03 {0.003{0.08 ;0.06
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Fig. 3 Thermal shock resistance of carbon brush
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Fig. 4 Thermal shock fracture toughness of carbon
brush specimens.
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Fig. 5 Wear rate as a function of critical current
density.
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Table 4 Constants used in calculation.

&, Concentration factor of h-spot area 0.1

&> Concentration factor of a-spot area 0.1

&5 Stress intensity factor 0.707

£+ Ratio of fracture toughness Kue/ Kric

T . Non-dimentional max shearing stress 0.0285

o eo Non-dimentional max hoope stress 0.016

v Poisson’s ratio 0.2

£ Coefficient of friction 0.2

p v Multiplication of pressure p and
Velocity v ( kgf-m/cm® sec ) 15.2

b  Width of carbon brush ( cm ) 1.0

C  Half crack length (em ) Ce

J_ Heat equivalent of work(kef mw-sec)0.102
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Table 5 Calculated result of the crmcal current densities

for the relation ; V,=v,

l/nl

Constant Thermal shock Critical current density
T parameters — E—
Specimen| w1 | D1 | Va1 | M1 1 imax 1 imax
| A v (A/cm®) (A/cm?)
+ () — (0 1(W/em) ((¥/em*’2)| + — + -
A 0.61{5.90}0.480!3.17 342 112 243 159 | 222 |146
B 0.10/1.260. 12311 2911085 99.50 172 161 | 178 |185
C 0.59!3.11/0.370:1.87; 80.1 | 40.50 39 31 40 32
D 0.35]2.47,0.300;1. 84. 79.6 | 35.10 44 34 46 | 36
(*) 4+ and — mean the positive and the negative brush, respectlvely
Table 6 Calculated result of the critical current densities
for the relation ; V,=v, « i « exp {m,(Logi,i)?}
T T T
! | Thermal shock | Critical current
| Constant i parameters ! density
i [ T . I —
Specimen| v 2 Nz fla V2 | N2 mn2 VAN A\v4 1 max 3 1 Imax
a | (A/cm?) (A/cm’)
+ %) | = ) (/em) [ (Wemr )| + =
A 0.18{1.00}-0.62:0.2570.791-0.39} 342 | 112 1306 176 “63 138
B 0.08]0.82/-0.02 0.08!0.94!-0.09{1085 | 89.5 |180 ‘162 187 {168
C 0.2210.99:-0.58 0.1610.83|-0.14| 80.08 40.5 40 ; 31 | 41 | 32
D 0.1711.05{-0.66;0.19i{0.93,-0.371 78.62 35.1 46 | 34 49 36
(*) 4+ and — mean the positive and the negative brush,respectively
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