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SRR AR PR T LV ORES R BBEREE T ISR 2 mVMEHEE - IHAED SR D, FERD BHIOR RIEAIVLERIZ
FVHBEOREBEZBGEL TEZ. L, 4, Mo X2 SmE LR Ia L >o5 5. =
ZCARMFE T, BIRBEANER O 74 Re o—fEom BICEH L, BEEO b7 A4 Re o—ER,
Wb d TP UA) ORIEE LT, RuH S & EEREOZE LR X OB MRINAI B O BEEARY (~F
ART 4 VL) OEHBIGE VBT, ZhbOBRPREBREICKIETTERBENMAEZEL L &b, YIlRT
BOWET J A RERE OB LRI R e A B A Z L A BN E L=,

K, UUTORTELVERENS.

W1 TR T, AR R, BREANMD b T A R O—Hkds X OMREE 55 2B B ek O BrgE

Riia—7 4 V725D N4 R U—rEdeEO g2 8l L, T8 E N & 3RSCORERIZ DN Tl 7z,

B2 E HMHEa—T 0 V7 BNEmEALEO N7 4 Ro V—HICRIETTEE] T, 14 YT NIRKE
(Diamond-like carbon; AT DLC) EDMEE =2 —7 1 > 7 %MD BT, FEMEMAIOM G O N8R D _ff
HOERM GEREA) HEHE FICBWT, DIC AEEMTThIRmMBLMD N7 4 Ru V—ttich x o8
IZOWT, BEEE - BERERBEIC L 0 R L, AKFELDLC (a-C:H) 1%, FEMMOMEIC LS TEBIREOIE TR L
OTHEEREM DM LA FEBT 5 2 L 2SI L. £72, W 28 Te/KE N DLC (a-C:H:W) TIX, S RIWINFI%EE
TeFEAHMIZIBVT WS2 OIS LUNDLC HI3RD 75 7 7 4 b OREE b SOBEEO AR LA RS 5 Z
LHET LT, UEORREERIELT, NIART /LA & BEEIEHES L OO MEEREM: O BIE & 3688 L 7= fE 5L,
FEER S ORI 1T EE R i ORI b/ ) VRS OIEER E IEOFEBN D Y, IHEREMIIEEm O U ERIEIRE &
HOMBENRH D Z L ER LT,

3 5 TEAMEETO MP 0PI CAREE b T4 R a O—R ok T, £FERMBETICRENT
MnP O ZR AL S 38 K ONMnP FE AR EAS MnP H & 3 L ORI CH D RRBEANBD N T A A e U —RElIZ 5 2 55
Ha BEER - BRRERBRI A O CEEIIZIEE L, MnP NERICOIEV EGET 2546, tHomBEEE LT3 &
LM LTz, & 51, MaP AR OERENINE 57 OFIABL CTh 5 Rl & WA RITTEEBIC OV TRET L2 #5 R,
MnP ZLERERIZ 33UV TUE, MnP OEEBRIC & b WEE T AR T ICITE JARRAEL, P TFART7 4V ADOFEKD
PRETHDH LB

854 7 [MnP ALERZ O E 7 7 2 F v DR E Y & AR KT T2 TiE, MaP ORTLER & U CHFEDIN LA
LT ETo7EM (GMaP) & a sy T TR MUERAIT o 72 HA (GHSBMnP) TIE, MaP EEHOSET 7 A F %
DT HZEEZALMNI L. WRIZ, 8B - T ROEBRIZE D MnP B EIN-HD b T4 Re o—Ftk &
ORI OB A A L, GHMnP OFEEEICSIE L CW AT (252E) O HE AT G+SB+MnP (2L
LT/hEL, ZOBENE MP L TR CTERSNIZRET 7 AF vy 2 KM LIZbDOTHDLZ EEHBLNICL
7. &6, MBEREREAREREI CEREANMEL L TELDZLE2RL, KERMEREESZEET S
G+SBHMnP Hebf DK 1 & R ABPTEUL, GHMP A & I L CHREICS W2 2L L. LLEORREND,
MnP {LAALERSE D ST 7 AT ¢ IZ BT D2 EEOREALD 100 p* FELLTTH Y, Zivd OEEHS R meE
MHZZEE O 1,000 &/ mn®) L7ZJBREL 45 Z &7, REMME LUK ZEBSEL2BANbLE LN L%
w7z,

%5 3 NEWHREMFN MnP L0 b7 A A u P—ic T8 <L, EIhENAIRRkD ST AR 7 4
VBTG L SR BERE L DBMRICER L, 22EA M (Fully formulated oil: FFO) B X OEAERAHIZEEND
CTINFRNTT A Y NS H L2 (VZnDTP), EIEENE Ca iEEANCIEH L7l (+Ca detergent) Zfiif
L7z Lw 28R AIT o7z, ZOREE, MaP B OER Hif X, FFO 38 X OMZnDTP MV T CIRERE N E & A
WD HNDHM, +Ca detergent BT TIFum S OERENHET & & B2, XAFAERMHEND ZL2HS
MLz, RIS, BREEZ AT D N TART 4 )V AIBRIZ OV CREMZHE 21TV, +Ca detergent H ClISMEEER
FHVDRBRAINAL R T AR 7 4 VLADEENE E A ERO SN TEENET LT WIRITH D0, KBk
WITRHINC 100 nm FREEE T R T4 R 7 4 L LR T FFO 38 L UZnDTP HOBE L RS DEL %2 B 6, CaC0,
BLUCaO MO I NI b T AR T 4V LOFRRIZ LY, THEREMEN R L35 2 LR LT L.

%6 % MnP & DLC DFATIC I BBRIEANAD N 74 Ao P —REodks#] TiX, 65 = CTHEH LZEEmR
MBNC XD ST AR T )V DIEEZETOENZTEH U7 B 7 BEEEMET T X DA & 2R AW & 138722 588




£ LC, MnP ALBE S AT O BB O SIS\ C RBLATREEIA 2170, a-C:Ho 13 WnP ISR FT OREFES &
OBEBRAR B IR S0 = & 72 <, WP W% OIMBE IO V5 & OV R A T REC o 2 = & B B
2L, WU L ADBGEC K B RE RSO LTI REHEE A . E7, X RBEOMR SR
I IEBORME LT, BRI LRI O (KRN 55 OS5 = 2 AR LT

W TR T, ARCCEBLIARICOVNTRIEL, SHOBTICON T,

8% - WSCE B, I 2000 F2 & 5830 300 §E4 1R ORI 50y, b L<IE3EC 800 554 LR H L TS 20,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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Gears for construction machinery are required to have high reliability and durability under harsh operating
environments, and conventionally, the surface damage of gears has been prevented by case carburized steel.
However, in recent years, the development of high—strength technology by heat treatment of steel is becoming
saturated. Therefore, this study focused on the improvement of tribological properties of the case
carburized steel from the viewpoint of so call “running—in” , which is defined as the sequential change
of frictional surface morphology. With the aim of the establishment of technology to prevent surface damage,
as a factor of improving the running—in, the tribological properties of Diamond—like—carbon (DLC) and
manganese phosphate (MnP) coating were evaluated in detail using a ball-on-disk tribometer

The exposed steel surfaces after MnP coating worn away were protected from wear by the evolution of
triobofilm under the lubrication of either a fully formulated oil (FFO) or a test oil containing ZnDTP
(+ZnDTP). Conversely, surface—initiated cracks were formed on the exposed steel surfaces. However, using
a test oil containing Ca detergent (+ Ca detergent), wear in several um on the exposed steel surfaces
where no cracks were observed were progressed. Therefore, the worn surfaces lubricated with the +Ca
detergent were investigated in detail to clarify the relationship between wear and the crack formation.
It was found that no or less tribofilm formation and cracks on the worn surfaces occurred and the wear
of steel was likely to proceed at the beginning of the tribological test. However, the wear resistance
is improved by forming a tribofilm composed of CaCO; and Ca0, which has the same thickness of about 100
nm as the case of FFO and + ZnDTP oils in the latter stage of the test

It was clarified that a:C:H:W can smooth the exposed steel surface and suppress the occurrence of cracks
after MnP wear without increasing the wear and friction coefficient of the MnP—coated sample. In addition,
it was shown that the tribo-pair of a:C:H: W and MnP-coated steel without the occurrence of the
surface—cracks has longer solid contact period at the initial stage of the tribological test than the
tribo—pair of steel and MnP-coated steel with crack formation
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