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Abstract: The effect of carbon fiber orientation on the tribological properties of carbon fiber/epoxy composites used as a reflecting material for the
electromagnetic wave has been investigated. It was found that the carbon fiber/epoxy composite which slides normal to prepreg lay-up direction had
less friction and wear than those slides parallel to prepreg fiber lay-up direction due to the increase of delamination between carbon fiber and
epoxy. Composite with unidirectional orientation(0/0°) had higher tribological properties than those with multidirectional orientation(0/45/%0/-45° and
0/90°) when the sliding direction was normal to prepreg lay-up direction. This was caused by the debonding between carbon fiber and epoxy which
is proportional to contact area between the sliding surface and carbon fiber. Opposite results have been found when the sliding direction was parallel
to prepreg lay-up direction due to the tensile force applied on carbon fiber. In addition, it was shown that wear factor increased with increasing
sliding velocity but the friction coefficient did not depend upon the sliding velocity.
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Figure 1. Schematic of prepreg lay-up method.
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Figure 2. Schematic of wear tester and sliding direction of
unidirectional carbon fiber/epoxy composite.
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Table 1. Friction Coefficients and Wear Factors for Carbon Fiber/Epoxy Composites
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sliding speed | carbon fiber orientation ang Eﬁzﬁggr:pﬁ;; an (x10™ g/Nm) #i Ul Us2
normal 342 0.35 0.25 0.25
0 parallel 416 063 0.52 052
s normal 348 0.38 0.29 0.29
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0 parallel 391 0.64 050 0.33
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Figure 3. The effect of carbon fiber orientation on the friction
coefficient of various carbon fiber/epoxy composite. Sliding
velocity is 2.5 m/s; (a) 0/90° lay-up caron fiber/epoxy composite,
(b) 0/45/%0/-45° lay-up caron fiber/epoxy composite, (c) 0/0°
lay-up caron fiber/epoxy composite.
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Figure 4. The effect of carbon fiber orientation on the friction
coefficient of various carbon fiber/epoxy composite. Sliding
velocity is 5.0 m/s; (a) 0/90° lay-up caron fiber/epoxy composite,
(b) 0/45/%0/-45° lay-up caron fiber/epoxy composite, (c) 0/0°
lay-up caron fiber/epoxy composite.

P

g 3713

LR35 2 A% nEASdE 49402 93g olH
BPARS A% 2 BHR R AL 2 AskE o}



AAg GAARE AMSEE BAAR/CEA SRR

SR ggton gadse) HF B A v Aske) 2o
mE AT 2 BAS RN FA 3FE ekt

3.1, Za|=3a HE 4En opawde] AT olEAHS ofx|
= 9%

Az Wy pdUg 9% 2 2y U 45 Table
194 2 vie} Zo] &aMfe wgd FAYe] $H W 9
g ol@dAgTt SRR dlE duyez g2 e uehdg
& F A BF B2 g e w@A ] Wse &
A Aolg vehlA G AtHoz ugks o Ad wF
WHol| #3391 AL 0/0°, 0/45/90/-45° L 0/90°9 £o% 2 uF
AFE Yehided, £82 2%E 0/90°, 0/45/90/-45° 2 0/0°
o2 & nldA5E veEhdg 31 £ it B¢ Al v
Z Az "2 ko] nigR|fd wHE G wEASY 5Y
3 AFE Ui ¢ & A EfAsY wAANL adhe-
sion theory[10]9} delamination theory[1112 &4 71534 3314
FEEARY S, Ao WFol Ay dES F ukg |
o] 4&5o] 3 AFL 32 Y& W FEEA T P09
o3ty AL ZAZ wEdAAE AT delamination theoryZt
Z QA d45H9A T Qe

Sung® Suho] 9JStR[g] vtAd= F EAZF HE JEH §
A olge] Q1g w wEEAY ALHE §FL FFAWA 7
vabnl AAadgo 2 re] AZ4E £ gEd, ol A&HQ &
ZAYE U39 upAEAd STHAHAWAS) or|Hm o2y
B EHTo] cracke]l AA oln] EA3E HlE T olRd:
crack® FAXA wo} wlFAT £HUFO R crack 4ol U
olut A% delamination® Z@AF|A He Rolth AT graA
F/ANEA BEARY A9 FAZ Eojt @A Fe WEYS
A o EA7}F BdEHo]y) g o]So] FEHE HAA crack
o] $AHo2 Yoji} debondinge] wEHL}. Aul uF w3} &
el ol 39 7% debondinge IR EHO Y&
24 AZAIT dojar o= Hf Wi Wgoz Agd
AT o] BE FAMFY Dolsl whdel & #as] A
AN G20 debondinge] Z718HA] Bals uld g@AAM§9)
go] vbd o 32 749 debondinge F2H3ke) Hla] u}
g9 gANRY HEUH AuHez A7) "o SR

1 EAe] HEAA widEA dojum oln) Yol debonding
<8857 £350 29 debonding Zol7t E71ste wRY o)
E3e] 287t doju} m2dAS 2 npdxgE Zbd
olgjgt H4¥AFE Sung? Suhe AF9 & AHF)

Of

2{_’
rir
=24
Ho

v ot b o ff R m b

w

2. BAMRY HIZAO| OHEAS] olxls H8
33 P obF Hol £49 49 00°2 H2H 2R
A P9 R AR, po)% HBASTE A BA e
& & Uk hEs $Yoz A34n db wadfl 2
N2 ke 09 BRARI) 33712 k2 wel A2
S 0/45/90/-45°0 B3} 4o whaRs gadfsle) EUA)
7 debonding®] Uoi@ Hgol ¥L 1 A%, & vHATY o
WASE tehdth DebA ok w99 Baddrt S
BE 00 uniEEs Bayeel F2EHo Y Ao
debonding©] Yoid S8 33 wold] 71 e B2ASe o)
WASE 20 91 gebA b $4e RIS deue ¢
& Ut WE AFPE AEE] 92 A9 A vaus o
2449 AFEAL AT 4350 A= gadge) o
Al et ARBESE FYYEA W A5 wL @S AT
[12]. ol /1A 54 Fole] A AR} BaHf7 o

N tlo oft

4% gaif BP0 AR BAE 9% 781

(b)

Figure 5. SEM micrographs of wear track for 0/%0° lay-up
carbon fiber/epoxy composite; (a) normal, (b) parallel.
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Figure 6. SEM micrographs of wear track for 0/45/9%0/-45°
lay-up carbon fiber/epoxy composites; (a) normal, (b) parallel.
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Figure 7. SEM micrographs of wear track for 0/0°
carbon fiber/epoxy composites; (a) normal, (b) parallel.
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