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ALE finite element simulation of oil storage lubrication mechanism

on bionic nonsmooth micro-pits in piston surface
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130022, China; 2. College of Mechanical Science and Engineering, Jilin University, Changchun 130022, China)

Abstract: An arbitrary Lagrange-Euler (ALE) finite element method was introduced to build a
mathematical model to trace the sloshing of the lubricating oil in the micro-pits on the piston surface to
help understanding the oil storage mechanism of the bionic nonsmooth surface. The free surface
profile and the pressure cloud diagram of the lubricating oil sloshing were simulated by the nonlinear
finite element solver LS-DYNA, demonstrating intuitively the whole dynamic process of the
lubricating oil sloshing in the nonsmooth micro-pit. The lubricating capability of the hemisphere,
taper, and cuniform oil storage micro-pits were simulated compuratively and the result showed that
the lubricating capaqility of the cuniform micro-pit is the best, being in agreement with the
experiment.
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Fig. 1 Geometric model of hemispheric oil

storage micro-pit
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Fig. 2 Finite element model of oil storage micro-pit

FEASE LA A% 3l 23 Lo (08 AR A AR S o
RV 37 A O s L5 245 g DO A 70 A 5 4 T Ak A R T )
W W R ZSRETES AT O E SRR S
S5 2 18] B R 5 B ik
3.2 HEERELSW

AT e U 7% 2 2 Bl 7 280 SCRRES ] —
L AENIMAR pare Ji s 2845 508 B (S BT . R
M LS-PREPOST # 4 #E47 J 4k B, #5400 45 SRR
T3 HIE 4,

(a) t=(9+2/6)T

A Fringe bevels
T

(b (=+4/6)T
B3 #EEMBTEINEAHNFREMGER
HMRFERBRARREENZE

Fig. 3 Free surface profile and pressure level of lubricating

oil sloshing during the ninth cycle by

transverse excitation

i ¥ i S 3 43 #r
Time=0,093498

S

W@Hﬂ;&ﬂﬁwfﬁ%@}%
0 -
22 i

o

(a) 1=(9+2/6)T

g ith S sh gl
ime=0.0965
B

(b) t=(9+4/6)T
B4 HEEBETE 9 A B RE R A%
E AT B iR

Fig. 4 Mesh regeneration of lubricating oil sloshing

during the ninth cycle by transverse excitation
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Fig. 5 Time history record of wave height change for
observation point A of three types nonsmooth
oil storage micro-pits during the 10 cycles by

transverse excitation
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