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The friction and wear properties of 2-D Carbon-Carbon
Composites

Hyun-kyu Shin*, Ik-Hyun Oh*, Hong-Bum Lee*,
Jeong-Hyun Park*, Hyun-cheol Park*, Woo-Cheol Choi*, and Kwang-Soo Kim

ABSTRACT

This present paper reports the tribological properites of two dimensional carbon-carbon(C-C)
composites, reinforced by PAN fiber, 8 H/S carbon fabric, and densified by pitch derived carbon. An
experimental investigation was made of the effects of carbon fiber pregraphitization temperature,
densitification process parameters, kinetic energy loading, and friction surface morphology on the
tribological properties of C-C composites. Experimental results indicate that graphitization temperature of
carbon fiber, pressure application during densification process, fabric exposure on the frictional surface,
and kinetic energy loading strongly affect both coefficient of friction and wear rate. It was also found that
the friction coefficient decreases but wear rate increases with increasing kinetic energy loading.
Furthermore, the wear rate and friction coefficient are strongly dependent not only on the PV(P:pressure,
V:sliding speed) value but also on the kinetic energy loading. The influence of fabric filler exposed on the
frictional surface was found to have a dominant effect on the coefficient of friction and wear rate.
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Fig. 1. Scheme of the processes taking place during friction of
C-C composites.
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Fig. 2. The manufacturing process of C-C Composites.
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Table 1. The different fiber graphitization temperature,densifi-

cation process technique and fabric exposure on the
friction surface of specimens

Sample
Type Tyl
Process Technique

Type | Tyge | Type | Ty

Ta | 1o | 1o | 1o [P0 [T

Fiber graphitization
Temp(T)

The No. of C/C Composites
Graphitization

2000 1 2400 1 2400 | 2800 | 2800 | 2400 | 2400

The expose of fabric o
the friction surface(%)
Manufacturing Process | VIAC| PIC | VIAC | PIC | VIAC | VIAC | VIAC
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where: Apnen @ kinetic energy of test bench fly-
weights (desigened friction work)
Kioss : energy loss factor
km : coefficient of non-linearity of bench
shaft rotation velocity alteration during
braking
P o axial load
Rave : average radius of friction
Tave : average times of braking for volume
of testing
Jin : bench shaft rotation speed when brak-
ing starts, rpm

2
JYSNEE R, o

where: J : moment of inertia of flyweights mounted
on bench shaft
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Fig. 3. Small friction dynamometer and schemetic drawing of
test sample

Table 2. Dynamometer test conditions

Sample No.

Relative Energy Mode | | Mode T | Mode I | Mode [y | ModeV

Initial pm(at zero time) T000 | 6000 | S000 | 4500 | 4000

Disk Interface Pressure(Kg'e) | 8.0 130 12 12 12

Kinetic Energy(KJ) 110 00 | 732 ] 6L | 468
PV Value( X 10Kgm™s™) 188 261 | 1207 | 108 | 965
Stop No. 50 50 30 50 50
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according to densification process
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Fig. 5. Microstructure of C-C composites in cross sectional area (a) Type 1, (b) Type I -a, (c) Type I-b, (d) Typell-a, (e) Typell-b,
{f) Type N
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Table 3. Density and thermal conductivity of C-C specimens

Type | Tyb| Type | Type ! )
Typel| = | ) Type f (Type ¥
P e e o 7P
Density{g/cc) 176 | 183 1 165 | 187 [ 178 1 170 | 184
Themnal Conductivity(w/m.k}
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Fig. 6. The friction torque curve of Type [ specimens
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Fig. 9. SEM micrograph of friction surface (a) Type [ -a, (b) Type [-b, (¢} Typell -a, (d) Typell-b
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