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ABSTRACT

Friction forces of piston rings for a typical SI engine were independently measured while
excluding the effects of cylinder pressure, oil starvation and piston secondary motion using a
floating liner system. Friction patterns, represented by the measured friction forces, were
classified into five frictional modes with regard to the combination of predominant lubrication
regimes(boundary, mixed and hydrodynamic lubrication) and stroke regions(mid-stroke and dead
centers). The modes were identified on the Stribeck diagram of the dimensionless bearing
parameter and friction coefficients which were evaluated at the mid-stroke and at the dead
centers. And the frictional modes were estimated to the full operation range. The compression
rings behave in the mode where hydrodynamic lubrication is dominant at the mid-stroke and
mixed lubrication is dominant at the dead centers under steady operating conditions. However,
the oil control ring behave in the mode where mixed lubrication is dominant throughout the
entire stroke.

= Qq7]480] : Friction force(¥}#¥), Piston ring(¥] 2& 7)), Frictional mode (V}A X E),
SI engine(SI 31), FMEP(r} &4 o f A ¢HE)

Nomenclature R. : Centerline average or arithmetic average

F. : Friction force at midstroke Ry : Root mean square .

f. : Coefficient of friction at midstroke R, : Avc.raged peak-to-valley hel‘ght

f; : Coefficient of friction at dead centers Rpax: Maximum peak-to-valley height

P : Contact pressure, Pa S, . Instantaneous piston speed, m/s
S, : Mean piston speed, m/s

*» 39, &9 7 AFsA I : Absolute viscosity of lubricant, Pa - s

@ : Rate of rotation or engine speed, /s
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H2E g9 ndATy YHE A s
A3} Y#(Ring pack)d ALY, &/ HEx,
Ady  @e]y(Cylinder liner)d AAZ|E
Table 19} A =AU

vjady 23#x)9 71297 (Base engine)
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A4y Ao & A(Square) Sl

Table 1  Major specifications of the friction force
measurement system in relation with the

piston ring lubrication

Base Engine, mm

Bore Stroke Connecting rod
86 86 150
011 (SAE 5W/30)
Density, kg/m’| at 15 C 851.5
Kinematic at 40 C 62.92
viscosity, ¢St | at 100 C 10.56

Ring, mm

T ( . ~
Top 115_ > -
R

Tension = 10.7 N
38

’Qz' 1’5
Second - I
043
L aa
Tension = 10.0 N
011 5.0
control

e d

Tension = 43.2 N
Roughness of liner, im
Ra Ru Rz Rmax
0.24" 0.39° 113 2.80°

"mean value of 10 points
maximum value among 10 points

t} updy 24 e s Aol ¥& 2F
(128 2+ol 1 Y (Floating liner method)& Wt
t} 4 A-AGE AANL 1§ govE 2=
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Friction Force, N
85350 0aa2a8
;

[ 180 260 540 70
Crank angle, deg.

Fig. 1 An example of friction force data (Second
ring, 1,000 rpm, 60C)
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Fig. 2 Frictional modes
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Fig. 3 The relationship between bearing
parameter and the friction coefficient

where the piston speed is maximum
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Fig. 4 The relationship between bearing parameter
and the friction coefficient near dead centers
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Fig. 5 The estimated frictional modes on the
full operating range (SAE 5W/30)
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Fig. 6 The relationship between friction mean
effective pressure (FMEP) and friction
force where the piston speed s
maximum
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