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A study on Sliding Friction and Wear Characteristics of Hybrid
Composites at Medium Sliding Speed

H. B. Jung® and J. R. Youn”"

ABSTRACT

Tribological properties of fiber composite materials were measured and wear resistani hybrid structure
was proposed based upon the understanding of tribological behavior of the composite materials.
Unidirectional composites with glass fibers, carbon fibers, and aramid fibers were tested for tribological
properties in order to propose a wear resistant hybrid structure. Hybrid composites which contain carbon
and aramid fibers were prepared, the specimens were sliced by a water-jet cutter, and friction and wear
properties were measured. An experimental set-up was designed and built for the friction and wear test of
the composite specimens. Unidirectional fiber composite and hybrid composite specimens were tested to
evaluated the tribological behavior for biomimetic applications. It is observed that the friction and wear
behavior of fiber composites depends upon fiber orientation, sliding speed, and type of reinforcing fibers.

x %
ftolsels #lRe o402 UG OF Sold $4ua o, 59 PG, £309, 222
AR, AFANY SO 2 S Pobg Brfskn gtk A% ﬂ EA BAEE WA, WAge] O
W, 2l Hetd 4, B4 B4, B0l 22A B4 Sol S4siel WIS e FEolY 49 E A
AsE I Eom,

& & glth o8 stolH=
stojHelz EFA RS T2
AREA AHE £ 3o
2gAze] vtz g olr B4 78] st vhE g plRA S dAste] AR F dUF AR5
29 vh2 2 iR AL SSATh Gaald, ol =4 R, fEA G Sol 23 Y Ease EfelE
22 BAS 77sle o] uEog Havingo] dAHE olHE B Re] F2E AYN7] At £-2]
B R, B2 S BIAE, olg s S 588 nhE 3 mREAYE FRNY. 1 A% ARERAE
o nj2 2 mprAgde Aol MPn & @ R SR wel HEEe gtk 4 Al diF 49
ATE BAsla, Bad 9} olgt|2A 47t sloldel=dl @ BAjRe T8 AL I AldE ARt A
itz 238 EMsiith

A Wleld, 7, A Sol naRFeR® AMgvbsdel v
o 7.

YA A&
A48 AAge2A AT s1Fo] Avie, vpavlREGo] ol Hiol omvE

wA g s A fa P e



B34 55 13,2000, 2 TEAAY soldele B4 )

n3 ohd 9 ols 50 49 a7 5

LA 2

5 neA 2gARe Al §
44 W e A G oo
bagid 394 Aazd da) sl o
€ PR, 2005 4§l A

£ 4, 2z
Agonn 1t %3

7\-1 }\6} =] ﬁ.fg}zi )\é pad)

Hir
rlo
R
oyl
i

i

o

Hu d
N ey
rid{m
I

I
R
o
S o
o r—}m

o
_R,OHO}N
oX,

kg
>
offl
2

£ ook
L2

)

tlo $Y % i
om A R
-
_\i
Jd m
o?;;
olrt
tlo
°{N B

>

‘2] oM 72?537}%’—01
'}4?3 A Z}é‘}%‘f}

° O e
2
oft
o
oy
3
>
)
N
H
A%
0[n oo Y g U

), e, gcw
DA WOl B AN SET, 0, SEe 6
870, 897, 4957 5 392y AAREon}
L B9, AFEolE de] BeHv 1 shawest
& )5 n gE Faelch.

B3Aae PREoR Bl AEdel o )
%A 5 o o] i%rcx am M
5 38HoI. o2 Al
agazle] BEolx %?Miﬂ ésom t&% A3}
A= AT APe] W orE: $Po] folsn o
A A ge A9s, & Woly d5e =
SR RE R, AR AEAY e 2
Fhot HBol 9 2L AFE 29AY 4 =
2, 42 330 879E A9 Fo A, o]
A9 Fol AR SAS Aes, stoluels
BgAze F2E 498 AAFoH 1 L8}
g g}c}z} 4 gg How Aqan,

S€ Pt 7im Sz da
ol 079&1, FEREN W@ele] £80] A npbA%
b gone w0 77 242A A}&m ol o
Fd A7AE EFAA AR AE ok, e
g '%“J*}th}[l] A2 Sof WolHARZA A& 7}
‘ME'—OI gov] ols Aud= &4,

]%l(seal‘), #o]e], o]l

35492 PPN 23 ol
Se A4u w12 Wel FHEW] B 9

o0, 875 E §3 ¥&o] 10%0]4de]ojA] A8
1A% FEE AL Aol wEM e ddEs
g N7 A8, g, &, TANFE So] Aty
7% 3l

1960 2RE ALEE7) A& gad g
Aol BAAR del AeHu, uzE, v
3, IR, WA Fol glo] F4& H2E g A
of Hlgte] A5 AAE Zw Itk BgaNgE
Z}H AU AUk ‘“ﬁ/‘ -‘i—o

¥,

2

3 =

2 N

o 5

i@ w1

op [ o of R
off Hl o) mt o fe

o
o
oo
e Of

"éé a5 %%ZFE ATH 013'1'5,} B

)
},
;2
H
s
e
o
ox °
,m
%
o
a2
o
o mx ik

slollA e AF At 51_1,51215}[2 -9].d & &
Wz wlR(Sliding wear), 94 oL@ (Abrasive
wear), 2] olR(Erosive wear), &g wn
(Fretting wear)§-2] z71slo]a Eaajgo wm A
T ol dE HEA g 0|24 AF5o] FaHo] gt
th gaAl A, olelnl =(Aramid)d 4 So)
FFE SARY vl 8 ulRAE Zo] il =
S drEe] govh[1-22] slolHa= Bgka) e
W ATE Hag url A9 gle ARk
AT Al Ee nhEa) nlno] Jgg = 9
AEE AuvbEve] A, 59 Al AE, 489
<

F7, 223 AU o] doh dee] 72 9
W goEe] Ud e} eEge 2
QP 7o) 53 sholuels BgAre Agole 7
S8 ARTEG B, 4 AeEe) MAWT 5 1
Zio] W% Wyl WRe] 2449 dvsh Ago] o

THEG 4 BT ARERARY] A9elE Ao} npa
Wk gyl ow wjgkrlo] glow 2 ]”J%(long
itudinal direction), P}&9 7} o} vlulgkn} 4=
Zol¥ o Wek(transverse direction), o}&™ @ o}
UG w2oz Mol glem $2eK(normal
direction)e]g} 3 olsled 2z}t Whako] w2 v} 9 wlm
7% Hgke dyste) girh

g s SEAES] vh2 2 ke B4 gy o
= Lancaster 2] 8 v 2¢ o2 A7AS] 2Jslo
B8 olFo] Zrh Lancasters mEA] BAA
T°r Szl 458 NS 371, ol Tt

Ao 453 NEE Agem ’%210}04 3] AIH T
“}?Jr’ﬂ PPl F71ge] whel ZRy) wiEvide =
7hetint. vk xR e $HEF 1.2kg, vlAEES
0.54m/s2 slgiEd) whabeko] )3l Al-gdbake] o



80 A8 - &

B AT EHR AT

o] B A9AR 5
2B ohmgel

Aurgkel niRgo] 7P Weka
744 wekat. Giltrow e
Lancaster[3]1& o €434 $4& nad ol
09} I EBAMSE w7 e B ne 947158
& AN T, g8 7k A okEdE ARl %
AL Zztog gxste FAATIA,

3 AR AEE uFA7IR AR7Fe A m}
S AAA vEAY s b 21 $3
%o] 1.2kgrol A dkgol A, phEEEE 0.54m/s
olelth 15d] o5l A mrawdAle] BAo| et
(transfer film)84 A=, ¢4 JHe 4554,
&l U}?‘m 2 pAu Zr, aejn vlR g
ol R &o] A4TT Y& ‘jr stgitt. Berg,
E%arira.@r Tirosh[4]= u84 &4 Af9 275 &
& ARE TRslE o EA UHE%B‘- A RE A9

H)d

.

oz g3, gxz] AR weld ZH52100steeD) &
A shEwo R s, 4 8k | 53«7,9} u}zur'

0.005~0.1m/s8} w2 27slA dgsiyich. of 4
'@Oﬂf“ AHEL vhahdo] He "Wur ARE a4

F BgA R AL, FH8F kg olstolM e vpEz}
ZAE g slgl e, ool geale ) whEe] 4
g Wit s dozon wrgr Zvislych Eg
S1ER] EbA A8 BEAlgel 7A$ole A m},drr o]
gaoAng YAsdon, olde] SgARs A
Rk o] vin B WRecha Rasksch

Giltrow [51E 259 9488 =AM sk 1%

4 Badgel AE BANE FRE nEA B
PAREH g ARe 4l RS ol gdte] 43
;"L

&% 1.2kgrg vz 2%4:—91 apAE O>3m/s°l &
Aatold Agstact. 24 gao ¥ ni2F vire
#Ho] FaeE i 9—%?30}-‘5 R P %lf%-
A8 Az A ebEd Q829 AA4 £x:(bulk tem-
perature)7} 100Col 4 A4 vhadl vlRe vEY
2 A7, A 35, 4% 53 Fde, gy B
16 BeA8 wlEgo]l F43] et adE
S(high strength, type [) 284 88 £
WolEA o] Alalzth Tsukizoedt Ohmae (6]
oA g R 12E 82 AFES o 1
Ago] duigez wjgAzl 5§ Are FAAAY
ANH o g 95 TEeR FHH0 HES 1A
A A7) o, g nhEmeRE Y AHlE Y
0.25% &a7ts o]&3te] A vzt oss
FA 85 460kg(F 2L 83.3 MPa), rfE& e

~

B o
u?u:i

r

Me orlr el o8 B
=
3,

a0

0.33 —0.83m/se} Z@stoA AEslHct o 34
AN B zﬂao B, Ak PSS I W]
s, Ho <z =
g AE %E‘Xﬂi o] A= 1%
Sung®} Suh[7]& 2%
gz AH 5& o
Aol ASHA AHE 175‘/\]7131, olof
7 ZHANSI 521002 ¥ =
YO% AT = L%%}(pin-on~ring)'§ﬂ191 uhgk
8 . vh 208 ¢43F 1k 2
O 243MPa), ﬂ}é} &
uc}‘ﬁi‘?} e
29 i vEE
= 3 WEolx
/&E B G‘i fr EIAES
k= goll 7 o??ﬂ °lE
L Ha Bee s 4t
4559 2 f%?i A, opaae] 299 Agel )
g u}alo] ] n= mOLS

}3% °1$f‘1 M} B ] %3} Az
7HSUS ’lo4).§L Aotz
A apE AMYrE "P&O}S’iﬁ 2]
48N, vl &% 0.5m/set 2.5m/s2)
A, Ao wel Zb Af MdEe] vEd g vn &

]

si7} tha W] Igient tiAlz Fergalael o)
23} vlml g ) desen, £1 Wl 71
27 ek olsh 9, whave] Aol B2 9 A

31 E

Fodel o] dig g Bele] P WdkelA
gl FH we e ) kA E3o] Tt
2 A7) gioly, 2 Wafela] vfRgo] 71
B AL A vhEwie] £48 Yol V] WEYUE

) Gopal, Dharani ¥ Blum[10]5-& #2l4d&/
Age P ol EFARY ~gdR/AEet
AZ slolBs EgAae] EjolERAl B4E @
Felgon, slojrgs 3o ol BEAWEE Hadl
ok

1)\1—34 ;7;:_‘_»0] %_}J\_/g% }}5}.’6‘17‘}&0] u};& ol U‘I_E_E_/H
of B3 AF KBl spF @wov dolHeln B

7o) Eglo]E2x] EAd g Ad7=ge 27] oF
& AA ot} stojHEls BEFA Bl g, R
A, ol s, 29ESR AR F oY FFRY A
f7F o2 Fee ulg dd 9 “’%3 7M1 3

b



B34 £ LHE,2000. 2

FEIN9 sojHe|= B4R vng nd 9 ojp E4¢] $E 97 81

Hgel we} olEAFe] WA 4 Fe,

He 7IA 42E DAY A9 Wotrg g s}
Ale stelEE EEAR 72 Akl Halo]
A sholEzlE B3Ag wha 9 nlm B4 A
Tetejol Tk EdAae) wir S4e 27 449
T AT vhEele] FRel A, nazn Fo Uz
Stk ¥ B2 AF BEAa o2 4 nleAE

of tigh o2} AFA & 5= 9ol EiAa] vz
2ok G2 ul B3l npAYE Ay, 27, 8
4 5ol met 1 vAYER Asle, o]2 AnY 4
NE HAHGE 2dol o7dT. vy uhaz)
(friction material) 4] dlo|HeElz B3z Agt
& vl gren] Slojdelz B g EflolErz]
B0 gk B2 977t Besih

1

f

bd

A
2.1. AlEe) At
2 do)A e ynkio] ol sholugs g
A8 2A87 fekel 2
o)
o

2
8 FAYL CEFAE AgsldE
d wAE Tl dger s %
Aol Az, Wrtad AR ¥ A8gn Ho F
& 3% e /HER 52 LRdNE AH8E
sow], 884 YA T Mol g ol 53 97
Y A FOME oFAE e 9 A A
Hlgl o2 o] Hojurz 2 dydMe &S
EAE AlEe] 2R AHgEdch RyAsE f2
A, ol =, 2Eln e da 88 AFES
%om ARE Alge] 4-& Table 19] jsgich
RARL AAFA £A19} B Y RES A
slo] B8 BAEE 43P oR /1d & golo}
TE F¥ water jeto g Hdale] Al@E Fujslgih
nE YT EREe] Af WE W] ne o
2 kR wAYFe] Wals 97] 98t Fig. 104
BolE Hhel Zo] dEARQ Al 7HA 4ugel AR
=% 5P dA2YE At 2 d7eae

-

i

Normal Load

Reinforcing
Fibers

Ring

Transverse
Direction

Normal
Direction

Longitudinal
Direction

Fig. 1. Sliding directions adopted for the investigation.
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(b) Orthogonal orientation for hybrid composite specimen

Fig. 2. Hybrid composite specimens with specific fiber orien-
tations used for friction and wear tests.
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Fig. 6. Friction and wear behavior of unidirectional graphite fiber
composites at different sliding speeds ; (a) normal
direction, (b) transverse direction, (c) longitudinal direction.
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Fig. 7. Friction and wear behavior of unidirectional graphite
faramid hybrid composites at different sliding speeds ;
(a) normal direction, (b) transverse direction, (c)
longitudinal direction.
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Table 1. Physical properties of reinforcing fibers and matrix resin

Material Density Tensile Tensile
Strength | Modulus
Kevlar 1.45g/e | 2.9GPa | 1.30 GPa
S—2 Glass| 2.46g/cw | 4.6 GPa | 86.8 GPa
Carbon 1.81g/ar | 2.7GPa | 382 GPa
Epoxy 1.17g/aw | 62.5MPa | 4.05 GPa
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