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An Analytical Study on the Lubrication Characteristics
between the Piston Ring and Grooved Cylinder Liner

Myung-Rae Cho and Dong-Chul Han*

Institute of Advanced Machinery Design, Seoul National Univ.
*Department of Mech. Design & Prod. Eng., Seoul National Univ.

Abstracts — This paper reports on the theoretical analysis on the lubrication characteristics between the pis-
ton ring and the grooved cylinder liner. The circular shape piston ring and two types grooves are consider,
and the minimum oil film thickness during the full engine cycle arc obtained by using iterative technique.
The comparative results of minimum oil film thickness and viscous friction force between the smooth and
grooved liner are presented. And various design parameter of piston ring and liner groove are tested. The
groove in the liner generally reduces the minimum value of minimum oil film thickness, but the maximum
viscous friction force is increased at the minimum film position.
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Fig. 1. Schematic diagram of single piston ring-cylinder
liner assembly.
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Table 1. Specification of test piston-cylinder assembly
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Fig. 2. Example of cylinder pressure variation at 3500
RPM.
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Fig. 3. MOFT and viscous friction force curve in a
smooth liner with rotational speed.
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Fig. 4. Comparative results of MOFT and viscous fric-
tion force curve between smooth and triangular type
grooved liner.
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Fig. 6. MOFT and friction force curve with groove
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between the parabola and the triangular type groove.
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B : width of piston ring [ni]
D : maximum depth of groove [m]
Fiwe  : viscous friction force between the

ring and liner IN]
F, : gas force acting on the ring back side

[N]

Fa : hydrodynamic force [N]
F, : tension force of piston ring [N]
R : total radial force acting on the

piston ring [N]
h(x) : film thickness function [m]
Hinin : minimum oil film thickness [m]
L(x) : shape function of cylinder liner [m]
L . length of connecting rod fm]
MOFT : minimum oil film thickness -1
N : number of pitch [-]
P(x) : fluid film pressure [Pa]
P, : pressure of crank room [Pa]
P, . gas pressure [Pa]
PT : width of groove pitch [m]
R(x) - : shape function of piston ring [m]
I, : crank radius [m]
R, : radius of piston bore [m]
t : time Is]
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U : sliding velocity [m/s] 0 : crank angle [rad]
A : width of groove [m] T : cyclic period [s]
X : axial coordinate [m]} (0 : rotational speed [rad/s]
€ : bound of convergence [-1 At : time step {s]
n : dynamic viscosity {cP]
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