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EHL Analysis of Connecting Rod Bearings Considering Effects of Temperature Variation

Byung-Jik Kim and Kyung-Woong Kim*
Digital Appliance Research Laboratory, LG Electronics Inc.
*Department of Mechanical Engineering, KAIST

Abstract - EHL analysis of connecting rod bearing is proposed which includes effects of temperature
variation in lubrication film. Lubrication film temperature is treated as a time-dependent, two-dimensional
variable which is averaged over the film thickness, while connecting rod big end temperature is assumed
to be time-independent and three-dimensional. It is assumed that a portion of the heat generated by
viscous dissipation in the lubrication film is absorbed by the film itself, and the remainder flows into the
bearing surface. Mass-conserving cavitation algorithm is applied and the effect of variable viscosity is
included to solve the Reynolds equation. Simulation results of the connecting rod bearing of internal
combustion engine are presented. It is shown that the temperature variation has remarkable effects on the
bearing performance. It is concluded that the EHL analysis considering effects of the temperature
variation is strongly recommended to predict the bearing performance of connecting rod big end in
internal combustion engine.

Key words - connecting rod bearing, EHL, temperature variation, cavitation algorithm

71% £ eccentricity ratio
C clearance, m £ strain
c specific heat, J/kg'K u mixture viscosity, Pa-s
E elastic modulus, Pa Mg liquid viscosity, Pa-s
e journal center position, m v Poisson's ratio
F load, N @ circumferential coordinate, rad
h film thickness, m o, crank angle, deg.
Zf hleatt filzsuf)atlon rate, x —_— P mixture density, kg/gn’
1 elastic deformation of bearing surface, m2 piq  liquid density, ke/m
h, convection heat transfer coefficient, W/m*.K G stress, Pa
£ thermal conductivity, W/mK T period of one load cycle, s
L bearing length, m @ rotational speed, rad/s
P pressure, Pa3 Subscript
q flow rate, (rin /s atm  atmosphere
I; bearing radius, m avg  average over one load cycle
1 :;arrnnepesrature, K c connecting rod big end
. s supply lubricant
u velocity, m/s PRy
U surface velocity average, m/s @ average over lubrication film or bearing surface
AU surface velocity difference, m/s
X, Y, Z rectangular coordinate system, m e
x circumferential coordinate, m
z axial coordinate, m A9% == 2“03%194 ed 242 oy b
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B viscosity-temperature constant, K Ft] wEel FuelA 2Ase 34 sh2d
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Table 1 Bearing dimensions, material properties

and operating conditions.

width of asingle land{ L | 0.05715m
bearing radius R 0.10I5m
clearance C | 8255um
density Pia| 850 kg/m’®
reference viscosity |Hiq0| 0.095 Pa's
Jubricant reference temperature| T, 313K
viscosity-temp. const.{ £ {0.038029 K’
specific heat ¢ {2000 JkgK
heat conductivity k| 014 WmK
elastic modulus E | 214GPa
com:z;ting Poisson’s ratio v 0.25
heat conductivity k| SOWmK
crank length L1 01882m
connecting rod length| / 0.7823 m
rotational speed @, |600 rpm (cw_)‘
operating supply pressure s 1 0.2758 MPa
conditions | gypply temperature | 7, 333K
ambient temperature | 7., 333K
heat transfer coeff. | A, | 100 W/m*K
boundary temperature| T, 333K

Table 2 Simulation results.

isothermatl thermal

analysis analysis
min, A, (um) 4.7 3.8
max. Py (MPa) 31.8 318
B g (KW) 1.45 1.32
Gin, avg (V) 0.038 0.025

Gou,ave (1/5) 0.037 0024 |

| Taror Tug(K) 3557 3589
MEX. T (K) - 4083
y - 0.42

crankshaft_ ?3:;\
~ N,
/ AN

{
WYy !
.

Fig. 2 Load diagram.

p=ps, Ts =T
/ p=pig . P=0

il

P=Pyypy, 91/02=0
Fig. 3 Film model and boundary conditions.
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Fig. 4 Connecting rod big end model and

boundary conditions.
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Fig. 6 Minimum film thickness.
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Fig. 7 Maximum film pressure.
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Fig. 8 Heat dissipation rate.
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