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SUMMARY 
In this study the squeeze film lubrication in an artificial hip 
joint has been investigated with Fluid Structure Interaction 
(FSI) method. A ball-in-socket model was created for 
introducing artificial hip joint and the amount of applied force 
considered to be constant. The pressure distribution and solid 
body deflection were calculated and obtained by making use 
of ADINA software. 
 
INTRODUCTION 
In Elastohydrodynamic Lubrication (EHL) problems, 
governing equations in fluid and solid regions, i.e. Reynolds 
and elasticity equations, should be coupled and solved 
simultaneously. In the previous works authors by creating a 
numerical program based on finite difference method, have 
solved these equations. Making use of scientific software such 
as ANSYS and ABAQUS which were based on finite element 
methods, for solving these kinds of problems were developed 
recently. One of early studies is the work of Jagita et al [1] 
which combine ABAQUS software with a user-defined code 
for calculating the pressure distribution and film thickness in a 
ball-in-socket model. The shortage of that study was the low 
mesh density which was about 900 elements on the surface of 
cup. Also they have considered ball is an undeformable solid. 
 
In this paper we have used FSI method to simulate 
Elastohydrodynamic lubrication of an artificial hip joint under 
squeeze film motion. ADINA software is used for constructing 
and solving the FSI problem. ADINA is a finite element 
software that can solve fluid and solid equations separately 
and has the ability of coupling these equations using Arbitrary 
Lagrangian-Eulerian (ALE) formulation. The algorithm of 
coupling in this software is so efficient, thus we have adopted 
about 14000 meshes for solid and about 100000 meshes for 
fluid part. 
 
 
METHODS 
Theory 
In FSI method governing equations for fluid region are the 
continuity and Navier-Stokes equations: 
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and for solid are elasticity equations: 
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The boundary conditions for FSI formulation is defined as [2]: 
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Where �� , ��  , �� and ��  refer to fluid and solid 
displacements and stresses respectively. The underlines 
indicate that these quantities are defined on the fluid-structure 
boundaries. In FSI method, equations of fluid and solid 
coupled to each other and solved iteratively until convergence 
reached. 
 

 
Figure 1:  Geometry of ball and cup and their assembly as a 
ball-in-socket model. 
 
 
Geometry 
As mentioned later the hip joint approximated with a ball-in-
socket model. As the model is symmetric, the quarter of model 
was considered for saving the calculation time and memory 
volume (Figure 1). The geometrical dimensions of ball, cup 
and radial clearance are taken to be as follows: 

(a) Radius of femoral head: 14 mm 
(b) Thickness of acetabular cup: 7 mm 
(c) Radial clearance: 0.1 mm 

 
Tetrahedral linear (4 node) elements used to discretize solid 
parts and the same elements used for fluid region. 
 
Materials 
Femoral head in artificial joints generally made of stainless 
steel or ceramic. Acetabular cup also made of ultra-high 
molecular weight polyethylene (UHMWPE) that is an elastic 
material. Table 1 is showing the estimated elastic modulus (�) 
and Poisson’s ratio (�) for ball and cup. 
 
Synovial fluid is the responsible lubricant in natural and 
artificial joints. Synovial fluid is a non-Newtonian fluid with 



shear-thinning effect but in high shear rates, like those 
experienced in artificial joints, it can be considered as a 
Newtonian fluid [3]. In this study we use � 
 ���  Pa.s as the 
viscosity of synovial fluid. 
 
Table 1: Properties of materials used for ball and cup 
 
 Elastic modulus Poisson’s ratio 
Femoral head (ceramic) 100 Gpa 0.3 
UHMWPE 1000 Mpa 0.4 
 
 
Boundary Conditions 
The center of the ball with A and B points (Figure 1) are 
constrained to move in the y-direction only. Substrate bone in 
the joint replacements can be considered rigid in comparison 
with the UHMWPE layer [1]. So the external side of the cup 
fixed completely. Symmetry boundary condition also applied 
for the cute surfaces of ball and cup. 
 
As shown in the figure 1 the applied force on the ball let to be 
! 
 "#�� N in the y-direction, which is in the range of forces 
experienced in hip joints [4]. Pressure of fluid around the edge 
of cup was considered to be zero.  
 
RESULTS AND DISCUSSION 
The pressure distribution on the fluid region, which was 
caused by ball movement and squeeze effect, had been 
displayed below (Figure 2). The applied pressure on the solid 
parts causes deflection which was shown in next figure 
(Figure 3). 
 

 
Figure 2:  Pressure distribution in the fluid film at different 
time steps. 
 
 
CONCLUSIONS 
In this study EHL under squeeze film motion have been 
investigated with FSI method. FSI method enables us to use 
more meshes compared with later works in this field. 
 
It was found that there is a good agreement between pressure 
distribution and film thickness profile which was obtained in 

this study with the works of Jagita et al [1]. The predicted 
minimum and central film thickness have an excellent 
agreement with previous mentioned work [1]. 
 
Finally it was found that a significant lubricating film 
thickness can be developed in UHMWPE hip joint 
replacement under these conditions. By comparing the surface 
roughness of cup with the amount of minimum film thickness 
it was found that regime of lubrication is not a full EHL and in 
some parts of the contact the regime of lubrication is mixed. 
 

 
Figure 3:  Fluid film thickness profile at different time steps. 
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