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BEBEAT YY)V PUVoREXNKRE LTI RX A —Rm EOSEH T A ER IR N TWS.
FORTHI NV VU PUVELNE P UBIZONTYH, BREILEERT -0 DOEEEL - K
7V 7 vavik, BICXEERS (HC,CONOX ) &AM I R & b3 2 BER AR O KR
DDz, =P UHDKRY vk, BRESLPREL 2oTWV5.

K@%, BBERAT YY) v v D UMOERRER, K7 Y 7Y a Mok, B8 KON T X KRS
REFIHBERZ VD UVHOY Vo, MEASMEBICET 2 EZA LOBRELENT L, BiiZREH /b
ERIETVIalb—valilid N FA R e P—BE ORI & £ L7z,

FIE [Fik T, BBEAIY Vv o P Vit 0y PV MoEREN, MEHERBOEE
HERT L LB, TUPVHMICRDONHBES, TPV HOBMERY I 2=V a  iCED T
AR eV —BEOMF FHEER L ET, KRB L ARIOBRICOVTRLE.

BB T2 VUHP~ORBHROER L HRETRAFEOHRE] TIX, EBIY I 2 Vrick
TJ OB RERENT LR FREZHET I FHEC OV TR ZIT o2 BREFREZEM ST 5 ER
Z, RRAR— MERT VP UVBIORAEBT YY) v DU 2E-sTHREL, BEARECEETS
BEREZALNI L2, 7z, REFREORKHEMEZEAT D & 2RhA, BRIZK D HREDOKH
BleEme RS —&HTHZL2RHLE.

HIE [V DVERRI LYY 7 MNERICE X ZERERMEIT] TiX, =V P UVBIFRY LEFRICK
BT ZERMBTZITV, =0 b7 OB E Y PEKNOXRE SN L, TWEFER ILFZnDTPD
DRPELZ L THLABREAEMT A LERLE. 2O D, 2V PV M I7HERERD D Z
ECR— U DU IR0 AEREOEERN LER o/, £, VU UVRKRBENR Y LAEERIC
BEETIZLL, VY VRAZERBELBREZa b — VT35 ¢ T, A—o P VB MRED
N LBEREEORBEMN M- 7.

BAE ME7 YV 7 v avo PV BT2E8REER LRFIER L ZRAMRE L O] Tk, EBHXE
FBBEEZHFO LD UVICBITI AT ANEBRERICLI2EREEMEORT Uy VERALNL, BT
—F—uy h—REAEE COEMENL, K7V 7V a MLICK3EREDRORELITo-. O
B, HTHSKE2.0mPa-sEEOEME T TREM EVXHFEFTE, BITMDTCEE L= v ¥V #ITERS
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B oBRBmEHRPREL, EBRBAEE VU TEOHRIEIREIRDIIEE2RLE.

#58 [KE7V—DLCa—FT 4V HEHAT VDV ICBIT 3 ERRBEEREAIC I 2EREDRLEA
fEEE] TiX, AR 7V —DLC (ta-C) "V 7V 7 X —%2 @A LIz PV ICE/25W-30 GF-4= ¥
VHOBRMNEIToR. TORR, BIRREBEFABFOBRNE L CKEFEOHBIZ LY, HREMERE,
5W-30 GF-3 MoDTCHRANM IZ %9 % 10-15E— FRE A L RHEEE T0.5%, HAMIZH L TiX, 1.6%&L
2, BREFMEL THMoDTCE G TIXE RE F M 23 10000E4T kmER E 72 D123t L 15000kmzE
ITETHEHELTVWBZ LERLE.

#6®E [KFK7 YV —DLCa—T 4 VI ~DOBEEFEAEAEERNT <%, 27V VE/ FLV—LO
X9z AF NN, KFRZ7 YV —DLCta-C)RETTZ V7 v avyZERTHIOICMZT, BHOSTHEE
ERERVWIT IR DRI BRI N THREEREL R THRNR2EREZRTI LD, REZE
BEEABRK - SHAOBBMCIBERR L L  Pa—F—vIa2b—Va Vitdo THYT 3Kk
ERELE. TORE, ta-CIt L 2BERRTIE, BEEREBTREZV Z7varRdmnolestL, 7Y
Y VHRARCEBILAKRAIREEATDIETZV 7 a v PNMERTAZEND, FTARTFIHINVERIZ
XV RBREICHRE EOHRBRERL, 7V 7 varMEBTHZ L& RLE. MxTaryta—
= Ial—valRLoTHLbERBRLE-BT D LEZRLE.

BIE (KR 7V—DLCa—T 4 VITHEHAT VP VITEBIT 50W-20KR B OBKRE] Tk, xFEZ
Y —DLC (ta-C) "ATF YV 7 Z—%@FH LI P IZBWT, 5W-30L 0 & B IZEREDOOW-20T H
K7V 7 va LAl DV HORNEBZ oz, ZOME, OW-20- 0 VUM TIIARETZ U —
DLCa—F 4 VI RHEAINTWVWRWHRHOEEBIZL Y, REUBIIIEEFREA MoDTCH LV R
HWThdZ L, EEETROLIRAIANDHETIREICEBNVTS, KRZ7J—DLC a—TFT 47
WWEV 7YV 72 a Xy bRIBIEBTE, 7V 73 UFR%20,000kmETRE S CHRFTE 5
ZEERL.

HBE [#fE] TRARIXTHALNLKRERIEL .
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Automotive gasoline engines are required to increase energy efficiency and to reduce emission gas in
terms of environmental-friendly. Low viscosity and low friction engine oil is investigated to realize fuel
economy improvement for environmental-friendly of gasoline engine. Furthermore, low phosphorus and
low sulfur engine oil is investigated to prevent poisoning of catalyst to purify emission gas with HC, CO
and NOx. This paper reports studies on practical performance of automotive engine oil to reduce
viscosity, to reduce friction, to reduce phosphorous and sulfur components in engine oil for emission
system protection. Additionally, tribology phenomenon is studied by experimental surface analysis and
computer simulation to predict chemical reaction.

In chapter 1, the background and the objective of this paper is discussed.

In chapter 2, prediction formula of fuel dilution is proposed based on fuel dilution factors.

In chapter 3, precision of valve train wear engine test is improved based on factor of wear in camshaft.
In chapter 4, improvement limits of fuel economy is studied and GF-3 0W-20 engine oil with practical
performance is investigated.

In chapter 5, GF-4 5W-30 which is suitable for hydrogen free DLC coating is studied. It realizes low
phosphorus, good fuel economy and extension of fuel economy duration.

In chapter 6, low friction mechanism of short chain alcohol is studied by experimental method and
computer simulation method. The result shows reactivity on top surface of hydrogen free DLC coating
and generation of O/OH termination on DLC surface are important.

In chapter 7, OW-20 low viscosity engine oil for hydrogen free DLC coated engine is investigated and it is
found that MoDTC friction modifier is effective to improve fuel economy and to extend fuel economy
duration.

In chapter 8, all conclusions are summarized.




