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Effects of the Relative Amounts of Graphite and Antimony
Trisulfide (Sb,S;) on Brake Performance of Non-asbestos
Organic (NAO) Type Brake Linings

Seong Jin Kim and Ho Jang'

Department of Advanced Materials Engineering, Korea University

Abstract — Tribological behavior of NAO type brake linings containing different volume ratios of graphite and
Sb,S; was investigated using a scale dynamometer. Three different test modes consisting of stop, drag, and fade
tests were employed to elucidate the effect of the solid lubricants on brake performance. Results of this work
showed that the two solid lubricants, graphite and Sb,S,, significantly affected friction characteristics at various
braking situations. Compared with the brake linings containing a single lubricant, the brake linings containing
both solid lubricants showed better friction stability due to the synergistic effect of the two disparate lubricants
during the stop and the drag test. In particular, in the case of containing two solid lubricants, the brake lining
with higher contents of graphite showed better fade resistance than others.
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Table 1. The NAO formulation of the brake linings
investigated in this work [vol.%]

Ingredients 9G 6G3S  3G6S 9S
Graphite 9 6 3 0
Sh,Ss 0 3 6 9
Phenolic resin 20

Aramid pulp 10

Rockwool 5

Potassium titanate 15

Copper fiber 2

Cashew particle 15

Rubber particle 5

ZrSiO,

Ca(OH), 3

BaSO, 12
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Fig. 1. SEM micrographs of (a) graphite and (b) Sb.S;
used in this work.
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Fig. 2. A schematic diagram of the scale dynamometer
(Link® Model 1200).

A: Hydraulic pressure, B: Torque transducer, C:
Specimen chamber, D: Slip-ring assembly, E: Inertia
weight, F: Main driving motor.
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Table 2. A scale dynamometer test procedure used in this study

Number of applications: 100 stops, Speed: 80 kmvh (22.2 my/s), Deceleration: 0.34G, Initial brake

1. Burnish temperature (IBT): 100°C

2. Stop test Pressure: 1, 2, 3, 5, 7 MPa, Speed: 80 km/h (22.2 m/s), IBT: 80°C

3. Re-burnish Number of applications: 5 stops, Pressure: 3 MPa, Speed: 80 km/h (22.2 m/s), IBT: 100°C

4. Drag test Duration: 10 sec, Pressure: 3 MPa, Speed: 5 (1.4), 10 (2.8), 20 (5.6), 40 (11.1), 60 (16.7), 80 (22.2),
100 km/h (27.8 /s), IBT: 80°C

5. Re-burnish Number of applications: 5 stops, Pressure: 3 MPa, Speed: 80 km/h (22.2 my/s), IBT: 100°C

6. Fade test Number of applications: 15 stops, Interval: 60 sec, Speed: 100 km/h (27.8 m/s), Deceleration: 0.4G,

1st IBT: 80°C
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Fig. 3. Change of average friction coefficient as a
function of applied pressure during stop test.
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Fig. 4. Change of friction coefficient during stop test at
1MPa of applied pressure. The brake linings 9G and
9S show anti-fading phenomena at the end stage of
stop.
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Fig. 5. Change of average friction coefficient as a
function of sliding speed during drag test.
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Fig. 6. Change of friction coefficient during drag test
at 1.4 m/s of sliding speed for the brake linings: (a) 9G
and 6G3S; (b) 9S and 3G6S.
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Fig. 7. Change of friction coefficient as a function of
disk temperature during fade test.
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Fig. 8. Changes of friction coefficient and disc
temperature during 10th fade test for the brake lining
3G6S. The fade amount was obtained by measuring
the difference (Aw) between the steady and minimum
values of the kinetic friction coefficient.

Vol. 17. No. 5. 2001



356
0.14 4 T T T
o2l o e e * ]
010 |- §
I L J
F oo
006 | 4
0.04 |- e
W 5 —A— 663
| —@— os —@— 3c8s

0.02 . -
10 11 12 13 14 15

Number of application

Fig. 9. The change of the fade amount as a function of
number of application during 10th~15th fade test.
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Fig. 10. Worn surface showing a morphology of the
friction film on the brake linings (a) 6G3S, (b) 3G6S,
and (c) 3G6S (in the higher magnification of specified
area in (b)) after friction test.
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