A5 88H3) 2)(1994), A 10W A 4%
Journal of KSTLE(1994) Vol. 10, No. 4, pp.13~26

E|
b

MAZZ

Rz 8

A5,

Bt ZEAEO| Ofy ¥ 0lR AHE
loil | &R0l 2t

B

—,—

&1
. ﬂg‘lg***

gt Afangab s

R REEE RIS

Friction and Wear Behavior of Carbon/carbon
Composite Materials and its Application
to a Neural Network

Byeong J. Ryu*, Jae R. Youn** and Ick H. Kwon***

*Samsung Heavy Industries Co.,

Ltd.

**Depariment of Fiber and Polymer Science, Seoul National University
*R&D Center, Chemicals Division, Cheil Industries Inc.

Abstract —Effects of resin contents, number of carbonization, graphitization, sliding speed, and
oxidation on friction and wear behavior of carbon/carbon composite materials were investigated.
Friction and wear tests were carried out under various sliding conditions. An experimental setup
was des. ~ed and built in the laboratory. Stainless steel disks were used as the counterface mate-
rial. Friction coefhiciens, ‘emperature, and wear factor were measured with a data acquisition sys
tem. Wear surfaces were observed by the scanning electron microscope. It has been shown that
the average friction coefficient was increased with the sliding speed in the range of 1.43~6.10 m/s,

but 1

as decreased in the range of 6.10~17.35 m/s. Specimens prepared by different numbers

of carbonizatior. showed variations in friction coefficient and friction coefficient of the graphitized
specimen was the highest. Friction coefficients depended on contribution of the plowing and adhe-
sive components. As the number of carbonization was increased, wear factor was reduced. Wear
factor of the graphitized specimens dropped further. In the case of graphitized specimens, sliding

speed had a large influence on wear behavior. When the wu:.

‘~mical experiments were conducted

in nitrogen atmosphere, the wear factor was decreased to two thiras £ the wear factor obtained
in air. It is obvious that the difference was affected by oxidation. Results of ...**~n and wear
tests were applied to a neural network system based on the backpropagation algorithm. A nc..!
network may be a valuable tool for prediction of tribological behavior of the carbon/carbon compo-

site material if ample data are present.
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Fig. 1. Schematic diagram and pictures of the experimen-
tal set-up.
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Fig. 2. Pictures of the experimental set-up with nitrogen
environment.
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Fig. 3. Schematic diagram of thermocouple installation.
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Fig. 4. Block diagram of friction and wear experiments.

Experiments] Set-up

C/C componite

Table 1. Variatioin of density and apparent porosity
after each processing step

Density (g/cm®)

Resin contents 26%wt 33%wt 39%wt
Green body 1.56 153 1.49
1% Carbonization 1.40 1.37 1.36
2 Carbonization 1.52 153 1.42
3 Carbonization 157 152 1.48
4" Carbonization 153 1.55 1.53
Graphitization 1.50 1.49 -

Apparent porosity (%)

Resin contents 26%wt 33%wt 39%wt
Green body 124 148 2.50
1%t Carbonization 17.48 19.85 20.10
2" Carbonization 10.58 11.96 12.68
3 Carbonization 7.95 5.11 11.98
4" Carbonization 6.64 8.13 12.34
Graphitization 8.10 891 6.03

g vha g eprAEs AG s Egedle] Hgol FF AT
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clothyelc}. A2+ &8 AHE-slgc). A §teke]
26 wt%, 33%, 39%4] 7}7}+e] green bodyE 1x} b3}
ACA A, A4 FHYE o8-8 2, 3, 43} &F3K2,
3, 403tk 18] Fosls sl e
FAE AR AlHed BAAE Table 1, 29 vjehi
Aok 2] AH S&vie] A#g nAsr] gty
TR Y3 wHFAH SR, Sdshel we), 7t
718 AlH-E 10X 10 mm?e. & Aghslgic) A upz
Hel AEEE 2 AdHA7HSUS 304)8 AHEsdE
d, A7 370mm, ¥4 10mm, E¥ AL 350
mme| ik A vpak 5w v) Ao duiAlR
Avtstd om, AlH3z} A wlEde] Az olRs
A&l B2l rlddT 3 A4 a(hexane) o2 A
stoloh vl 45%(143, 6,10, 17.35 m/s), T =F
(26, 33, 39 wt%), 1e] 2 FAA(I335, EA3}
=9 W v 9 osluAEdd vHe dgs
gtetslz] $isted, 7k Aldeie} ARE ek
AlHe] FHe TATEl 26 wt%olx 1, 2, 3, 47
B A3 A Fdsis]l A9, 33wt%) 1, 2
3, 43 wtslel Hoi3l, e 39wt%) 1, 2, 33}
EFstAlH o} Bl st B9 147FR]olc). 918 1.06
MPaz nA3sl3, vjny4s W o A3
Fatgd+=d 143 m/s, 6.10m/s, 17.35 m/sE 3} =
%, F%, A&l ol Bl vl AE-S AR gt}
7+ Agel #gFAe)i 10kmB shdv) 7+ Age
e aiste] 1 Hd4ghd sk b
B A(calibration)® oA xHE] & wlalee] Als
(38 Zsto® vl E A/DHEY]e AR o) E

Table 2. Physical properties of the specimens with different resin contents after each processing step

Resin contents: 26%wt G/B 1C 2C 3C 4C G
Flexural strength (MPa) 460 384 35.7 34.8 34.3 92.0
Flexural modulus (GPa) 52 32.2 439 418 454 42.0
ILSS (MPa) 24 - 35 26 3.9 7.5
Resin contents: 33%wt G/B 1C 2C 3C 4C G
Flexural strength (MPa) 420 40.2 424 38.7 41.8 89~124
Flexural modulus (GPa) 46 28.2 41.6 41.7 48.9 45~54
ILSS (MPa) 21 2.7 38 3.6 4.2 04~71
Resin contents: 39%wt G/B 1C 2C 3C 4C G
Flexural strength (MPa) 380 425 34.5~381 384 37.2 80.8
Flexural modulus (GPa) 43 294 39.9 410 451 46.9
ILSS (MPa) 20 2.8 32 4.3 3.8 6.3
Vol 10, No. 4, 1994
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Fig. 5. Average friction coefficient as a function of sliding
velocity for different specimens.
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Fig. 6. Average friction coefficient with respect to sliding
velocity for different specimens.
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(a) 39 % wt Graphitization, sliding velocity : 1.43 m/s

143 nvs

(b) 33 % wt 2C, sliding velocity :

Fig. 7. Scanning electron micrographs of wear surface
of the carbon/carbon composite specimen.
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(b) 33 % wt 4C, sliding velocity : 17.35 m/s

Fig. 8. Scanning electron micrographs of wear surface
of the carbon/carbon composite specimen.
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(a) 33 96 wt 4C, sliding velocity : 6.10 m/s
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Fig. 12. Scanning electron micrographs of wear surface
of the carbon/carbon composite specimen.
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(b) 26 % wt Graphitization, sliding velocity : 17.35 m/s

Fig. 13. Scanning electron micrographs of wear surface
of the carbon/carbon composite specimen.
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Table 3. Data sets used for learning (1-36) and testing
(3742) of the neural network

Resin | Density | Sliding | Wear factor | Friction
contents | (g/cm®) | velocity [(X 10 “*g/Nm)|coefficient
(%) (m/s)

1] 26 140 17.35 5.568 0.378

21 26 140 143 6.073 0.465

3 26 152 17.35 3.052 0.465

4 26 1.52 143 2.216 0.446

5 26 1.57 17.35 1.061 0.356

6/ 26 157 6.10 0.722 0.254

7 26 157 143 0.526 0.401

8| 26 153 17.35 1.753 0.482

9 26 1.53 1.43 0.864 0437
10 26 1.50 17.35 0.183 0.339
11| 26 1.50 6.10 0.136 0.383
12| 26 1.50 1.43 0.069 0.359
13 33 1.37 6.10 3.285 0.353
14 33 1.37 143 3.693 0.528
15| 33 1.53 17.35 9.036 0.288
16 33 1.53 6.10 2.330 0.290
17 33 153 143 2.491 0475
18| 33 1.52 17.35 1.573 0.463
19/ 33 1.52 6.10 2.184 0.233
20, 33 1.52 1.43 0.596 0.280
21 33 1.55 6.10 1.305 0.256
22) 33 1.55 1.43 0.521 0.370
23] 33 149 17.35 0.296 0.490
24, 33 . 149 6.10 0.234 0.312
25 33 149 1.43 0.161 0.409
26 39 1.35 17.35 3.101 0.425
27) 39 | 135 6.10 3919 © 0405
28 39 1.35 143 2.202 0.488
29 39 1.50 17.35 3.807 0.459
30/ 39 1.50 6.10 9.988 0.261
31 39 1.50 143 2.167 0.380
32 39 149 17.35 1.633 0.250
331 39 1.49 6.10 1.558 0.246
34; 39 148 17.35 0.232 0.514
35 39 1 148 6.10 0.152 0.379
36 39 . 148 143 0.098 0.515
371 26 140 6.10 35.018 0431
38| 26 152 6.10 2821 | 0387
39 26 1.53 6.10 27.293 0.286
40 33 1.37 17.35 26.838 0.298
41 33 1.55 17.35 1.426 0.273
42 39 149 143 1.446 0.501

0.2%) wol v]gtsz dlole]of gt 2 x}7} H¢ic) Ta-
ble 4ol J=e] xHH 1o W& AP dstsl 2174
slzuke] &3 a5 veludch exjel ¥
A7F 1~173%74A ¢ st velytet. o) = Fig 17
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Table 4. Error of the estimated output vs. test data
] o Friction coefficient
Experimental conditions Aver. | Max. | Min | Estimated valve (NN Crror(%)
26% 1C(1.40 g/cm®) 6.10 m/s| 0431 0.479 0.341 0.646 50
26% 2C(1.52 g/cm®) 6.10 m/s 0.387 0.500 0.305 0.132 66
26% 4C(1.53 g/em?) 6.10 m/s| 0.286 0.298 0.274 0.183 36
33% 1C(1.37 g/cm®) 17.35 m/s| 0.298 0.314 0.281 0.497 67
33% 4C(1.55 g/cm®) 17.35 m/s| 0273 0.279 0.267 0.559 105
39% 3C(1.49 g/cm?) 143 m/s 0.501 0.509 0.493 0.386 23
Wear factor (X 10 %g/Nm)
26% 1C(1.40 g/em®) 6.10 m/s| 35.018 40.034 26.475 0.701 98
26% 2C(1.52 g/cm®) 6.10 m/s 2.821 2.868 1.956 2.202 22
26% 4C(1.53 g/cm®) 6.10 m/s| 27.293 29.058 24.888 4.643 83
33% 1C(1.37 g/cm®) 17.35 m/s| 26.838 28.235 20.733 26.570 1
33% 4C(1.55 g/cm®) 17.35 m/s 1.426 1.679 1.176 3.893 173
39% 3C(1.49 g/cm?) 143 m/s 1.446 2.138 1.407 1475 2
1 N = - = -
o A& 53e] @Al sl A A gotsly)
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Fig. 17. Estimated values of the unlearned data by the
neural network compared with the experimental resuits.
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