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Proposal and Verification of Friction Coefficient Calculation Model by True Contact and Oil Film
(Evaluation of Piston Ring and Sleeve)
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The investigation of sliding parts takes into account
the coefficient of friction of the parts. When the
parts are in a relatively high-speed region, such as
the piston rings and sleeves in an engine, sliding test
performance itself is a challenge and the tribological
properties cannot readily be determined. Therefore,
surface roughness and waviness after initial familiarity
were applied to a stochastic method proposed by Liu,
et al., and the oil film thickness reduction coefficient
of Gupta, et al., was used in high-speed regions. In
addition, a new calculation model was proposed that
takes into sliding, which becomes a determining factor
in higher-speed regions. As conventionally performed,
sliding tests could not readily be implemented in high-
speed regions. However, a newly developed drum
cam test apparatus has made such testing possible to
implement. The validity of this model was verified
by comparison and the results of sliding tests up
to 8 m/s. The results verified that the coefficient of
friction in this model match very closely with the
results of tests using ordinary sleeve material of cast
gray iron (FC250) in high-speed regions up to 8 m/
s. In addition, it has become possible to obtain the
coefficient of friction in high-speed regions, which had
not been possible to determine up to now. It has also
become possible to predict the coefficient of friction
in high-speed regions where the velocities are equal to
or higher than in the verification tests.
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Fig. 1 Relationship between sliding velocity and
coefficient of friction
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100 T T T T
2.4. MEBO L w > BFEE TS E — sl ]
SEOEFLTE, Lo S Bk 2007 Catkiz 2l 5
LRIHE RS RD 2HWEHT, SERE4E BT §» .
W5, §
Fig. 3, 412 Fig. 1 O L w > BIHEIC &k 5 EERLT — g
AR EII L 2 £ RS B RO R0 F — 2 AR T @ 50 y
BRI, R S IR IIE A (bR AT ROk % 8,
H— 7 2 4 5000DX) & 7z, —100O 1 2 3 ;1 s
iﬁ*ﬂ é %J:l:$§é‘§— 6 & N FC250 li Ra 0.025, leaSII Position in S||d|ng direction [mm]
coating IZ Ra 0.007 & &> TH O, BRHED NS ik FC250
100 T T
05 ™ FI . .g 50 - -
P Al s
=3 ' AT [ W M 5
% 00 —,J‘u hw"h [ n'fmb l /w‘l ‘ LJLL 2 O— ) 1
S ||( | W : \ g
2 sl i ' =
[0] . =1
8 » 50+ .
5
? ot 1
-1 00 1 1 1 1
0 1 2 3 4 5
-1 _50 1' 2' :'3 4'1 5 Position in sliding direction [mm]
Position in sliding direction [mm] Nikasil coating
Fig. 3 Surface contour of FC250 after test Fig. 5 Comparison of surface contours



EFEMOBRICLIBERAREHETVEZOREL (EX M) 2T EX) —T)

Table 113 L w 5 B OmFRHHHR2> S L7z, Lw S
BRIOMEIST A -2 TH B, ThoDEMEEHWT,
PR DR %R, BRI O MR & FERE & b
Y 3T, TR OMGE%E i L 7-.

ZOLwdBBOEREIX, 540 OREREE 4 %
fEB LIFIEH Y A7 5727280, R(T)DES>5HY
25545 ¢, (2) IERAY, FEAITHE 6 2 AR EilT 5 LR
EL7-.

z2

e 207 (7)

¢, (2) =

1
o \2x

2, HEROPEMNE» S DEE T, o, (39EE S O
Wz /Ry, Ao A0MTHBE LTV — Ol
EARGRD 5 E M5 o, 2Rt L, KITEAL 7.

2.5 ERDEMAEE HAE

il U 72 "NEBIE, fiEE P, O ENR D AL A 52, A
L, @EMMEL 5720, h, KOENVNEBIZE 7207
DGEND B 728, "WE T d B EILEMmAEIZ 2 H 5 F
PTG 12 Johnson & D3 (8) A 7=,

2 - |Os h.s
pa,avzgnﬂGSE\/;F%(é) (8)

hy 13 Fig. 6 TERINZEMIMO G X, n 1 3MEOENE,
BIFZHHTEES O IR, E 3R oSt &Y~ &
T, X(9)DXHzEEh 5.

1-v2 1-v2\"
i=( 'L, VZ) (9)

E’ E, E,
ZZT, E, E, v, RUwIIEVETL— DY Vo=
ERTVVITH D, R () DBEFIF, RDLSIZFEKX
ns.

Rw=0n2[ (-we T (10)
2 "

WHE TR TR A CAIZ &k 2 ERmIRERLE
FREL VWA, KEEET I Tkl oLmil & & JH
HoOKkEEI>RDEEE L. ZORBEHAIZED D
728, Seabra 5 Nz X BFESJEHHRE P.C.F. (Pressure
concentration factor) ZHW 7=, ZhERX 1) DL IcFE
INhs.

2\ sanNB N
_ am (4 (11)
P.CF. c1<Anm) (R) (a)

Z 2T, C1=4.3884, a=— 0.4234, f=—0.4204, y= —
0.0155. A & Amp X ZNZFh, FiiD RO DPFE L IRIE,
a lFZNILYERERE, RIZY Y OSMith RSG5,
Z D, ~JLY B OmREIE, 5D OREBETUTORK

Table 1 Calculation conditions for surface irregularities

of sliding parts
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‘ Input of load, speed, material, dimension parameters ‘
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‘ Calculation of Hertzian pressure and contact dimensions ‘
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Fig. 7 Calculation flow
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Table 2  Specifications of apparatus

0.1 m/s to 8.0 m/s
Reciprocation stroke |50 mm

Sliding speed

Normal load 30to 200 N
Pin size @15 mm x 25 mm
Plate size 17 mm x 70 mm x 9 mm

Table 3 Test conditions

Sliding speed | 0.5 to 8.0 m/s
(Peak in reciprocating cycle)
Pin material Nitriding Treatment on SUS440C

Plate material | FC250 (Cast gray iron)

Nikasil coating on Cast aluminum
Normal load 100 N
Ultra Mild 10W-30

Lubricant
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Fig. 9 Sliding part during reciprocating frictional test
(4 m/s)
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