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Effects of Humidity and Structure on Friction and Wear Properties of
Carbon Fiber/Epoxy Composites

Hyun Hae Shim*, Oh Kwan Kwon*, Jae Ryoun Youn**

*Korea Institute of Science and Technology
**Korea Advanced Institute of Science and Technology

Abstract— Friction and wear behavior of a unidirectional high modulus carbon fiber reinforced epoxy
composite exposed to high and low humidity was experimentally examined with various sliding speeds.
The results show that the moisture at the sliding surface greatly influences friction and wear proper-
ties of the composite. It is also discoverd that the difference in friction and wear behavior between
samples with different fiber orientations is mainly due to the anisotropic properties caused by the
microstructure of oriented graphite crystals in the carbon fibers and the macrostructure of fiber orien-

tation in the matrix.
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Fig. 1. Three fiber orientations of unidirectional compo-

sites with respect to sliding direction.
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Fig. 2. Schematic diagram of the pin-on-disk set-up used

for friction and wear tests in the experiment.
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Fig. 3. Wear factors of the composite varying with slid-
ing speed for each humidity and fiber orientation.
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Fig. 4. Friction coefficients of the composite varying with

sliding speed for each humidity and fiber orien-

tation.
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Fig. 5. Temperatures rise ]| mm beneath the center of com-

. posite friction surface varying with sliding speed for
each humidity and fiber orientation.
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Fig. 6. Schematic three-dimensional structure of carbon

fiber.
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Fig. 7. Microgaph of the abraision of transfer film on the
counterface (disk) by the sliding contact with fibers

orientated in normal direction.

Fig. 8. Microgaph of cutting wear type wear debris, formed
from the transfer film on the counterface, cut by

fibers on the pin.

Aol vheh vhe} 28, 2(chip) 8 4kel vha Q] <ol
wol WAl wela, by Afs) opd 457} )
@A A vhehd ge] ldH® o7l g
Aol wheio] Shat ool Asstat Ay dve} o
g} o] A%e] 94 vhE Lxs) wo} opauiel
agol Wag Hawe FET e LA Huts

FAE # A7) AR A0 Absse, £y ol e

AatE L], ol AW o] vhgme) Salow
o Aol olFo] g vhawie] hsto] Hsld| shg
s A Fiol w8 44 ¥ VR FraAA 4L
ol L o 4 glck wel wakw, £ whg %4
zﬂh Ixjebs 3 Ol Fyata, 94 AeFgIsel o

W99 ol ARTEe] npuel HGEs 4

66



B wlde & 4 9ed o4 ¢ Utk
AR 2R ef v]A] A FaelA B, F AR

shaaio] Mejol7] 418 WolA o] whatol} Yut
ol A ohE wbrb §1e Aelch tigel, 44
AR ANA 714 me BEiohE, 469
A4 Rwr} ¥omw el wee] vl Qe 4
D T P A
e FY Ssrer @ dojuA we dolmz
obw A5 srolob @ Zolth AlA|Z, Tsukizoest

Ohmae®| B33 93, 4% shi 4§ B4

Azl HE dol o] Yt Wpuch e upu
5% behiglth oleld ST FHTZVHE

AL U 2kl ehd vk dol Aol .
He gguch ¢4 F vhd 15 vhebd Apde]

[
WS e oF 49 F AL e
o £, Fale) vjshEa wrie] ol 44 u)

Al oy ggel v ol Fol HgHow sl
AR whold & 5 ok whE LR o Eel 9

she, AHE obR Lolrk AEF AHEYS ohw
27} AT o) Mol A B, Aol W) Ayt

HREd) mha were] obx Yot wauch 49E
vbE ol7t A 7hs o] FomE AHEYol vhu
L2} Fobram, kA AFHAFel el Wrhy
Aok @A, AAReR nhd A5}
Foha whe, e ggel A9E vhad wgow
g vle e o) o2 olo 5k ggnch 4AE
shg Zolsh gl ARENS mhy L8 o] w
gad ted Mad 4ds oy dvel e
Akl b3 o Hesh MEdas) a3l
of o158l sl AEel & Holw ool §ET
BEES o) e A shEe] aeA PER 3
HEg Axmz A upae] Weld e v
geb, dAHoE ok x47) srelalch oleldh
& A el 4o Asel® 149 4 sl
SR e A% nbE wees HeET o=

wedge] sl Held Hg wras

Aol 4

27F At E

Fig. 4] v} Al 2 xtel *1 Mol #x
o] wha Al e Y WBo) *"‘5} ol& <
Z upadel A Ao ]’—‘1"”"11 FHE FHel 2

%3 olzd X B (adhesive component of friction) o]

2A 4shy] ez Atggch Adut g=rb ¢
g L alg 2 Fol vldste] wp JR}Ee]

o
WD, oS Tl ¥ AER YA ws

1=
=

o], &

67

W, § ohase) A4 A2 r2E Fo ol
A5 Fol7] d¥el Ao AELT. T Fig 4ol
Sshm, vhg £2o} Fobilel wel wpd Ao} o
b Hfe] W] wEt AolEL FAEH &
wo] JE FolTol A9 shie) groz ST
ool WHEF bR AMAHI o]t uha Hxob g
o3 £Eo} Fohel abel ohagielae) Fie) 7
mateln)m, ole] wheb obx AFHALe] Tl
o] S vhE Yol Folho] Wyl Aoz A

¥t

Fig. 4o vbebd upel zbo), 23] whafe] nhak A 5v}
o F& ol f4, YoM E AFEH e Ba Af o)
Eod AHEe] Advpade] Ao Folx =
olgel At Aol F Holw, AvjupAule] PAx
o] Fto] ?@E.sf_ o) Eel HAYWES =

Ase) Aol ole) sl Wolx rbr] 47) w

ol o233 dF o] 473 whd A ¥-(ploughing com-
ponent of friction) = ] A viep}r] WFol o2
A gt}

4.8 £

Bl Fol M, odwbEk b A ol FA) 53 A
5o w9l “}"3 el vAe 55 /| F29
ojgke Ay o g =Abslglck 2 Askel Age )
Az g B Age] Af e 54 2@ste] o}
3 e olg]},
LI LJOWH—E B A

Ao

Lok eha o) -
2, ohae e
A Amat B0 2o
2 ool

F'O

%o obg B ovhw &

28 A4 el T AP el B Bh
Hsre) AP ool A dare wich o
% Sol, 4% el T AHWE ohawe] Hof
o17] 4% H Yo At vk A L

Wel el AgREH vhFe] Al F7 el
A9 A 4] 2B obd ASH Eoh

Cob el R A edo] mE ATz
oMb el ag wizch G| Sef, 7o) ware) A
FE ARES obg o] o AAF vhF o7}
gt wguc 2 el ¥onz AYRN ol
SEE O FolAR £9) tobd 4ke] Woix ohw

2



A7k A vhehdek

|

23 & #

. Lancaster, J.K., ““The Effect of Carbon Fibre Rein-
forcement on the Friction and Wear of Polymers’’, Brit.
J. Appl. Phys., SER.2, Vol.1, 1968, pp.549-559.

. Giltrow, J.P., “The Role of the Counterface in the Fric-
tion and Wear of Carbon Fibre Reinforced Thermoset-
ting Resins’’, Wear, Vol.16, 1970, pp.359-374.

. Tsukizoe, T. and Ohmae, N., ‘‘Friction and Wear of
Advanced Composite Materials”’, Fibre Sci. Tech., 18,
1983, pp.265-286.

. Sung, N. and Suh, N.P., “Effect of Fiber Orientation
on Friction and Wear of Fiber Reinforced Polymeric
Composites’’, Wear, Vol. 53, 1979, pp.129-141.

. Giltrow, J.P., ““The Influence of Temperature on the
Wear of Carbon Fiber Reinforced Resins’’, ASLE

68

CAEs Head FlE TeEa AR

Trasactions, Vol. 16, pp.83-90.
wa Age

gh=t£-8H8}3] 2] Vol. 5, No. 2,

e ST

19%9. pp. 94~ 100,

. Savage, R.H., “‘Carbon-Brush Contact Films’’, Gen.

Elect. Rev. Vol. 48, 1945, pp.13-19.

. Carslaw, H.S. and Jaeger, J.C., Conduction of Heat

in Solids, 2 ed., Oxford University Press 1959.
Cook, N.H. and Bhushan, B., *‘Sliding surface Inter-
face Temperatures’’, Journal of Lubrication Techno-
logy, Vol. 95, No. 1, 1973, pp.59-64.

. Donnet, J.B. and Bansal, R.C., Carbon Fibers, Mar-

cel Dekker, Inc., New York and Basel, 1984.

. Fitzer, E., Carbon Fibers and Their Composites,

Springer-Verlag, 1985.

. Feng, 1.M., “Lubricating properties of Molybdenum

Disulfide™, Lubr. Eng., Vol. 8, 1951, p.285.



