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A Numerical Analysis of the Elastohydrodynamic Lubrication

Connecting Rod Bearings

Byung-Jik Kim and Kyung-Woong Kim
Department of Mechanical Engineering, KAIST

Abstract—The connecting rod bearing, which is subjected to periodical dynamic loading, is an im-
portant component of the reciprocating engine. In the operation of this bearing, significant parameters
are the oil film thickness and the film pressure. Peak film pressures of 20-30 MPa are not un-
common. So the elastic deformation of the bearing housing can have a significant effect on the bear-
ing performance. In this study, a numerical analysis of connecting rod bearing is investigated. Elastic
deformation of the bearing housing is considered in the analysis. Separate hydrodynamic and struc-
tural analysis are coupled through a direct iterative process. It is shown that as the result of the e-
lastic deformation of the bearing housing, the eccentricity ratio is increased, and the minimum value
of the minimum film thickness and the maximum value of the maximum film pressure are decreased.
The variations of rotational speed and cylinder pressure affect the minimum film thickness and the
maximum film pressure variations of the connecting rod bearing.

Key words—Connecting Rod Bearing, Dynamic Loading, EHL.
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Fig. 1. Journal bearing under dynamic loading.
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Table 1. Basic data of R&H bearing

bearing  width per land L 0.05715m
diameter D 0.2030 m
clearance C 82.55 ym
lubricant viscosity u 0.01496 Pa-s
engine  offset /' 0Om
crank length {, 0.1840 m
connecting rod length {, 07820 m
piston and gudgeon pin mass m, 82.10 kg
connecting rod mass m. 81.65 kg
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5o
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cronk angle, -9, (ieg )

Fig. 2. Load due to cylinder pressure of R&H bearing.
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Fig. 3. Load diagram of R&H bearing at 600 rpm.

Inner diameter = 203 mm

Outer diameter = 318 mm
£ = 214 GPa
vo= 0.2%

Fig. 4. Structural model of R&H bearing.
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Fig. 5. Journal center loci of R&H bearing at 600
rpm.
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Fig. 6. Minimum film thickness variations of R&H
bearing at 600 rpm.
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Fig. 7. Maximum film pressure variations of R&H
bearing at 600 rpm.
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Table 2. Computation results

min. A, (um) max. p_ (MPa)
rigid bearing 3.23 at -279° 35.1 at -10°
elastic bearing 3.08 at -287° 30.7 at -10°

o} qrele medg 7} A oddol Ha] A A Axt
of ulal AA vehdct A M) Aol &
FAlel Ao HAlo] dofvts A= zhellA] FH A f
b EA R FHAgke] oo}, A A A & S
Aol Ho) @A Ha G FAL) Haghe 247t o
2 Zd= 7he) 4] vhebiba glch. Table 200 74 )
A3h gra s At ooial 0 FAle) H gt
 H o ot sbe o] H gk vlaskedvt

2. & w0 g

Fig 8& 59| 8140 &= dstel] sa A4
A8 AL 29 Zeleh. £%7) MRS B4

F2) 2717} 7heha, ool wket wols) s34
g Y & FA] BYE WelPe) sehreld 2
A F7kahe AL % % slek,

Fig 9] 34 77 7 WI3hE ned, %9 94 ¥
Qo] 2z ot A o) A4 Sot Frkabd A
A A nalh oA 54 A 4ok 2

% 2k AR E B shEol B9 e A=)
o kel o|q s}t whge] whisl wlef )z 44
7] oot ol el Fig. 109 29 ok g1
Mehs S oy peld & B FEk 24

o mhel Heh fok o] hashs wEe wol F

r&‘lé":O{N

ﬁ
N
rlo

\i.
ol

o}, o] HE-S |93 ] =z 7} Oioqoﬂ/(-].‘:
o] ML 5w} 2713t nel Ha gt FAE 7
Zshar #Hv) fok FES ZFr)8hch Table 3¢ %2



Ay == wolze] BHLY war 43 o4 69

Table 3. Computation results for various rotational

_____ speed
min. A . (um) max. p__ (MPa)
500 rpm 3.44 at -292° 41.0 at -12°
600 rpm 3.08 at -287° 30.7 at -10°

Fig. 8. Journal center loci of R&H bearing at various
rotational speed.
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Fig. 12. Minimum film thickness variations of R&H
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Fig. 13. Maximum film pressure variations of R&H

bearing under various cylinder pressure.
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e  eccentricity, m

h film thickness, m

p  film pressure, Pa

t time, s

X RO m

z axial coordinate

C  clearance, m

F  load, N
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Table 4. Computation results for various cylinder pres-

sure

min. h_, (um) max. p_ (MPa)
70% cylinder pressure  3.25 at -288°  23.3 at -196°
100% cylinder pressure  3.08 at -287° 30.7 at -10
130% cylinder pressure  2.66 at -295°  48.8 at -10°

bearing length, m

bearing radius, m

~

rectangular coordinate system
elastic deformation, m
eccentricity ratio
circumferential coordinate

lubricant viscosity, Pa-s

SR O Mm & XX

angular velocity, rad/s

Subscript
offset
crank
connecting rod
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