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Evaluations of the critical current densities for metaric —graphite

brushes by means of thermal shock testings.
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Kazuo Tawara* Nobuyuki Yamastira®’,Yasuhiko Sxo™,

ABSTRACT —In this study, a particular attention is paid to the fact that the electrical and mechanical
contacts between a brush and a commutator surface is a number of localized contact. Then the critical
current densities that lead to thermal stress fractures in the locally heated areas and the periphery are
driven analytically by means of fracture mechanics approach. A equation of the critical current density
involves material properties of the thermal shock resistance parameter A(= 0.k “E a ,Where o, is tensile
strength, k is thermal conductivity, E is Young's modulus and a is thermal expansivity). Another eguation
involves the thermal shock toughness parameter V(=K ,c k,/E « , where K¢ is the mode I fracture
toughness). The critical current densities were calculated for four kinds of metaric—graphite brush
materials using the nonlinear properties of voltage drop and the thermal shock resistance and the fracture
toughness determined experimentally. The calculated critical current densities are correlated well with data

of wear rate in the different conditions of practical operations.
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Fig.2  Simulation of local heating of sliding face
of brush by a thermal stress problem of a
thick disk heated at an eccentric position

on the end surface
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Table 1 Physical properties of metalic—graphite

brush specimens.

| Specimen

[H-300{H-302{H-305]H-307
Copper content ¢ wt% )| 85 [ 72.5] 45 26.5
Density v (g/m? )! 5.74) 4.387 2.95, 2.21
Electric resist. p (uQ em)i B ; 18 570 | 940
Bending strength o+ HPa )| 48.0 23.5) 30.4] 215
Shore hardness Hs ; 10 |14 | 18 23
Young’s modulus E ( GPa )| 41.2{ 22.1| 22.1| 27.0
Coef.of friction f 0.15 [0.15 |0.18 0.15
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Fig.4  Calibration of heating efficiency of metalic—

graphite brush.
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Table 2 Experimental results of metalic—graphite
brush.

Hetalic—Graphite H-300 H—BO??H-BDS H-307
Bending strength . #Pa )| 78.1} 25.6! 35.1] 28.8
Deflection in bending

testing S5 (mn

)| 0.85] 0.42: 0.13] 0.14

fracture Toughness

mode I Ky (MPa-m*/2)| 0.88! 0.30! 0.42| 0.490

mode I Kgc (MPa-m*72)} 1.07) 0.42] 0.61| 0.83

Kic /. K1c 1.2 { 1.4 { 1.5 | 1.6

Thermal diffusivity « (am?/s)| 77.41 53.0| 62.8; 35.4

Thermal shock resistance

A0 ( Yem )| 364 352 293 158

Thermal shock fracture

toughness v (%/cm*/2)| 278 | 252 | 246 | 136
Equivalent crack length

Ce=(v/a)*/n ( cu

)]0.18 0.16; 0.22} 0.33
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Fig.8 Relations between wear rate and current

density tested for H—302 and 305.
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Table 3 Constants used in calculation.

£: Concentration factor of h-spot area 0.1
£ 2 Concentration factor of a-spot area 0.1
£ Stress intensity factor 0.707
£ 4 Ratio of fracture toughness Kuc / Kic
T . Non-dimentional max shearing stress 0.0285
G oo Non-dimentional max hoope stress 0.016
v Poisson’s ratio 0.2
p v Multiplicaticn of pressure p and

Velocity v ( kefm/cm®sec ) 6.2
b ¥idth of wetalic-graphite

brush ( ca ) 2.0
c Half crack length (em ) Ce(*k)
) Heat equivalent of work(kgfm/wsec) 0.102

‘x,;7e is equivalent crack length.

KPP THAPRER  #38%E (1990
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Table 4 Calculated results of the critical current

densities for the relation; V= v ,i""

Constant Thermal shock Critical current density
parameters
Specimen| v n| v n T aaxcwy T maxcay
' v iy (&/cn?) (A/cm?)
+ (%) — (%) |(W/ea*’2)| (¥/cm), + - + -
H-300 0.02271.4 |0.020(1.5 278 Jj64 185.77228.31192.31236.7
H-302 (0.053]1.5 |0.047]1.9 252 352 138.6/235.9,129.2(218.6
H-305 0.13 1.8 |0.12 [1.3 246 293 84.3, 45.6) 75.2} 55.3
H-307 0.21 |1.8 |0.46 |2.4 156 158 51.8, 43.9} 44.5| 37.2
(*) 4+ and — mean the positive and the negative brush,respectively
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