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ABSTRACT

Three different kinds of brake discs including two coated brake discs and one steel
disc were tested under the same experimental conditions on a reduced scale braking test
bench. Braking test bench was specially designed to analyse thermo-mechanical and
frictional behaviors of two sizes of brake discs in stop and hold braking modes. And
Plasma spray coating technique was used to coat ceramic powder on the discs. In the
test four commercial brake pads were coupled with discs. Ceramic coated discs had
shown good stability in friction coefficient at high speed and high energy braking
conditions. But they caused large pad mass wear loss compared with the steel disc. It
was shown that thermal barrier effect in ceramic coated discs adjusted the thermal
partition between pad and disc. For a steel disc, it had shown fluctuating friction
coefficient at high speed but a little pad mass wear loss compared with ceramic coated
discs.

Key Words : high speed train, ceramic coated brake disc, thermal barrier effect,
friction coefficient, mass wear loss
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Fig. 1 A schematic diagram of a reduced
scale brake test bench

thickness : 0.3 mm

Fig. 2 The cross-section of the disc
and the commercial pads
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Fig. 4 Temperature evolution of the discs(disc2)
and the dehousse pads during the hold
braking test
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Fig. 5 Temperature evolution of the discs(disc2)
and the dehousse pads during the stop
braking test
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Fig. 6 Dissipated energy vs maximum temperature :
hold braking test with Becorit pad and disc2
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Fig. 7 Dissipated energy vs mean friction coefficient :
hold braking test with Becorit pad and disc2
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Fig. 9 Friction coefficient evolution during the
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Table 1. Size of brake discs Table 2. Size of brake pads
Discl | Disc2 pad Dltanr'{\ﬁer L(er'r‘\gt)h
Inner diameter(mm)| 85 85 CARBONE " o
outer diameter(mm)| 345 | 265 LORRAINE(G35)
BECORIT(BM40) 40 21
Thickness (mm) 20 115 DEHOUSSE(GMD) 40 24
JURID(721) 40 21
Table 3. Materials for tested brake discs and pads
DISC PAD
Name Metal Coating Name Materials
substrate materials
NiCr-Cr.C, S38C Cr:C.: 75% CARBONE bronze, graphite
( Cermet ) C 0.35%~041% NiCr: 25% LORRAINE(G35) silica, alumina
Mn :0.60% ~0.90%
Zr0,+Y,0, S38C ZrO;: 85% BECORIT(BM40) | ;100 copper
( Zirconia ) C :0.35%~0.41% Y,0s: 8%
rconia . ’
C:0.28%, Cr:1.25% no coating
28CDV5 Mo<1%, V<1% bulk steel disc | JURID{JURID721) Fe-Cu

Table 4. Properties of coating powders of ceramic coating brake discs

. L Coating Thickness Roughness (um)
Coating Powders Grain size (um) (mm) Ra / Rp*
Top NiCr -CrsC, 45 0.5 2.98/19.5

coating 2rO+Y,04 35 0.5 3.88/27.4
AlO3 2245 0.5 7.65/40.6
Bond | \icrary 45 0.3
coating

* Ra : average surface roughness of coating disc
Rp : peak surface roughness of coating disc
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Table 5. Braking test procedure for disci

TGV
TEST
E BRAKING TYPE| sPeep conTacTt| NORMAL | TORQUE
STEP SPEED || OAD (N)| (Nm)
() |
> 2 600
- LOW SPEED 18200 1:
STOP BRAKING|—7¢5 54 s
200 30
250 37.5
2 HIGH SPEED 300 45 600
STOP BRAKING| 330 495 566
350 52.5
3 |HOLD BRAKING| 300 45 25

* Braking time : 60 sec

Table 6. Braking test procedure for disc2

TGV

CONTACT

TEST NORMAL {TORQUE
BRAKING TYPE | sPEep | sPEED
STEP | (s |LOAD (M) (Nm)
1 LOW SPEED 18200 13 o
STOP BRAKING &0 2
200 30 666
60 9
HOLD 120 18
21.9
2 BRAKING* 160 24
200 30
12
3 HOLD 140 21 17
BRAKING* 21.9
25
HI
) GH SPEED 250 375 600
STOP BRAKING 666
HIGH ENERGY
5 | oD Braking=| 140 21 219

* Braking time : 60 sec

** Braking time : 300 sec
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