K &% : E2ojE2X|2 MEF XIHE 95K

Ezo] 2] P
) E-AleltA o] 7

©19551d 4,

erelo| BB AE AR
sho, Fuele o
x_-i ogg].u zdz;oiq}
g = olliia) § o

of e Apxa e

W
—

ol
o

dfl ol mx
o 3t o

\*J
2 L R
2

22
wo

Akaazp sl

Al oA 5
2% aA oA or 37194
Al A (aerodynamic design), o
cEET T 5 e AR,
2] A, 9 gl ¥z} A (turbo-charger)
nlolz 2z 2 Q% o] gd A3, A4
, 1EAA T A,

0

qeby

oz
e

oo rfr
ok
o
ot 10

w o
23

by
o
}m
rlr
rfl
w2 2

lﬁ O}ﬂ RS

off mo o fu do wx 2

w e Hof oo T

o ju & oo mu
>

_?L

o
)
[
X
|o

& 10 42
X A
I
N

0
AAR e

25% ==t &

Q% 15%b 7]
vl sley |

2 Hol=dy Ao 458 FAA717] A%
o]l AlmEla ek 53 slag-A’lY
Aol 4] bashe obdEA2 ol zlefl4] Al
£ Al vhaEAY oF 30~40% 2 QAo A
Hlag-Adrlv]e] HElE Fokel Eeto]lE A
A dFE ke Fasbeh Fag-AdvA
off o] whAEAL I AE Holl g &4
I 2E FHol o £4 Hojd 4 gl
|

Hez 543 m—a s, He 2 A
Ao Aol Aale} s aEAGA waEE B}

az1e FA4Sn em, M o]HE

o

Joz AwAl 4o FLEAL o3
£4%E A HAT 5 Yok ® =Y ndg
AN w7 T aEe] Ao =
¢ oelel Bl B At Huo
27 o] A7lHE 455 odrh e B
e ATk AAE-Y-4RIE] Aole] Echol%

2AH AFE Adshe HEH e
adazs Ay 2ol pass )

910/ KB BEEE F 3248 F119W, 1992 F



Eefol g Ryold o sa¥ deiidlel AT

=

& oz - 100% u

1
i e | 5

TR o} =
20% j 3e%
T 1
_ S
vaE 2 ey A | A o} 21
£ 4.5% ' 25%

Ef—’a*ll [ B ol 24
B B 1.6% 1.5%
%*EMH 0.5 | Lo b L
shed Elol® 0.5
27 4= 0.5
6]
)]

[ ed G Efeo]od 7] Eef
= i 6% 6%

02 1 Aok nEE el 8309 oz faw (EPA #ta),

5 e N
T B mamy ey EEEA
21% n - 0% S
/ S5 3827 L -
; % \ Loy |
_— n ]

| Bow aa | et |

Bolrt A !
K’gi'\ =) I’a é ’J ‘ \\ < [ J
10.2% ,‘x, /
VA // S e \ S ~ / //
- 3'{15“3 // /aga \-\ / //
R 2ed | ama s Y S/
2% RN [ e o e . §4%| N 7
N i s . e
N B O ofy 2AS \&\/ "
e B O A4S A
J 15% g
ta) $354], 2000rpm (b) 3}54], 5000rpm
38 2 AHA vpaEAs) HEE o] gk oA

T8 HEF g vlAR T T (1300,
471 %, OHV, z}%z olzxloz SAE 10W-30 #&8F 8, $2% 800C)

o) whagdo] ATl ekl M W A FHe) A ok 7% AR ARE
P o)
P AA

vhREAF 17~21%2] obAS a471A 5 g ¢ 9ln, n&ER T g o 3%

KEMHBREE B2 B 11, 19924 7911

lo Wi



3 —
umb_‘_dua T
o W OE R ST —_
@Jw‘oﬂl ‘muﬂﬂ: ‘orﬂﬂov o L
faamﬂa.# ﬂmgo AMﬂaMoﬂa T T T oE b
o 2= o — X e ofs =~ A oF o8 RE
kg s T 5 e SRR A e S
Wvﬂﬂ%mz_o xﬂw.OM uaiﬂam Aoﬂm otﬁﬂo =& .7ﬂ7%o‘_1_om. W EF TR
Y T R P | K o ; o 4 B 63 = )
]uTo o] ‘W_ waAMﬂl i < < = ﬁoio* . 3o o Jl\,myrrm% oru]Fdﬂ M,o]goﬁo
e ] ¢ 4 Iy I _ oo o o o zo
LT gy e o 42w owo,l7_§_ B oryﬁ,aﬂ 2 AT
T lro?o‘m.,n7_x j!ﬂﬂ..ﬂlt .\mﬂiﬂwiornw z o P CETY ~ T E .
5 o BT ERC I o T % T AN
TN 4+ do = o . el o . N Nfo =0 Ak L.o wo oA T 2 =Y T o R
T Mo — N < Lo 7! T r AT N T N
__oﬂl.g7ﬂ,%&% %%J;ﬂia T TrRANTE T o oo
o @o_aol,%%;_o wi&@f@ﬂ%ﬂﬁ@ wavwiiu T
Y = ™ | _ =W = % B 2 o _ -
lmgﬁi}%%u R Tl by T O w ¥ T FLUS
T = .i —_ or Lwo To J T L) &o DO = _ ﬂu; ‘_f — X
zﬂéiuﬂﬂaé q#qoamraf Lﬁotﬁiﬂﬂi %T}Pﬁ;pgg? q ® | F
0T L BT %%%péﬂﬂgan TrErabT e Tk
= - Ko} ; . = ™~ - T
w\_fﬁrbr_ﬁdﬁ%&dg - N :_n.ﬂﬂ%a{ = i
oaovﬂalwéowu 4“#1%?31 ST E ﬁo,€z4AT4ﬂu%9%qﬁx
ﬁﬂaMakx ﬂaﬂi]7uallfféﬁﬂgxmloﬁl = ﬂﬂoTMoo#alorJl Q\lﬂﬁh&mdﬂﬂa
o o aaivfwm1ﬂig%g4 L e R LoxxF
SR manmuwuél ;oo,%ﬁﬁﬁ,wn, Lo zaﬂﬂ%ﬂavﬂﬁfﬂo ~
xﬂy«oT S l)%.,ll _OT\IE\HHWIHM :iDTL.'zTu BTI_,/I ._,Ilw,yll%ot
Lodxa‘dl i _ — o o g ® =
Mﬂo,o‘ll al o ,)ZLi;,o\mvi = ™ o
ool Aot oailni W L T ﬂﬂﬂz@u]ogaan
e o , S E T LW of 1 o Mo = 3 M h
4w . T R T = S oz o omw
b0 e S S - -l S - 10w
£ o % S EET T Ga D3 e TTLTE
T ® Rl > T T W to 3 o
= o= — X
%euﬂ. .Alho]or_xxmrwh T WO +
ez T La?o%iHLDé B 3B
% Lo 4 l%vﬂulzf DO
wmoml‘%nb — ok M = 2 B T T oo B oF
ﬂ,,_ ~ x ™ , Jm w ® o 2 .M 7 T o va —
To 53 ﬂl_,]]]‘._ . o) ! N
R S o T © G T
Y il %44%%%%@ e
RS ~ T 9 w2 Jo KT ro 1 oy
M owa v o_..._ ,io = T e W ~ R ol = \w,.urh o
o ® B Kl nxrmﬂ%%uﬂ1wn% o o
I ,A%ﬂﬂmﬁm,ﬁ i
MU — ~ OT ._IT — i~ & ﬁo ol ﬂu o or
ngmnd., o Q%P%ﬂ?%&% B
~ 7 o B o B o O — o W
) N A o W o™ o W ooo O XV
T < ol q& JﬂX ,oﬂﬂﬂﬂﬂwlﬂwmvxﬂoﬁlr
L v = " T oF o ok 2o Nl Wy N
oo W 5 g = F oo - s
oT_ o) o o _L, —~ i d% Of o#a P ~r X oF oT jor 1o io
_ mawwlwu%%u T e T B
o T N Srome T A ~
AR A
X & R4

55324 119, 1992 4%

+
i

912/ KBBHBE



1(18)

W A%

=

Kood
[} Al

3 &R

of &

.

o

Qe 2] )
ufe]ol] =) 3]

F1(16,17)
=]

-+

= - A

& 5]l 4

]

v

Z

Lo]

5]
Fot,

=N
\

i

g7t i} 4y

o2}

341 7]
6) v

RS

b

T

L=

HoOFT L T M cy TER BT W =
B s W2 o TLT T S
R R R =
= Y = go B < A 60 ~ T
_‘w Z..ﬂ H,r L bt gy e S o ‘Hml.._ : ‘MurL m
N o . e T e A
wm RS R - < s = - ~ " B ¥
T ; . o L —_
P T ey owe ¥ 2 wHMOT W S
o 5l IR < 1 §
ST ¥ eI a TofsTa o =
W o e <° e ° —_ g olo < dﬁﬂ, R ~s A B ol .i T Q
I I T Bt e T =B B M@
PR R (. O Tl W T e T .
s N S SR T ok raprPdTLE o4 om
s o X ARG R R AR I U R
BN A 0 ON e w oo g - L = ® g b - ° ~
o OT_ mlO RS O.H, B E_ » m \_,.rﬂ_ S T 14 _ N o A xTu — T T T ﬁo — _,i‘_
oy Y — ™ T B RT T o} A“ ) io ~~ o o} ..i o) 0O ‘.IAFO o7
of ie? © —x 9 9 i o 2 Syl o o I wOF 4
Py @R o oo R " ERCS o , BV
it ..m. R O._P O*n\ o' = = —_ o = L ~O Ry e 0 HT — E}
: _ o —~ —~ ; . o T w4 i
B R N g TP U EEIN T o N
ORE W TR T B YT NH&;MWW@OQQOOM,O
i — = s b8 e
— — e . . X7 g I = =
e el ~ o0 O [ — =3 B Pn NN
— — — [aN o3 e S ]
- M . 1m|\ — —
NI S
= B e S I MEE Sy F ™
: - =. 3 ! sy T
WO W B ot M ok oo TN i’y ﬂ_.mo ML = = Wﬁ L Eﬁ‘ 3
=0 =0 T — e o e
~ o X S 5= i L2 a N —~ _
T e T 0T oo T2 o T - i o
e — , — . ox —
o e 4w ok W Wk T o4 O - a0 n ol _ s |
9T F e ogmww™  owo oo 3. p & W e X .
— zTu + il B ok ~ o =0 =0 . o ok oY o o o¥
Tow ) om g S wmod oo el T gy W S of
B0 oh oF ot T T o = I w o ) | 7z g X
0 "o o O o o T o} < on = =0 Ry w Y I M\_ o
Lo o o m —_ o W o o T = ay B F o £ o X P
alc) TLaTT L LvE 2 Fg 7 7T Xtz o4
- wﬂ ﬂ.‘_ e H WW ,m..or ~ ‘mmv =] moon = = - = ol X N} = N2 i o*.u
e e I L o T
Oy o — ook e = - T = L = do by T Y = o
o n 4 T — K o R ._ — N ~, Y ) s
ooz o RGN S uAE n T o4 CONR _ S
< e o e = 2o T 2™ D <0 — 0 o I T 3 — n T
o 8T @F X 4 F o= ) - =ff < e o#? i of < u o 9 g
= — & 4 RO T —_ .C e | g N g - X’ o o 97
FXERT LTI oW BT % M s ow oo o
o o T o — M L1k o W N w < o oF 3 o) W W o) T,
ﬂm.ﬂn ra o e ,..wm < Pk by e <] Lo ELA_ A S e S B e
T R I sl R S e IER U= 9 %ok w0l ok W T ooF T
= —_ R0 _ -~ o N 14 (T o K RN EY !
T BB ooh T ) MA. OB R of . ok N o e
ofF o B T Y b w0 Ho 5 ) E) B =N - « 6 © ™~ ©
B ook B RN B W R Pk o R i Ut

ol Al (Nissan Motor Co.,

& F 324 $ 115, 199247913

al

(Alfa Romeo ofl 2lof| 4] = &)®

1984)
o CA 20

£

RERHPT

aulg kel A



o

4
7u

o

ofo
)

o)

H

oo

Japan, 1982)

Y
7n
o
oo
)
,ﬂu

e

1] —119% 73

o

-3
-3

e

A

oln

A

32% =

p=3
=5

2IEE

6) et

—29% 7=

=

Ay 2

e

2B A=

Fod A1 A

5

A E o

‘WO

4
7D
vho
olo
=

)

B

o

A

NG

N

w

4
7U

—-~
i

B
o

=

o O O

O

g

=
A
a0

-

o 5}

A5} 7]

g‘

3] 1990 thofl

AT, & w7 7bs,
uOL/:}

r

71 ARE rba gl

]

b

5. AZIZHLOM EEto|EZX|2
A

Aol welw
Aol ahed)

o]

| ==

o

‘RO
o

{Jo
Nro

™

.1#

o
Mo
o
o}
oy
"’

bl

blow-by) ¢]

R
1

-

3L

44 o) AEConoguide

A4

(

e e e e

4 .
CCEE CIN

o 2
MM T N
= =

b oy
4o o 2
o n ﬂu%u
o FF "

il
e
o o thﬁc\ﬂ
ojn o o
%o 4 %o
o R 0 B

a
‘.;loﬂa ,H,o —
Ny ol F
oY TR
o wF w
AN M <F D
g
g
P
il
ao
)

Al =
et e
o
0 <
Mmoo
Tnﬂu.o o
N =
on Ma 4 MMH
A4 or _
R
i ]U_!.WL 5.0 Eo
" o O C 0O
=

[e]

SERS RN

4

NG

1

, "lEk2, CNG, LPG)

H

7

=

(s)

O Blow-by & 4l ¢]

A3
S|

=4

!

<

sk

off whi

Jo
=<0

&

)
w

o O

& 4]

_ﬂ] -5_‘1— =]

o
o
)
<

ettt}
ol

13} A 7kel Aepz] g AE A

1992 £

n
PN

& E32% F11

+
A

914/ KBEHES



Eojoldux Baold £ FAE-AuiAL T A

14) % <t &
15) g9} F&8F7F 97
¢ [

16) o &%

~

Qe Al Aueld EHE A7 HE AT
b olojnl oAt AL FEAINI S
SER PR R
oz e oA Fokel Zulold Aed
B 7o ek date dFwe das)

2o ARE A4, EFu 2, M
o W, AR A, HEadel 41, 3
Aol FFEE nAATel G QuE F7h

om et AaUy

AZ1ER] e W27

o) edmk Qe olWAl ZHaAl 7 nkel #HAS
A SpE el
el Fabe] Ak olr] ARl ofuAF

At @ *Hl*l?l A g 8% AlEeiE o2
wyEs weeks AT, & melo| ¥z
Azs F oadFAg efolek sl 4l el 4
Eojol 2ol ojse ojthsl Fasht /%
A3 djgrel vl A dol 7] wEel 4714 A
of dxle) of e ed, o] Pope| Wa e A
dFE AT A4 Aol Rz /)EEH
o Byo] qbml Hof Feo| shifeleh,

YolA g A mefolrin 15
ool HAGH LAEIE AR A
a4717F dimksl ofele Yokeleh reih Uuk
A A4 meelad gl
g Z2einl 2 watg w3eA sl wne

dr&ﬂ-r Aurska HEafol s AlAl 7l
of &+
I &

iy

Fol 4= oAl Ao} ek A2 7]
SAlurel Eedel Eeto
doz Asstn 9k,

HFoEH

(1) Kamo, R., Bryzik, W. and Glance, P., 1987,

“Adiabatic Engine Trends-Worldwide,”
SAE Paper 870018.

+ Bupara, S.S., 1979, “Analytical Feasibility
Study of a Hydrostatic
Ring for Application of Adiabatic Diesel

ally Supported Piston

Engines,” Mechanical Technology Incorpo-
rated, Report MTI-79TR3.

(3} Brombolich, L.]J., McCormick, H.E., 1988,
“Tribological Aspects of Cylinder Kit Sys-
tems in Adiabatic Engines,” SAE 880018.

(4) Parker, D.A. and Donnison, G. M., 1987,
“An Air-Gap Insulated Pistion,” Industrial

Lubrication and Tribology, pp. 124~131.

(5) Dann, R.T. “Auto Engines:Goodbye to
Conventional Design,” Machine Design, pp.
62~71.

(6) Hoshi, M. and Baba, Y., 1987, “A Study of
Piston Friction Force in an Internal Com-
bustion Engine,” ASLE Trans. Vol. 30, No.
4, pp. 444~451

(7) Furuhama, S., 1979,
Piston Frictional Force in Actual Operating
Diesel Engine,” SAE 790855.

(8) Hoshi, M., 1984, “The Study of Piston
Friction in Internal Combustion Engine,”
JSME 61st Spring Annual Meeting, Preprint
No. 1002.

(9) Hoshi, M., 1984,
Losses in Automobile Engines,”
Int., Vol. 17, No. 4, pp. 185~189.

(10) Dowson, D., Economou, P. N., Ruddy, B.
L., Strachan, P. J. and Baker, A. J. S., “Pis-
ton Ring Lubrication-Part 1I. Theoretical
Analysis of Single Ring and a Complete
Ring Pack,” Ibid, Ref 1, pp. 23~52.

{11) Moore, S. L., 1985, “Piston Ring Oil Film
Thickness-The Effect of Viscosity,” SAE
850439.

) Jakobs, 1983, “Zur Reibug dei Kolbenrin-

PKW-Ottomotoren-Rechnerische

“Measurement of

“Reducing Friction
Tribology

ge  bei

KEBWMBBE S 2K FH 119, 19924 7915



Abschatzung der Reibungs-und Kraftsof-
fverbrauchsreduzierung-Ergebnisse Motoris-
cher Untersuchungen, Goetze Fachschrift
K34.-

(13) Kuhlmann, P. F. and Jacobs, R. J., 1985,
“Possible Reduction in Fuel Consumption by
Modifying the Piston Rings,” IMechE, pp. 33
~42.

(14) Gumbleton, J. J., “Piston Ring and Cylin-
der Wear Measurements Illustrate the
Potential and Limitations of the Radioactive
Technique,” pp. 333~ 349.

(15) Kovach, J. T., Tsakiris, E. A. and Wong,
L. T, 1982, “Engine Friction Reduction for
Improved Fuel Economy,” SAE Paper
820085.

(16) Daskivich, R. A., 1980, “Sensitivity of
New-Engine Oil Economy to Cylinder Bore
ASME Winter Annual
Meeting, pp. 1~17.

(17) Takiguchi, M., Kikuchi, H. and Furuhab-
ma, S., 1988,
between Piston and Cylinder on Piston Fric-
tion,” SAE 881621.

(18) McGeehan, J. A., 1979, “A Survey of the

Characteristics,”

“Influence of Clearance

Mechanical Design Factors Affecting
Engine Oil Consumption,” SAE Paper
790864.

(19) Truscott, R., Reid, J. and Ruddy, B., 1983,
“Ring Dynamics in a Diesel Engine and Its
Effect on Oil Consumption and Blowby,”
SAE Paper 831282.

(20) Rhode, S. M., 1980, “A Mixed Friction
Model for Dynamically Loaded Contacts
with Application to Piston Ring Lubrica-
tion,” Proceedings of the 7th Leeds-Lyon
Symposium on Triboloby, Leeds.

(21) Saville, S. B., Gainey, F. D., Cupples, S.
D, Fox, M. F. and Picken, D. J., 1988, “A
Study of Lubricant Condition in the Piston

916 /KB BEIE 324 F11K, 1992 F

Ring Zone of Single-Cylinder Diesel Engine
Under Typical Operating Conditions,” SAE
881586.

(22) Wacker, E. and Sander, W, 1982, “Piston
Design for High Combustion Pressures and
Reduced Heat Rejection to Coolant,” SAE
Paper 820505.

(23) Wade, W. R., Harstad, P. H,, Rao, V. D,
Aimone, M. G. and Jones, C. M., 1987, “A
Structural Ceramic Diesel Engine-The Criti-
cal Elements,” SAE Paper 870651.

(24) Parker, D. A., 1985, “Ceramic Tech-
nology-Application to Engine Components,”
Proc. Instr. Mech. Engrs., Vol. 199. No. A3,
pp. 135~150.

(25) Chamberlin, W. B., 1983, “Lubrication
Experience in Methanol Fueled Engines
under Short Trip Service Conditions,” SAE
831701.

(26) Marbach, H. W., et al., 1983, “The Effect
of Lubricant Composition on S.I. Engine
Wear with Alcohol Fuels,” SAE 8317012.

(27) Baisly, H. W_, et al., 1981, “Wear Charac-
teristics of Fleet Vehicles Operating on
Methyl Alcohol,” SAE 811202.

(28) Chui, G. K., King, E. T. and Pedrys, F,,
1982, “Evaluation of Lubricants for Meth-
anol Fueled Engines,” Paper C3-1, Proc, 5th
ISAFT, Auckland, New Zealand.

(29) Furuhama, S., Kojima, M., Enomoto, Y.,
Yamaguchi, Y. and Kosan, 1., 1984, “Some
Studies on Two Ring-Pistons in Automobile
Turbochanged Gasoline Engine,” SAE Paper
840183.

(30) Furuhama, S., Hiruma, M. H., Takamat-
su, H. T. and Shin, K., 1985, “Development
of a Two Ring-Piston with Low Friction,
and Small Compression Height without
Increase in Blow-By, Overheat, and Oil
Consumption,” IMechE, pp. 43~49.1a

KSME



