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Abstract: A numerical model for the skirt is studied to consider the effects of the connecting rod inertia on
the piston skirt—liner system lubrication. The piston motion, the oil film lubrication model and the friction
losses of the system have been studied and compared. The results on a dual cylinder diesel engine show
that inertia of connecting rod also affects system lubrication as well as the piston motion, especially at higher

speeds.
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Nomenclature

BTDC-Before Top Dead Center
F.-Side Thrust Force
T.S.-Thrust Side

A.T.S.-Anti Thrust Side
Fn-Hydo dynamic oil force
Te-Gas Torque

TsFrictional torque around pin
Fi..~Connecting rod inertial force
h-Qil film thickness

n-Qil Viscosity

Fs-Side thrust force

mg-Mass of connecting rod
m,-Mass of pin

Myiston -Mass of piston

u-Piston Velocity

1. Introduction

Piston Skirt —liner system contributes a major amount in combustion engines [1]. Simulation of
lubrication between skirt and liner is needed from tribological system of engine. Li et al was first to
consider plot of piston motion versus crank angle [5].Skirt surface roughness effects were later
considered by Wong et al[6].Later piston design parameters were considered [7]. Inertial forces
were never considered which can never be neglected typically at high speeds. In present work
these effects have been considered for lubrication mode.

2. Numerical model

Motion of piston may be expressed as:
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Various forces and moments can be expressed in form:
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MS = (FgCg_mpiston g Cp_ Yp”mp)

Taking into account inertial forces the new system of equations can be written as:

I:ic'l'FBX'|'S'}' I:ip = 0
Where
Fie=-M pis (e — (%) (e — ep ))

Fip=-m i (et” - (%) (e; —ep ) )
I:ic_: -m pis Yp"
Fip = -mM pin Yp"

For connecting rod various forces may be expressed as:
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Fig. 2. Piston Motion
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Hence piston dynamics equations can be written as:

b a - b b a o b
Mpin (1‘z)+mms (1-7) +7"me (1‘2) Mpin (z)“”w‘s () +7%ma (z) [(]

a ] a ] .
Mpis (1 - Z) (b - a) + (%) Mypis (Z) (b - a) - (%) (eb
_[F's+FTan¢+S
—[ Mg + Mys + M ] (11)
F's= (Fy#myg+ Yy mytimeYe"igme)Tang-2-. — /SinB0"*r(1 — yme (12)
Connecting rod inertial force may be written as:
Fie= (MR Yr"+jgmg) Tang-2-%  — /Sin6O"r(1 — j)my (13)

Lcos¢
3. Hydro dynamic lubrication

Reynolds equation can be used to calculate the lubrication oil pressure between skirt and liner as:

5 ph3¢, 6P, & ,ph3p, 6P, 6h , u,bh S5(pop
1o 50 5y Can 5y Par D3y Pep + 0 =55 (14)

ox* 12n éx7 by 12n Sy

The average shear stress on skirt can be expressed in terms of shear stress factors ¢, ¢, as :

120 by + 15 b (15)
Various forces and moments can be expressed as
S=R[[[(p + pc)cosadady] (16)
M=R[f[(p + pc)cosadady(y — b)] (17)
FscR /[ [rdady] (18)
Mesk=R [[ [tdady(Rcosa — Cp)] (19)

4. Results and discussions

Piston motion equations are stiff and non linear differential equations which were solved using time
step Runger Kutta method using various engine parameters used are listed in table no 1.

TABLE 1: Engine Parameters

Parameter Value

a 31.3250 mm

b 36.9mm

C 0.05mm

Cg omm

Cp Omm

Jpiston 6.6200X 10" Kg-m?
R 30.3mm

lrod 7.8540X10%°Kg-m?
r 34mm
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Figure no 3 shows plots of side thrust forces. Values of side thrust forces increases while taking
into consideration connecting rod inertia. Figure no 3 shows the plots of lubrication oil pressure
with as well as without taking into consideration connecting rod inertia. Both plots show same
trend, however peak value of pressure taking into account inertia force (Figure 3,b) is lesser than

TABLE 1: Engine Parameters (continued)

Parameter Value

] 0.12

L 62.65mm
Mg 200 g

Mpin 81g
Mpiston 3639

n 0.03 Pa-S
L 121mm

normal oil pressure (Figure 3,a).
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Fig. 3. Schematic representation of side force [24]

Fig. 4. Oil pressure distribution [24]
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Figure no 4 shows top eccentricity of piston (e;) calculated by solving piston dynamics equations
considering various forces and moments. It can be seen that piston displacement increases while
taking into connecting rod inertial forces after TDC position. Figure no 8 shows plots of oil film
thickness as a function of crank angle. It can be seen that oil film thickness is thick enough and
engine runs at full film lubrication. Oil film thickness is greater while taking into account connecting

rod inertial force.
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5. Conclusions

This work considers the effects of connecting rod inertial force on various parameters of piston-
liner model. This force increases with speed. Side thrust forces as well as piston secondary motion
increases while taking into account inertial forces.
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