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Abstract. Ultra High Molecular Weight Polyethylene called UHMWPE is a unique polymer material that
has excellent physical and mechanical properties. UHMWPE material is frequently used in prosthesis. One
example of UHMWPE uses in prosthesis is acetabular liner which is one component for Total Hip Joint
Replacement (THR) and can also be found for bearing surfaces on the knee, ankle, shoulder, and connective
tissue of the joint. UHMWPE material is made by compression molding process. However, UHMWPE wear
often causes the failure of artificial hip joints. Therefore, a treatment to reduce the crosslink method is
performed. The purpose of this study was to determine the crosslink effect in UHMWPE material. The
method used for this analysis is ABAQUS 6-13 software. On bipolar model, the 3000 N load is applied in
the FEM model. The crosslink dose used in this analysis was 50kgy, 75kgy, and 100kgy. The results
obtained are that UHMWPE that has received by gamma irradiation treatment can receive a smaller stress
distribution. The results of the simulation for UHMWPE without irradiation produced 0.759 stress
distributions; 50kgy crosslink dose has 0.666 stress distributions; 75kgy crosslink dose has 0.662 stress
distributions; and 100kgy crosslink dose has 0.660 stress distributions. This result proved that UHMWPE
which has received crosslink can receive a better stress distribution. For the result crosslink with 100kgy
dose received the best number of stress distributionss.
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1 Introduction
Polymers are  derived  from the  Greek  which consist of
two  words,  poly  means  large  and  merous means  the
part   or   unit. So,   polymer   is defined   as   a   large
molecule        (macro        molecule)        formed    of the
reorganization of small and simple chemical units [1].
The   polymer   classification   based   on   the   thermal
properties is divided into 2 classes, thermo-set and
thermoplastic polymers [2].
Ultra high molecular weight polyethylene (UHMWPE)
is   a   unique   polymer material   known for excellent
physical and mechanical properties.   In   orthopedic
prosthesis,     this     material    is     used     for     implant
replacement    parts   of   damaged   human   body   [3].
UHMWPE   has been commonly used for hip joint
replacement because of its excellent properties such as
good bio-compatibility. However, the wear and dust of
UHMWPE often leads to leeway and failure in artificial
hip joints. Many techniques have been applied in
modifying polymer to improve UHMWPE surface [4].
There were some researches been conducted to test the
reliability  of  artificial  hip  joint  on  several activities
like  salat  movement  [5]-[7]  and  other light daily
activities [8]. There are 4 methods in the UHMWPE
manufacture process, compression molding, extrusion

molding, hot isostatic pressing of armCom and direct
compression molding. Compression molding is a process
in which UHMWPE powder is put into the mold and
heated until melted, and then mold will press the melted
UHMWPE powder to get the solid UHMWPE shape [9].
Fig. 1 is the example of UHMWPE material.

Fig. 1. Compression molding process

In order to overcome the previous problems
regarding to UHMWPE, the surface strength should be
increased to reduce wear and tear [10]-[11].  Acetabular
liner geometric design for total hip  joint replacement
(THR),  using UHMWPE (either polymer on metal),
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allows the construction of the total hip joint replacement
to be lighter compared to the local metal on the
construction of metal hip joint replacement. This
combination has been tested to have wear resistance that
is comparable to the combination of metal on metal
material. Fig. 2 is the example of acetabular component.

Fig. 2. Acetabular component

Gamma rays is a high electromagnetic energy
waves in the form of energy packages (photons) [12].
Gamma  rays  are  generally  sourced  from  cobalt-60
isotope (60Co) and have a shorter wave length than UV
light,  which  is 0.01-10-6  nm [13].  The interaction
between gamma radiation and the material or energy
absorption by the material causes the photoelectric
effect, compton scattering, and pair production. These
three processes can produce electrons that can excite
molecules. The ions formed will quickly interact with
electrons and cause molecular excitation.  Excited
molecules will split into free radicals. Free radical
species produced from gamma ray on polymers play an
important role in subsequent reactions in which polymer
can experience chain breakage and form crosslinks. Fig 3
is the process of breaking C-H bond.

Fig. 3. The process of breaking the C-H bond in one
polymer chain

Cross-linking is formed of a process of breaking
the C-H bond in a polymer chain in the amorphous phase
to form free-moving free radicals to bind to free radicals
found in other polymer chains, but in an oxygen- free
state [14]. Crosslinking in polymers can produce a three-
dimensional structure so that it will increase the

mechanical   strength,   melting   point,   and   molecular
weight as the dose of irradiation increases [12]. Chain
break is a process of breaking C-C bonds in the presence
of oxygen so that the oxygen binds or captures the free
radicals produced [14].The main focus of this paper was
to calculate the stress distribution that occurred in the
acetabular by irradiation treatment with different
crosslink intensity.

2 Material and Methods

2.1 Material modelling

FEM that presented uses UHMWPE material with
different crosslink intensities. The crosslink intensity
used in this model is 50kgy, 75kgy, and 100kgy. The
simulation consists of 4 components: head, liner, outer
liner, and cup. This simulation uses 2D modeling and the
3000N load is applied in the center point of head. The
mechanical properties from each crosslinked of
UHMWPE can be seen in Table 1.

Table 1. Mechanical properties of UHMWPE

UHMWPE UTS
(MPa)

Yield Strength
(MPa) Ref.

50 kgy 37 19.6 Ref. [15]

75 kgy 37 19.9 Ref. [15]

100 kgy 35 20.2 Ref. [15]

The Finite Element Method (FEM) is used to calculate
the force occurred with UHMWPE with 50, 75, and
100kgy intensity. In FEM simulation, the material that
changes is only the liner while the other material is fixed
and ignored [15].

2.2. FEM (Finite Element Method)

2.2.1 Geometry

The geometrical modeling of the bipolar in this study
used the current model of prototype which was
developed in Diponegoro University. For the FEM size
models can be seen in Table 2. Fig. 4 shows geometrical
model for the current study. The type of element used
was 4 nodes bilinear axisymmetric quadrilateral. The
mesh which is used in the study is 42186 elements.

Table 2. Geometri size of bipolar

Diameter (mm)
Bipolar model

Head Liner Outer Cup

Inner diameter - 28.2 40.2 45.2

Outer diameter 28 40.2 45 50
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Fig. 4. The geometrical modeling of bipolar models

2.2.2 Boundary Condition

The given force is 3000 N in the direction of the Y axis
and applied to the model center point. The outer cup
surface is fixed for all direction. Fig. 5 shows the
direction of the applied load and fixed direction for the
model.

Fig. 5. Applied forces on the bipolar model assembly.

3 Results and Discussion

3.1 Validation

The comparison of the maximum contact result between
the theory and the simulation is used as the validation.
Fig. 4 shows the maximum stress on the model

compared to Hertz and Bartel theory [16]. In the
modeling, the maximum stress result occurred in the of
the liner. Based on this comparison, it can be seen that
the maximum stress that occurs in the modeling and in
Bartel theory, with the same 3000N load, has about 5.7%
differences. In the picture there is a little bit difference
between Bartel theory and Present theory, so in this case
Bartel theory is more recommended. Fig. 6 shows the
countur plot of contact stress on liner surface.

Fig. 6. The comparison of contact stress on the liner for Bartel
theory and Present model

3.2 Contact Stress Distribution

Fig. 7, Figure 8, Fig. 9, and Fig. 10 show the stress
distribution over the present liner with a load of 3000N.
Fig. 7 shows the result FEM from UHMWPE stress
distribution with 0kgy irradiation.  Fig. 8 shows the
result FEM from UHMWPE stress distribution with
50kgy irradiation.  Fig.  9 shows the result FEM from
UHMWPE stress distribution with 75kgy irradiation.
Fig. 10 shows the result FEM from UHMWPE stress
distribution with 100kgy irradiation.

Fig. 7. Stress  distribution over the present  liner  with   0kgy
irradiation.
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Fig. 8. Stress distribution over the present liner with  50kgy
irradiation.

Fig. 9. Stress distribution over the present liner with  75kgy
irradiation.

Fig. 10. Stress distribution over the present liner with 100kgy
irradiation.

Fig. 11 shows the stress distribution that works on the
present liner. From Fig 7-10 stress distribution for 0kgy
irradiation is 0.759, 50kgy irradiation is 0.666, 75kgy
irradiation is 0.662, and 100kgy irradiation is 0.660.

Fig. 11. Contact simulation comparison of crosslink intensity.

4 Conclusion

This paper investigated the stress distribution that occurred on
liner with 3000N load. From these result it can be concluded
that UHMWPE that has been through the crosslink process has
better stress distribution compared with UHMWPE that is not
in the crosslink. The greatest stress distribution occurs on the
100kgy crosslink irradiation. This study is interpretation of the
development of low carbon society.
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