el oz atal x| 2227 A6, pp 3540, 200813 129 (ISSN 1225-0767)

FRP 9t ojAj o) datrkel 40 et A A-719)

71‘3(3;]* . _]—_[_}\-]_OA** . 7]:1]“%***

N9
{
O

O

IS GO NI AT
R LR
e R LR DS EEES

Effect of Counterpart Roughness on Abrasive Wear Characteristics of
Side Plate of FRP Ship

HYUNG JIN KIM*, SUNG W1 KOH** AND JAE DONG KIM***

*School of Mechanical and Aerospace Engineering/Institute of Marine Industry, Gyeongsang National University, Tongyeong, Korea
**School of Mechanical Engiveering, Pukyong National University, Busan, Korea
***nstitute of Marine Industry, Gyeongsang National University, Tongyeong, Korea

KEY WORDS: Abrasive wear ¢I2Mnl%, Wear characteristics PFRE-4, SiC paper SiC4v}#] , Cumulative wear volumet2]
v A4, Friction coefficient vl&Al4=, Counterpart roughness AtlA] A2 7]

ABSTRACT: The effect of counterpart roughmess on abrasive wear characteristics of side plate materials of FRP ship, which were
composed of glass fiber and unsaturated polyester resin composites, were investigated at ambient temperature by pin-on-disc friction test
The friction coefficient, wear rate and cumulative wear volume of these materials against SiC abrasive paper were determine
experimentally. The wear rate of these materials decreased vapidly with sliding distance and then maintained a constant value. It wis
increased as counterpart roughvess was rougher in a wear test. The cumulative wear volume tended to increase nonlinearly with sliding
distance and depended on applied load and sliding speed for these composites. It could be verified by SEM photograph of fractur
sutface that major failure mechanisms were overlapping layers, microcutting, deformation of vesin, delamination, and cracking.
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Table 1 Mechanical properties of GFRP(Z1&87] 5, 2005)

Ttem(unit) CUhnit Results

Tensile strength MPa 151.0

Tensile modulus GPa 245

Bending strength MPa 238.0

Bending modulus GPa 10.4

Glass fiber volume fraction % 39.8
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Fig. 1 Schematic diagram of pin-on-disc test apparatus
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Fig. 2 Variation of friction coefficient as a function of
sliding distance for composites tested on 9, 15, 30u
m SiC paper at sliding speed of 0.1 m/s and

applied load of 10N

o B A A" G 37

Aol AqeE st wiEAGY) At A7 = A
olell Wi “FAIZ A7t d.asitt.

Fig. 5% vy <%= 0.1m/s, 24315 10NeA SiIC v}
Aol FdAAEol 9, 15, 30um= el wet vjng 7e
o] Wzt we vinge] wsks vehdl Zloln. A8t
nng &wsh g A9 B SIC ArkAe) Hak A gl
A vlng A SR riRge 2t {43 kA
Sttt 71 ghasEo] AoAnrt Ao A4 fol B & &
ik = B vy Aejella Azte] SiCoglrkxe] gt
AAE e phRES vy YHdAAFel F45 vl
wEE A gE 4 5 9ok Fg 62 vlng £ 0dnys,

0.5 — . . .
0.1m/s, 20N

04 | —=—: 9um .
‘E —e— : 15 um
@ —A— @ 30 um
Q
£ 03| W .
8 l\.\.
o r A — i
£ 0.2 44 A l’l\l
g °2r e ° b
e
L
S
W ooqf y

0.0 n 1 " 1 " 1 " 1

0 200 400 600 800 1000

Sliding distance (m)
Fig. 3 Variation of friction coefficient as a function of
sliding distance for composites tested on 9, 15, 30n
m SiC paper at
applied load of 20N

sliding speed of 0.1 m/s and

0.4 T T T T T T
0.1 mis
—=—: 10N
- —e—: 20N
& 03[ |am: 30N 7
0 u
= /
[ A
7___/;’
o2} >l ¢ 4
c
g |
2
L2
S
w 01} i
0.0 L . L . L
0 10 20 30 40

Counterpart roughness (LLIM)

Fig. 4 Variation of friction coefficient as a function of
counterpart roughness for composites tested on
sliding spedd of 0.Im/s at applied load of 10, 20,
30N



38 284 - =

T T
e 0.1m/s, 10N
g A e— 1 Spum
] —*— I 15']]11
L
.-'E 2l \ a—: 30um| |
5 \A
=
= . a
] \
l L 4 A
= 1L \ J
o
5 .\A
= n e
\ ey P—"
ll_k.
] . 2w b n '
0 200 400 600 800 1000

Sliding distance (m)
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30N
73S Yehila gLt} Chand et al(2000)2] Zzhsh= 2
#2459
ols} e Age vmd vk Olm/sz FAsky 2§
aho] 30NgI 79l SIC eriAe] HFgIAHEe] Walel o

]
3 A9e 3 A, w9 Agstalr vng rele] wistel
uheh FAERAAE nldgH o s SRRt visd A9t
e AN 5 g 8 A=),

Fig. 9= vy %7} 0.1m/so]ar #-8-3150] 10, 20, 30N
oM SIC Avkel FetdAHEel 9, 15 3mez Wske
wl vl AR7E 1000m = 3991 FRP An) o)gh gk
5ol FF A vhAAS vehd Zloln B A-8skgolA
SIC drbxel g AAEel S71etl uhel rARheA A
A 27k & 4 o A8skEel & 20N 30N A
A= AgriAel ARV ARl weh Ak sS4

2 % 5 glek el guiAlel ARV Ee) uek 4
o= ZrkAE gtk il ARL AR S
o AgsEe Flel W FAsEAde ke o 4
pEs

Fig. 102 FRP 9} oAjela] HAer]s= nleAlf7]S
Argste]l  mmE &% 01m/szA BAsHHE SIC drkA)el
HrdAtel Ag3te-5 thEdl stl-e of A1P8% rhws v
Eblar Qltk. ojuf miniAe Zyzhe] Aol mlizy]l At
50m7]}7<] Pl A EL &3 A= SEM AFd&9s AL et
Wl Zlolth Fg 10@)E 443tz 10N, SiC Ankx]e] Het)
A Eo] dumel 73-g-oll gk vhnE-S vl Zlo s [A)
o= wirulo] FAHJTRE A8 & 4 vk =3 A%
Eeldl2~dH 271 WFE o] vAlde] WA Y] AR o, &
iRl gy whaell vlAlEE (Micro-crack) o] wAYgh - 1l
Al (Micro-cutting) 7 s} tho] wWAYsle] HAwr)y) e
dolx] S-S & 5 Atk FL 283k 10NeA] SiC
TIAAE0] 1/umel A-folle mhrdlo] FXAH Zlo] AN

AL wlESE v o] T A7 Sto] glow, ]9l

o B A A" G 39

a0um  Electro Enagel

a) 10N, 9um

- Electro Emagel

a0y

Electro Emaaef

Ay

¢) 10N, 30m

d) 30N, 9pm

Electro Emagel

40 Hfﬂ Electro Emagel A

€) 30N, 15um f) 30N, 30um

Fig. 10 SEM photographs of worn surface for composites
tested on each test condition at applied load of
0.1m/s and sliding distance 50m(D: delamination, F:
fiber, M: matrix, MCU: microcutting, MCR:
microcracking, P: ploughing)

Fdollze =] Wdo] Hap @olAaL, e 3yt A
o= ol WAy % ok 4= 3tk o]g} Bl Eo] Al AR
7F B =ZA el me} Aol shdet Aol Frtste] did
ARl S e wol Zvlelal Ar)de] EFo] gle-g
oF 4 ArhFig 10(b)F=). w5k vl &9 A 88t52 &
015} ]u]— AAlel  Sic zgﬁ% ZA2o] 30ume! Fig. 10(0)<
Be ARl st S3E 2ol HST STkl Alrek
TXH %iﬂiﬂﬂ F%OPS e‘ T Ao, rirrke] o]
A71de] E2lo] H& wol wAstal glom, ek 44 AL
o]l ulz] & HDelamination)o] 87171 Al&slgt) Fig. 10(d,
e e vy £57} 01m/s=2A] FL3HARE 21-.8-515-0] 30N

OHJ



40 2831

9 A%l SIC FlAAEel Walel dlate] vl Ao
A vhaete] gREYAY Hen Fus) og Sl e
AAA 0w SC AniAe] BardAxigol 271l we) A
s 4] Apolel uke o] ublshiA bk, abu o
W7 BS 2ahE 2e @ 5 ok SAT AgsEol
30N, SiC elnkAe] Birlapgo] 30umel Fig. 10()2 R®
vhaete] ggo] Aol gkl o] o] Folxli, e
529} el Wgol ulg- ol sla olsh vie] el v

wo] o] ol olFolge o 4 itk

548 E

FRP A4} oigkale] vk 2 vk A%l tig iAol
SIC #EglAEe] @l lstel FInYSE 0lnys, Ag
3% 10N~30N, oAl 7127] Gum~30ums] 2s]elA
APAom nastel doldl AEe vheat Atk

(1) P8l APt e Agels riAss st} Pl
YA} d0molgelfis Ael 2F @ol wel hgE @
Uehl glor]. BQakzelA AulAlel A271e) sl wel
BgAlRe) PR 998 JES HolH st

(@ AR B3R PlRge Plng Ade] Sl ue
A8 st Q49 gol HIglor, uiale] A} A
A% vhge sl Jeke.

() FRP 41 915kA)e] Bghalse] rArkualse vjng A
27k SRl ket 578 Skt 1 S71%e] WelH v
AFAom Fgor], B TANAA e AgsiFe] S
el whe} el Al ARAPE ARSE S

@ bl Aol s s vinete] PR
7h HlAAY, 718l W, el wbshaL ulelEy ol o]
ke 28 whe] SEM ARLS B3l B9l & 4 gl

L

I
A
o

9], PEE DI, PAE (Q006). BRI A
B3Alel aatnbe Sgel B g, G aEet

S)4] A10A, Al%, pp 46-51

487, 9y, Ao, A%, 249 (2002). “slolnEE &
A5 ¥ T S0 Qgxdl g A7, g3
318, A167, AT, pp 4247,

AEA, o], AE, Ad9] (2005). "35EH FRP A8t 2]yt
Ao SATAE A I, S IAITEE A
297, AT, pp 137-142.

Y719, B4R (2002). “CERP A% Hedll w2 dajA] S

L

- A
2 N5 daadgsEA Aled, A2, pp 6771
olsa, Mol BAR (0060). “AEDEY fed Aot 1

SAlse] S e g A1, el gt
A, A2034, A2T, pp 52-58.

=8 (2000). “FEEE HuikEe il e Ak o
SHe] A WV, d=SdEeE A A15d, A1, pp
85-91.

Anderson, J.C. and Williamson, P.K. (1985). 'Relating
Laboratory Wear Testing to the In-service Wear of
Polymers, in: LH. Lee (Eds), Polymer Wear and Its
Control”, ACS Symposium Series, Vol 287, American
Chemical Society, pp. 315-331.

Chand, N., Naik, A. and Neogi, S. (2000). "Three-body
Abrasive of Short Glass Fibre Polyester Composite”,
Wear Vol 242, Nol-2, pp 3846.

Fridriech, K. (1986).
Composites, Composite Materials Series, 1, ed. Elsevier,
Amsterdam, pp 233-287

Kim, JD., Kim, HJ., and Koh, SW. (2006). "Wear
Characteristics of Particulate Reinforced Metal Matrix
Composites by a Metal Infilterlation
Process”, Materials Science Forum, Vol 510-511, pp
234-237.

Koh, SW., Kim, HJ.,, Kim, B.T., Hwang, S.0O., Kim, J.D. and
Choi, WS. (2007). "Effect of Load upon the Abrasive
Wear Sillica-Epoxy Resin Composite”, Materials Science
Forum, Vol 544-545, pp 255-258.

Ravikiran, A. and Jahanmir, S. (2001). "Effect of Contact
Pressure and Load on Wear of Alumina", Wear Vol 251,
No 1-12, pp 980-984.

Ren, J.R, Kim, KH, and Kim, SS. (2001). "Tribological
Evaluation of Dental Composite Resins Containing

Friction and Wear of Polymer

Pressureless

Prepolymerized Particle Fillers", KSME International
Journal, Vol 15, No 6, pp 727-734.

Shim, HH.,, Kwon, OK. and Youn, J.R. (1991). "Effects of
Structure and Humidity on Friction and Wear
Properties of Carbon Fiber Reinforced Epoxy
Composites’, Proc. SPE ANTEC91, p 1977.

Sung, N. and Suh, N.P. (1979). "Effect of Fiber Orientation
in Fricdon and Wear of Fiber Reinforced Polymer
Composites”, Wear, Vol 53, No 1, pp 129-141.

2008 94 1
2008 109 14

A7 A

ol
=
A AF 592 A



