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Friction and Wear Behavior of Carbon/Carbon
Composites for Aircraft Brake Material

Seong T. Woo and Jae R. Youn

Korea Advanced Institute of Science and Technology

Abstract—Friction and wear behavior of a carbon/carbon composite material for aircraft brake
material was experimentally investigated. Friction and wear test setup was designed and built
for the experiment. Friction and wear tests were conducted under various sliding conditions. Fric-
tion coefficients were measured and processed by a data acquisition system and amount of wear
measured by a balance. Stainless steel disk was used as the counterface material. Temperature
was also measured by inserting thermocouple 2.5 mm beneath the sliding surface of the carbon/car-
bon composite specimen. Wear surfaces were observed by SEM and analyzed by EDAX. The
experimental results showed that sliding speed and normal force did not have significant effects
on friction coefficient and wear factor of the composite. Temperature increase just below the surface
was not large enough to cause any thermal degradation or oxidation which occurred at higher
temperature when tested by TGA. Wear film was generated both on the specimen and on the
counterface at relatively low sliding speed but cracks, grooves, and wear debris were observed
at high sliding speed. Friction coefficient remained almost constant when the sliding speed or
normal load was varied. It is believed that the adhesive and abrasive components contributed
mainly to the friction coefficient. Wear behavior at low sliding speed was governed by wear film
formation and adhesive wear mechanism. At high speed, fiber orientation, ploughing by counterface
asperities, and fiber breakage dominated wear of the carbon/carbon composite.

o2 HE

1. M = el QT "3, A3 W, QT #A Fo AA A
Boll= &5 Sl

4/¥k4- B-8ha)) S(carbon/carbon composite)@t v} gbaE g 71EdA] oF 500C o)3}e] e
AR olFojal v M TRl ZAl(mat- 2xolA A AtstEe] Z1AH dAe] FAF A
rix) A BAag F3AZ S EE sadg 7kE Hie Fekde] <loh M ®ay/wi: XA E9
&l~(carbon fiber reinforced carbon)elirx 3o}, S5 22 EAL fA28H7] slsl e AskE-$ 1Y
olefgl whA/ebA EhalE & 2500C o] Ake] g 7lFel A A AslEe 43S Bgsior el
ME Aol 8] e} {25 Yerl @i 437 ea/ebs By g AsAE fJslds e

M dHER 3 viast vl EAe] -]
gl ZAE mEz - GEAle) Htetd, @
719 Bao)A tlazs) e g e e
AREE] AL oleh gk 'hay/Eb: BehAlEs Fabde

2 qrgsted WAl ARz S, 2o A Y
olo

Adol glol dA #AE RolA] wermz AF AR

62

WAbshehe 51e)(coating)sHe sk o 4 A (nhibi-
tor) & H7tste] maje] Wi FAATE B
sl sk

204) 7)ol o128 Ayl A s v nLs)
Sy wajola vhdA e D SEst v}
ool £xsl ZrlEw wAS vEelm MR



ghg7] Baola Mug wa/wbh Slae wid F v g 63

"3 Ad upe} F54 alANE, F5 Lud v
g A8 A vhEAlE, ela shay/ea &
g8 $oZ MEe] sti1]. Hele] A= vt
osle] FAole EHE FouRE HeuAR
upre] o] g WivjFog wEgoa EAE
A7 715E Za sk da|E Heelas
zpeffol vla)] Lol A H TS A RBIER 379
A5 F pAE ol gt ok HdivRE FF
slof skt H5F719 ¥4 o] & A *(emergency re-
jected take-off : RTO)Aloll+= H.#le]zx Aol ]2
227} 1300~1500C 74A) Al ofd ou=] F
TS 447 FE(oubell 12 Hdela t]A
9] vhEEW-S 1000C o4 A5ty olu vl
o] it 7)AA FAeAsrt glojof bHE AHe S
& = glc) BhAy/Er A Bl s 3374 Beela
ME2 AHed" A 254 vhd g vls) g
ol A 7z} 2eolar, P45 254, FA H7HE 40
%oll o]2w] o]o dlgk wiE wl wln EBA <7}
FEH T 9l

Haj7hA] ApHg-xke] BHolz gloly H tjaa
Eof Awlo] FARQ) 2NH7} AMGE] Shedl Al
A w2, A3 gk sk 5 delA Y
A2 d9Eq7] wfol s/ ek HAEst A
o] YAEZA] F-H t]AF(cast iron disk)el] gt
sti/eta S¥AE Byela =) @ibsiA A
Ha ogler, AFHel Aty @ vt olF
oj A3 9i{3].

ea/ekd B8 opA o slREAa 43
A& olhsle] BT HHo|ARS] §Ho
wabA| o) Foix3 glow, o] dFEelA B
et /eka B3k ge] vk o vlR x5 26 o}
Agd Az olae} 2t

S. Kimura, E. Yasuda 183 N. Narita[1]+ &b
A/ B g9 dx] &5(heat treat tempera-
ture), &AAS, UE, §¥ FeF WAy A
stelch vlE&-E mlaAlgel A9AA] gl A
FEFog ZrgPed olv w#ARdRY kEE
Qlste] adstwimr} wpR7]FE AwEldSE BT
£ Aeolw ATl whulHgch 2000C o4
Axjel gi/ebh B8] vt Fddt
(graphite film)o] FAE D vl @AF7} 04 o] 4ol
My datvir wyhigE, 04 oldtl A= Akgl viR
W7l Fo] 2wl QAR BaE o 2]

S. Awashthi®} J.L. Wood[2]& ®hi/ska -3

e o

28 7}zlal 8 & 8 (ring on ring) el AlA)

7] AFERAAAM AYsled=d, vy 25

Azl 2Ael BHola rhEwe] %7} ufe F&
|

276l Hiz BHRASE 06704 AL Mgl 4
= <]

ol 2 7] vbR §)ZHwear debris)ZH-E] wfmeto]
A=, ukEE vlAE qlsle] npmube] g4l ube]
(detamination) &4bo] HFAY 3= Zeleli A3t
[3].

B. Pu¢} Q. Huang[3]e L% 1.55-1.6 g/cm®, 2000
CE dxes e@ha/ebh Badasz 5 97 758
mm, 7 60.6mmel 2712] rotore} stator® <,
555 WA 7| A vl ol g Aol 8
kg/em?e] staElstoll A vl 4T F 2 m/soll A 6 m/sE

S pAASE 02914 0482 Z7bstalom 10 m/s
Ake) mlatE So M= npEAl e A9 Aok
%, AFFo Ao} niRgo] & mEF e v}
2 auch 1004 1008 W% 2 s 2E Aoz
Bty AE, AM3kEal Aol uhE ¥ oetEe
2o} ghede] ghpol I3, Aol A ut Faidto]
A=l 7hatA SAgo g Welr o] Frlshes
Aoz dA=qlci5].

E. Fitzer®} W. Fritz 222]3. A. Gkogkidis[ 4]+
olupslr 2ubsk ebA/ebA BB R vlokd odxg
25 A% 28, 4 wid(fiber orientation)E 7}
A= AlH-g Addste] vl W otn Y-S 3=
vl gFzte] 40°, 120°o0 4 #Hwighe] vz} wiRs) &
AEs eBgdAF e HA4g Jeplgich = o
2] =7t Z713bl el vpEs) ol 3hAEked
<l ole Zistr} F7hgtel wpel o 2HE abrasion
effecty7} #rastm ol olmule] §SAEwI} 7}
gle] el AAJo g ddsieict Hdi & F
7hell medxde vhaw vlRE Ags Jeplidch

R.C. Bill[5]& <oA% Es}el4] w4 Z(carbon
material)®} Z}Hv] A~ =(steel disk)el o] A3
A3} np@AASE 0.13~0169 7 I e A
QAL 571 £715Hel wetb vhaA| o) skl
vpgme] 2xAteo Qg HtEe T4 wifE
o2 Arslgick

Br/ed E3ARe] Az saHRE AL
8-3}o] ojg]7}A] W © 2 Preform$ AzHgF F =
(matrix) 24 53] & AH8-dte] F2]& A= whyd

Vol. 9, No. 1, 1993



64 40 -

Infiltrston

Fig. 1. Manufacturing process of carbon/carbon com-
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Fig. 2. Schematic diagram of experimental setup
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