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LN DO F Recently an Al-Si alloy impregnated graphite composite has been newly developed
(F30) to improve the sliding characteristics of metal matrix composites (MMCs), especially

light-weight Al alloy matrix composites. This Al alloy-graphite MMC (ALGR-MMC),
containing a high content of graphite, has a very good self-lubricating performance
necessary for sliding materials under unlubricated conditions. The composite exhibits
better wear resistance than the matrices in wet air and the wear rate decreases
especially at high loads. The objective of the present research is to investigate the
friction and wear characteristics of the MMC under various kinds of experimental
conditions and then from the results its tribological characteristics will be elucidated
for the practical applications. Thus, the motivation, background and objective of this
research are described in Chapter 1.

In Chapter 2, more detailed explanations are given on the composition, other
properties and manufacturing method of the ALGR-MMC and other materials used
in this research.

In Chapter 3, the wear behavior of the ALGR-MMC in contact with bearing steel in
wet and dry air under unlubricated conditions has been investigated. The pin-lifting
phenomena of the composite are observed, and the height is constant at lower loads
and increases with load. The entrance and egress of wear particles into and from the
contacting surfaces bring about the pin lifting. The mixtures of graphite powder and
wear particles adhere to the sliding surface of the bearing steel, resulting in the
formation of wide, compacted surface films. The mean thickness of the films increases
with load to a few micron meters.

In Chapter 4, the research objective is to investigate the effects of relative humidity
(RH) on the tribological characteristics of the composite. Unidirectional sliding wear
experiments were conducted in air, argon gas as a function of RH and in water. The
friction coefficient is high at low RH levels in air, decreases with increasing RH to a
minimum between 50 and 70 % RH and increases a little at high RH levels. Due to
the lubricating action of a water film, the friction coefficient in deionized water is
slightly lower than that in air. The wear rate is very high in a severe wear regime at
low RH levels in air , decreases with increasing RH to a minimum in a mild wear
regime between 30 and 60 % RH and increases slightly at high RH levels. In argon
gas, the wear rates are very high in a severe wear regime at low RH levels, and there
1s no wear difference in air and argon gas. The wear rate in argon also decreases with
increasing RH to a minimum in a mild wear regime between 30 and 60 % RH and
increases slightly at RH levels higher than 70 %. However, the wear rate in argon gas
1s slightly lower than that in air at high RH levels. The wear rate in deionized water
is nearly equal to the rate at 70 % RH in air and argon.

In Chapter 5, the pin-on-disk type wear experiments have been conducted in air,
argon, nitrogen and oxygen under wet and dry conditions to investigate the effects of




the adhered surface films on wear of ALGR-MMC. From the results, the pin-lifting
phenomena, indicating negative wear, is observed in the early stage of the wear
process. The surface films on the disk sliding surface are also formed during the
initial stage. The wide, compacted films, consisting of the mixtures of graphite
powder and wear particles of the Al-Si alloy, prevent the surfaces from metal-to-metal
contact and act as a solid lubricating film. Thus, the film formation leads to low
friction and wear in wet environments, especially in wet argon.

In Chapter 6, the ball-against-disk type fretting wear experiments for Al-Si alloy
matrix composites in contact with bearing steel have been conducted in wet air to
investigate the effects of relative slip amplitude on friction and wear of the
composites. In the larger range of relative slip amplitude, ALGR-MMC shows lower
friction coefficients than those of alumia short fiber-reinforced MMC (ASFR-MMC)
and hollow silica particle-reinforced MMC (HSPR-MMC). Although the wear rate of
ALGR-MMC is higher than that of the ASFR-MMC and HSPR-MMC, the composite
causes no damage to the mating material due to adhesion of compacted films of
graphite powder and Al-Si alloy wear particles.

In Chapter 7, the main results of this paper are summarized.

WINEOES
(Fn30)

AR - C, @REEAMEIMMC), FrlicElba B E LTV =0 A5 48K
BAMBOBE SR ELZHNE LT, TAI=ULAGE-7 T 774 NEAME
(ALGR-MMO) 3 #F#BA¥ S/, ALGR-MMC 3% 8D/ 5 774 haah T 57120,
VS T CHREM LI L SNDHRMEEZ FTRTITRA LTV 5. BRI DWW TR D &,
B ZERICBNWTEMTHDL 777 74 FEWNAI-SI A4 &EMNIC LR, R @i E T
TZEDRENE L. A TlE ALGR-MMC Zfitilst & LT L, flx OB
T COBEBEERELZHEL, BSoNiz T4 R e o—/Ed b EZRIE~D AT Rer: 2 B
H5HDThHD. O LIEROBERLOENEZE —FEE LTWN5.

TR, AP THEMT 5 ALGR-MMC & O 0D 7= 6b (248 L 7= it BF o fiL Ak
ZOMEFEDOFE L T ORGSR RS,

B oRETH, MmO L ONE Y E5 P28V T, ALGR-MMC B st#ihsz 87 ¢
A DFEE THEAMELZ 2 E L TEREIT-> T 5. BBRFIZ ALGR-MMC B 228
F U AL L ERDZHENBESNDIN, TORLERIESIIEFETETH
LKL, S E TIIMEOEINCENZEDOE SNKRELRD I ENMRINE.
DY OFFE B0 BLG T H il IS BERER 3 B RICR A LY S R T4 T
L. Fl, AISSi Bl 77 7 7 A4 N OIRGEFMIET « A7 R B o Ehim BlofaE L,
IR DT DB R AR T D, Z OREOBE T EMATEOEME & HlokE<
ROHM, FRTHLIZarOF—F—0F W EIKERS.

BUFEIZBIT D BRI, ALGR-MMC O k7 A 7R O—H 2 K F 4 HHE ERH) O
WEBIZOWTHETHAZ L ThD. ZEZRPRRTIVT AW THIHEE 2 25K
LT, ElkhTIRzER R, T A E LT —HmT 0 ERERBR AT o
TW5. ZZEHIZR W TR E CHRBER A R~ L, xR E OB & L2 LT 50
~T70% TR/ MEZ /R LT-%, SR CHOMENCHEMT 5. F72, A4 RHKkF Tk
KIEDOTBIEAIC LV 2R L0 bIK T 9 5. L5 OKIEE TO N EERERITIER 1T
B VETERICE L, TOMEITEEOHEMILVED L, 30~60%TCHi/ho~A L K
FEREZ T, HICEmEICR D &Y ERERIIHOMMT 5. 732 AR TR
JECHEBEFEL 700 225 R & OFEWR A LR, F2, BEDOHEIZHE 30~60% T~
ANV REEFEIR & 72 0 M/ MEZ /R T2%, BRI O P ERRIIZE ST L0 &3 TRV E
ERLTWD., AU RBIKP OVEBEFRERITELR LT I D T0%RH & [F UfE
EThb.

BHETIE, ZER, TAVIALHR, BRAIA, BEBETAOBRERICBNTE YT 1 A
27 W D EEHEREEFER B 2 L, ALGR-MMC %1 U7=BRICIAL S U5 135 B D %)
RIZOWTHTHEEZIT > TND. WTN GBI DERENR~ A T AL DFE |
MOBSENELTWD., £, MERELRBOIICHEESE LIRS WD, Zo
IR LN D RIEE, 75 7 74 b & Al-Si AEDIRE Y & - - EBERER S EE) I
MELTOLOSLICEVERENT-bDTHY, ORI EARMEMEERE LCEML,




B LT 4 R OEBHEMATENT S, O OREITIE O BREE T C{REEE - (K
FEANLMX | BHIBBERELEBY TLI L AP TEONENHEETHD.
HNETIX, ALGR-MMC 287 3D T /LI =7 L5845 MMC 281 U, hsz 8
RS FE MMC PAGRBR A OTERTT b v T 1 o ZEEFERBR 21T\, BRI - BEFEARIEIC
B BRI T O IRIED B SOWTHAE L TV 5. WD THUNRFE R~ 0 IRIE D 35
A xbrE, ALGR-MMC 137 /v 2 i b E A EHASFR-MMC) & O 228 o U B kr
sEALAE S M EHHSPR-MMC) £ 0 HARWEEGE Z /R T . 728 & O EREEIL,
ASFR-MMC X O HSPR-MMC 1213 %1372 A3, ALGR-MMC (34 ~ DB M:, &
RO BLHEROBEITHERRLU T O e L0, SERET 27 2 HbET-2EEERT
IEN R Z R LTS, 2T ER L7 T 7 74 & Al-Si B4 O ERERME
O R R A DT D Th 5.

BEETHE, KRBT 2 EERERZEH L TN D,

AR

B, SIRTCHNCHEGE L= ZFLUE 7 T 7 7 A MEICERL AISI 4% iR - BE T T
ZIEZ TASi @3RS 77 74 MEGHMEHALGR-MMC) ) 23BR% SiL7c, Z O}
IRER DAL & 1T ERTERAID 2T 7 7 A b &% E(50vol%LL E)ICE 2, B L
W B ENR B S L TR STV D, ALGR-MMC [3FFRYTRIEZEIC B W THEAM D AI-Si
BTV, THEFEMEIC B W CIEFITER T D, AFREO BRI, WE, fHxf
M, RO AFICER LT, fix ORBRSEIET T ALGR-MMC D FEER - EEFERRME: %
FECHE L., SN RS EEM & L CERME~O AR E R Z L TH D, &
fii L F CIBEREMERM LT 528, 77 7 7 A M & AlSI B8N D> 5 Ik 5 {5 g7 5
DR OB R ISR S, B0 REER . FRICIR D ARTEME A R T b R 7 E AT
BIEE UCHERET D 2 &, 1 0 BREE P CHiE M~ DB O NI X VB OFF D
B BGNE U CHEBEEEOR LICHFET 52 LR EH LVMENRSE LN, £,
ALGR-MMC |2 B89 5 EEFEHE DOE T VDR S, S BB & L COERLHICZ
OBEN R ENTo, VL X0 AR, B RO ZERERFEAM AR SR O Bl i)~ &AM %
HTHEFICEZOD DL L TEOMIEEZRODLZLINTE D,

(AL SCATE R ]

(1) ZEALERSCATES B SFRL15E3H 4 H ) FRT1IRE~ 12055838, 120~ 12RF3000 &
BEINE

(2) AFRSCATESHES - 4 14

ANPESTIE, WFEER W5, RBROTE, BRI - BRI RIE T E - R -
FFEN ABRBE OB, (FEWIEOR R, BARE L C OB OXE), BEEMEET
b, FERLAIE 2O, fERIC OV TRERE ORI TN, T LEHE D]
BB 7238 IO W TE E ERAN H - 72,

(1) 77774 MIREED AR CREMEERZ BE L7220 &V D SRR 28 H 5 235,
FERI XM EERENE D ) B L TV B B IC W T

(2) BEFE A AT LY & T T AR CTEEREMEA M BT 2B EIZ OV T

(3) (TEWIEDIE S —1E & 72 HHPH CTHEO HBENS A U HFLHIZ OV T

(4) (B L BERER) & ORI TR0 BNAE T 005D

(5) BEAERNBEIKF LT RT AT 4 v 7 B b a2 rdHE, /-8 E CHEET HHE
=2}

(6) BHABEMTIEMETH 20, BLE CIIKEEE TEDOILVTCRIEN & 2D AREM N H
)

(7) £ 6 B30 BISUIARMIE THIO TR S8 LWBIS ) 20K & LT
FE S OBMEE ST E 2 520D

(8) 24°C—7E THIXHBIE A ZE 2 TEBR L TWH A, RBRIEE 2 2L S B354 10 R R
(ZATNEEAL DA U D >

(9) BEREDBERBINAEL B A =X LIZHONT

(10) WEMERRHE T ALGR-MMC D EEREMEA AT L 0 © 45 5 FH

(11) EBEOEhZ & L THERT 258 T X0 EENRRELS R ELHY, ZOBEOIRE




FATFEVFEIRABIZ 22 0 | B dr Bt e L TEE TE 22 < 22 D TiEpun e

INOLOEMRERIZOWT, AFEETENO —H Ay FBRH o723, BREL

—W VD ETIREEEIT ) LN TE R, FAEIBOREERBIZI VTR, 0w

(ZBE S 20 OFM e A L, 5% S SITHEZ D TH L T2 O +53 e bFJEe /) 2 fif
ATCND ZEDHALT,

VETZESIT., EROICEL CRUREEN PR LERETHEL TR, £
BESIE— E0>7k$&:2§>6 R LTz, ETAEEBORKRBRIZE T, #5E
1T, FRSCIR B DNV PR ST B S A BF D VR & WBFSERE A A LT
EoHr LT,

< b S
@«ﬂ%%ﬂﬂl
‘H]]HEB‘M_\T

lE§

(e A iE ]
FAUFEEZBRIT, WSCEEMR. PO SCATERRE R M O AR B R & B R

LT, AN jCZ)\Té*?t(I%)@%U Tk T D &Hr LT,




