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Fluid-structure interaction analysis on lubrication system of artificial
hip joint

WANG Lin  LIU Hui-ping XU Hua( Theory of Lubrication and Bearing Institute Xi’ an Jiaotong Uni-
versity Xi’ an710049 China)

Abstract: Objective To compare the method based on computational fluid dynamics (CFD) and fluid-structure
interaction (FSI) with the traditional Reynolds equation method in the study of an artificial hip joint lubrication sys—
tem. Methods Using business software Adina as a computing platform the metal-on-metal total hip replace—
ment (MOM THR) model was developed as the subject to establish the rigid and elastic CFD model respective—
ly. Results The film-thickness curve obtained by the CFD&FSI method had a significant depression in the cen—
ter which was more reasonable than that obtained by the traditional Reynolds equation method. The model with
elastic surface under the given load showed a significant deformation at the FSI surface of the acetabular cup fem—
oral head and the deformation was consistent with the pressure and film-thickness distribution in fluid field. Con-
clusions The CFD&FSI method used here was more reasonable than the traditional method when computing the
elasto-hydrodynamic lubrication of an artificial hip joint system.
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Fig.1 Schematic diagram of cross section
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th c d Tab.1 Model parameters of the artificial hip joint system
Py MOM THR
o /mm 14
1.5 C/pm 30
/mm 9.5
. /GPa 210
0.3
o Sun " /(kg* m~3) 7 850
/mm 2
/GPa 2.27
o 0.23
o /(kg * m™%) 1167
f /kN 1.50
m w/(rad *s71) 2
m =m, +f(m, - m)) @) m/(mPa * s) 1
N | o /(kg*+m™) 800
. p n/(wPa * s) 8.97
3 r 0: » /(kg* m™) 0.029
Py f 1o
MOM THR
2 1 o

1 1 mPa * s,
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Fig.2 Schematic diagram of the load
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Fig.3 Result of the fluid in the center contact region of the
rigid CFD&FSI model (n =1 mPa * s C =30 ym w =
2rad/s W=1.5 kN) (a) Three-dimensional pressure
distribution of the fluid in the center contact region of the rig—
id CFD&FSI model (b) Depth and pressure distribution of
the fluid in the feeding direction
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Fig.6 Comparison of the depth and pressure distribution in the center contact region between the rigid model and the elastic model(n =
1mPa+s C=30 um w=2rad/s W=1.5kN) (a) Feeding direction (b) Profile discharge direction
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