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Abstract

The effect of glass fiber and graphite on the wear properties in tin—bronze alloy
matrix composites was studied by a pin-on-disk type wear testing machine. The
results obtained from the wear test were analized by SEM observations of worn
surfaces of pins and disks and EPMA composition measurments. The amount of wear
was decreased as increasing the content of glass fiber in matrix, since the alloy
matrix was reinforced by glass fibers. The wear mechanism of the matrix specimen
without glass fibers was proved as the contact area delamination. Oxide layer formed
on sliding surface led to the increasing wear resistance. Specimens containing graphite
particles showed an lubrication effect to counter disks.
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FARY 2T d27tA 8R1e R st W nfEEg JuHoR 2 dHEE, ¢
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2. AlEuy

239 FarA2E FEFAA nteAdo) S5 Cu-10wt%Sn-10wt%Feg AHs:
FQa, o] F&71Xe A EAAE /AdMFE FIAREE 474 Ovol%, 5Svol%,
10vol% S H7MAA BHAS Azstgony, £§ RAA7E 10vol%FH7Hd Ame A&
A2 AL 05vol%, 0.75v0l%, 1vol%, 1.5vol%, 2vol%, 25vol%A7Ie BedAE A=z
stk AMSF Bote] Irle BE 44moldtel mlETE AMgstd fEAdRe s
A7 10m, Zo] 1000mAEL 1434t £2e 28 EFS st faldhe 373
w7} 10014 FAHE B9 JAA EFE P3P o) EFAE FUZA=E o8
Ston/crrd) Yoz AU A¥Y AHe BIJUELY FHF2AE FHFANIL
T BRF A RAEty] S18te] F£HROA 27C/ming] R FLEER T
o3 ¥ 845Co|A AtAa Aol 60mind st At o] W EHVIe FARAVIR F47ME
9 §42 250/min2 nAYLE o)FA Az EIAES 1Y ld Hole AF #L
pin-on-disk ¥ €1 9] wlRAIR7]E ALS-ste] olRAYE FPSHT o] W nfREHE F
$@YNA nnPAYE 100m, PIEEES Im/sec, Pt 832 138No2 U3}
A FATE 2AL W37FEA AR Y3 plRAIEE AF 6mm, Hol
10mm= 7F8 4800 Ankx|27tA] Anl § oMMECR Z2Sd AP FRA=Z=
AE HzC 269 ©27% tj23E ALddch strge 107g7tA 337158 AR LS
Argste] 2R en vtAASLE ntRAE 9] Load cellst dZE /M08 HAFEHE o
235t 2A3QTE @At Aol nlEERIG nlERrgr|E FAMAAGA LR
paAslgon, olE9 ZARML 93te EDSS AEAE S35l XRDE AHS-3Ado &
3 AroiA nlRE W AArE ZEARE AH-slY 38

3. AyZdn g nE

19 2% Cu-10wt%Sn-10wt%Fe 71A@EH o] 71T FIMHR7T Foujz
5vol%, 10vol% RZtE EFAE nBA|He=Z 3t HeC 2630 Axe] @27 g23aE
A2 3] pin-on-diskFEHl 9] FIRAIRI|AAN PnREEE lm/sec, PILHAZS
1000m, U}R3ES 138N 2 fAsAA ntEgFe] W3lE AT Aol YA
gl fe BaEgo] Z718 45 slEFo] Fade AFE BT ol RKAHRTE
7179 AAEES Wy FE2W nEY REEAN A4AGER S Folan FE4
o #AATHE AgASE aHs) 4 ARA AGHE TS AP} ntrFE H
A2A71e 5842 P :

29 30)AlE Cu-10wt%Sn-10wt%Fe-10vol%SiO«f) &4l AlMe] Fdo] Fyjujz
2}7} 05vol%, 1vol%, 1.5vol%, 2vol%, 25vol%d7te BaAlel Fdxydrie] ntrge]
walAagtolth, g o] lvol%A7tE ZAAA 71 ¥ ntEFE dehldoh
9] o] 05vol%olA 1vol%2 F7Hghel et e o] At olf= ZIAFE
9l Eqe] oko] Zyigtel wat Ede SFAFAI Jehd Rolzt AAAN, FAFl
lvol%ol o 2 Z713tol upat ulr o] Frlsls AL B dAFdA Al8d F49 27
7t 50~60m= A Aoz g Buti vmate] A, old wat AFFFA ARFHRA
o] AL Edo] BL 7IANZ4ET AFeA RaA @ A wEAPAY FHOE
3t 7|ABLAAM ojg FozM wAslE TARAL A

a8 4= (a) 1A SFLRS 10vol% HUHE Algg (b) o R2A 1vol%e
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AL HUR AgolA vb@dASgke] st fdRTE HUME ABAME wlEdA
4 kel WEgo] & whd ZAE HUI AlgdA e E3lFo] FAFN Fdel At
Al & AlHAME JuiFHoz A% ulRAIEe] U457 A4vlRE Holx Uzl o]f
WRE Bl ojsle] AWM EO Ao $FE = o] yHEEo] uldAlge] W)
A vEid Aoz AojAc add Fdo] FHUME AlH6ME Edo] $EAEHRE do
A @A WIET Fu AANAA alFAFFIE Lol Aolth

a¥ 5% Cu-10wt%Sn-10wt%Fe 71X 39 nl2AF F9] (a) mFRAIHE, (b) AhiA,
(c) mtr P2 7)ol FALAAED FALA ), (a)dlA vy Wako =z 7]A§FFo] 43A
nlRg EFHE B 4 lon, (b)e] AdAl EHAIANAN ZIAFFe] A4HYEE Pow
A Aoz ntRAHA olgEo] AuiA EUS Hi HA Fo WS & 4+ Atk
(©)9 mlrRrxyrle B etrrt Feinr|72 #8392 € 4 e, EDS ¥
AMAF o) oJEtd pfrREAI] Y AR JAYRFTH dA A olE FIE &7t Aok

¥ 62 Cu-10wt%Sn-10wt%Fe 71X gZ el 10vol%S #df7F A7te =49 n}
2AY F9 (a) nlEAIY, (b) AUlA, (¢) rtER2 7] FALAAEAU HALR ), (a)€]
ntRAIHAME nfRRA 77 S&Eo0] u FEAHOR nnyydkg uel dabEol
P gleg B £ Ut ol AT AErE & A nbEA FdHoR
A EFAZRE olgdd nRREAI|I} AR AL YuFHe e L Prle
Aatol R el 3, vpFel] 93t Qatg mlERpAer|Eo] AFWUP Y odte FIAHAS
€ ¢ 5 Jt b)Y FdA = plEAIHIY fARE ] vtREHE 2P (o
FE /7t 10vol% RAE AL we] vlrp2rle] FALAA e FALR R A oA
ot n@AZ Qe "olx Urtd vtEA|He gHo| fEdfddd AW
WA go] Wl REyHoR WYo| AP R3a 1 AeioAl EoH JriA Ho
433 FAL A71F JHAA 3L RAF A

Y 78 Cu-10wt%Sn-10wt%Fe-10wt%SiOxf) A9} AW FdL 1vol%H 71§
ZAA R U R AP T (a) vlRAIH, (b) FHAY FALAAA0 AR FAF o)),
o] AlH 9 alRAIWALA(a) H rtER227]E FHENEH 1Y 69 (a) E (0) & /A
e YL RoF FHrESAe Fol AL WA umIy|FE BEAAe EyEE
o 2&Fe & & Utk (bl FUAEH dF FAAAAv AR A A 129 59 (b)
2 Y 69 (b)e vl B u oA HHo] 4F3] RIHUS S ¢ = A1 TIFH
717t mr A g B s AdiAe g SFE I Jdghe #$AF &+ UL

Y 8l Cu-10wt%Sn-10wt%Fe ZA3 Cu-10wt%Sn-10wt%Fe-10vol%SiOa(f) ZA
Algel i3 slRAIE (a) vlRAYE, (b) FHAREHANA Cu ¥ FeFo] ¥slE EDS2
243 F4HZ JeEhUALE Z1ATEF vlRAHAAME vlRAF AL AFAIH o
3 EDSEAM Ael Aol ZeFo] Cu ¥ FeFg JYehiien #2475 10vol% 3713
Al Me CuFol 448 FeFol 718l SS € 4 AN EF JuiAEH g £
A3 AE AT vlRA A} T2 AYo R Cu L FeFol WEgE &4 5 Ak F, 7]
AT A dAHoz 7 diAol ot nlRAIHo] FEHUZLO W vlREAIH A
AUz EFdAEe] oSS & 4 UY, FIASRFE HMg wad JAFFol npr
2 FE REEo ntuFo] 7hAha EFAGe] Aoz dojthE & 4 Aok

a% 9% Z A9 vlRAA, AU, slRR A6 AAFgFE EDSE BT
Axtolct, 19 29} 1Y 39 rlRIPPEY vlwde B Lol A oA R
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A e nRFo] Ao oA mEERH FAHH Astute] &ENE AF
mild§ PP 77 AEPe gtk £ 1% FA3stelA stmFe] 7P AR
o4t Ede) ool Bem A3E FAo| WaHL, 2 Fo] UF How Edd A
sa8taayt Ay WRolgl WolAth XRD BAAT o o FAHE A3ES vhR
2o 98 24W¥o] Hol 23 HAGT AzrslolAE CuFeOs peako]l BAHAL,
AAel Avslel o5l AT SARXE FeOs peakst W& 9 SnitshE peakso] #
Z= U

4. 8 E

B apoAE o olgde] niAE fIUdR 2 AKEAZ TAT AT
NE7NA BPAS AR WM Ryble BE vtRAFE BASA oA B
A8E AUk
(1) A48 2@ slege ZAfZd Hsle Fujule) wel @3 I
o)Re fadRT 2NN NAS BPIQ 24P ptRRA7] EAS AAF
E %S verd7] Wit
2 W73 Z1AgT strslTe wdeetrgen feAMFE At e a4
2 exuiw st EgE Ueth
(3) EPMA 24727 71Ag3AE 442 EdAZ0] oot fIdR33 =
Qe ANBEe] BAASS AASHAT FRA QFE FAIAAT. EF WS
nlRFe F2AE FL4T 20U
@) AL A7he Alge nrsTe A4 2 gFol EFs] detgen mEAHA
AR Al g «@dazs A3 derlidh
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Fig. 1. Schmatic diagram of wear tester
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Fig. 4. Friction coefficient as a function of sliding distance
(a) Cu-10wt%Sn-10wt%Fe-10vol%SiOz(f)
(b) Cu-10wt%Sn-10wt2%Fe-10vol2%SiOz(f)-1vol%Graphite
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(b) (c)

Fig. 5. Scanning electron micrographs of matrix species
(@) pin (b) counter disk  (c) wear debris

Fig. 6. Scanning electron micrographs of the composites with 10vol%SiOa(f)
’ (a) pin (b) counter disk (c) wear debris

(a)

Fig.7. Scanning electron micrographs of the composites
with 10vol%SiOx(f) and 1vol%Graphite
(a) pin (b) counter disk
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Fig. 9. Intensity of O

as a fuction of SiOx(f) and Graphite
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