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Contact Stress Analysis of Artificial Hip Joints
Using Finite Element Method

Chung-Kyun Kim and Jong-Deok Yoon

Tribology Research Center, Hongik University

Abstract - The modern orthopaedics frequently uses the total hip replacement in the artificial hip
joint. The wear in this joint requires a re-replacement of hip joints because it is under the severe load
and friction conditions. To solve these problems the previous studies have been mainly focused on
the development of new materials. The research of new materials, however, needs much time and ef-
fort since it should be experimented for its bio-compatibility, friction, and wear characteristics. To
reduce the work, in this study, the finite element analysis is applied to find new combinations of bio-
materials in the total hip replacement which has the excellent contact characteristics. A non-linear
FEM program MARC with 5-node axisymmetric element was used for analyzing the contact stresses
between the hip joints. The computed results show that in case of acetabulum UHMWP has good
characteristics, in femoral head, Al,O;, and in stem, Ti6AI4V.

Key words - prostheses, total hip replacement, artificial joint, femoral head, catilage, acetabulum.
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Table 1. Simulation data for a FEM computation
1,690
1,503
5-node arbitrary quadrilateral
axisymmetric ring Herrmann
formulation

MARC Keé.1

Number of element
Number of node

Element mode

FEM program

Fig. 2. Increased meshes at the contact surfaces.
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Table 2. Boundary conditions and material properties
for artificial hip joints
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Table 3. Various models used in this study for artificial
hip joints

Properties UHMWP ALO,; Ti6Al4V Acetabulum Femoral head Stem
Young's modulus, GPa 1 380 110 Model 1 UHMWP AlLO, Ti6AI4V
Poisson's ratio 0.46 0.23 0.33 Model I UHMWP Ti6Al4V Ti6Al4V
Density, mg/m3 9.41 3.97 4.43 Model 111 ALO3 AlLO, Ti6Al4V
Thermal expansion, 1/K 16.3 8.0 8.3 Model IV AlLO, Ti6A4V Ti6Al4V

x10®  x10° x10°

Thermal conductivity, W/mK 0.2 272 6.6 M
Friction coefficient 0.2 0.2 0.5 il
Specific heat, N/kgK 1900 1088 580
Yield strength, MPa 44 200 890
Outer temperature, °C 36 36 36

t} o] 58 293t 8 4 dlole] = Table 1ol A|Aj&t
=3

fr =
=
ht
2
%
>
N
q

[N

mlo o ¢
2
ol
7&
2
i)
2
e
LR
-4
=

o} 43]-0:1 :‘Z-z;}.o:]z} BEA -7_.,}34
}%“ B % 35/AF(Load/ BW)2] Zhe.
l7l—~tﬂ Attel A1 ol ARAelA oF
4~6°) gr& Ze A2 A T3] webd & o
Froll A= *@ZH AL 0kgoZ 7HHAUE A F
o Load/ BW=52 A-4-35}H, Q1 @l 7}sf#l=
313 2,540 Nog 2% 4 gt

PAFT At Fdk(pelvis)ll HA 3]
x| o] glan, shEe Al ZAER A
Ao g AA7}E 2el(stem)e] shstHefA A e Ui
25 B #dr| 72 Aeshe Aoz 7Pkl

FA A S gste] AbS AAZAS AT 2
#d A ge] BAXE 20Fste] Table 2914 245}
I skeH4l.

o,

A

_{_'.

3. siMzxt ¥ 0F

3 Aol e Table 3004 A A3 47b7] 8] B

TAE Ao Hate] Hasad g vds
stsdel. 77lel mdlel] B A7 4 AIHs Figs.
36014 AABRE A e W $H $EF
eh 3 9l

Journal of the KSTLE

Fig. 3. Von Mises stress distributions of artificial hip
joints for Model L.
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Fig. 4. Von Mises stress distributions of artificial hip
joints for Model IL
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Fig. 5. Von Mises stress distributions of artificial hip
joints for Model IIL
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Fig. 6. Von Mises stress distributions of artificial hip
joints for Model IV.
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Fig. 7. Von Mises stresses as a function of contact dis-
tance in the x direction.
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contact point.
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