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Abstract. The stabilizer bar bushing as one of the most important parts of the automobile shock
absorber, because of its complex structure using the rubber, and the rubber has nonlinearity and
incompressibility, therefore using traditional numerical analysis method optimization calculation is
very difficult. With the rapid development of the rapid development of computer aided engineering
and finite element method, the numerical analysis technique to solve the mechanical problems of
rubber materials becomes possible. This paper mainly introduces the ABAQUS finite element
analysis software for vehicle rubber elastic element stiffness analysis and optimization design process,
using Mooney-Rivlin equation, four kinds of design model of assembly interference and three
directions static stiffness analysis, and then according to the stress strain results were optimized, we
design a mechanical structure is the better performance of the liner model. The results show that the
finite element analysis technology optimization of stabilizer bar bushing design method is feasible.

Introduction

Modern cars in order to improve the ride comfort, which suspensions are generally more soft, and
the normal work of the suspension system in addition to need to have good damping effect of springs
and dampers, and also need to lateral stability of the outstanding performance of the auxiliary rod,
because the spring and shock absorber is only responsible for car wheel control. However, front and
rear stabilizer bar is responsible for coordination of the suspension system. In the car through the
corners due to the centrifugal force, lateral suspension is compressed, inboard suspension subjected to
tension, causing the vehicle big lateral tilt, seriously affected the stability of the vehicle control, in
order to reduce the tilt, and improve driving safety and need to in car installed with transverse stable
rod. The motion state of the horizontal stabilizer bar must have the following basic characteristics:
good wear resistance and aging resistance, ozone resistance, low temperature brittleness, noise
reduction, long life and so on. Transverse stabilizer bar bushing is currently used in rubber materials,
with the car and the road sediment, dust of the invasion, the rubber body itself will cause permanent
deformation and wear, the overall performance products will decrease, triggered by the noise and
friction lining failure, will be the vehicle to use the common problems in the process, in order to solve
the adverse effects, many scholars and engineers began new combined structure of automobile
suspension transverse stability rod bushing synchronous development work.

For the research of bushing, Litwin [1] has been developed for the lubrication of the bearing bush,
and verify that the traditional liner model is not consistent with hydrodynamic lubrication. Zhukov [2]
in the framework of nonlinear mechanics, rigid support between an elastomeric bushing longitudinal
shear and torsion of the examples to study torsional dependence of strain relationship can be double
potential of longitudinal shear stiffness and longitudinal shear stiffness. Tan, et al. [3] To overcome
the increase in the unsprung mass and deformation of the magnet gap for in-wheel-motor-propelling
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systems, a novel topology scheme had been presented in previous work, an optimal matching design
between the suspension and the rubber bushing is employed for the novel system to reduce the effect
of the road surface roughness on the magnet gap as much as possible, on the basis of good ride quality
and comfort. Han, et al. [4] Design a kind of viscoelastic hysteresis of the rubber material often causes
thermal failure of PDM (Positive Displacement Motor) stator bushing. Lindberg, et al. [5] A rubber
bushing model for noise reduction and vibration reduction is designed, and a very good vibration
reduction effect is achieved. Kaya [6] design of stabilizer bar bushing using the integral algorithm is
optimized, and has achieved satisfactory results. Puel, et al. [7] Using parameter identification of
nonlinear time-dependent rubber bushings models towards their integration in multibody simulations
of a vehicle chassis. Zimmermann, et al. [8]. Used the finite element analysis technology to simulate
the elastic modulus of the natural rubber, and provided the engineering support for the design of the
bushing. Blom, et al. [9]. Have presented a dynamic torsional stiffness model of a magneto-sensitive
circular annular rubber bushing where influences of frequency, amplitude and magnetic field
dependence are included. A cylindrical rubber bushing was designed by Tupholme [10], and the radial
stiffness of the rubber bushing was analyzed. Advanced modular modeling and Simulation of
automotive rubber bushing using dynamic mechanical model by Sedlaczek, et al [11]. Cerit et al. [12]
Study on the influence of the stress distribution and fatigue property of rubber bushing, in this
research, anti-roll bars used in ground vehicle to reduce body roll by resisting any uneven vertical
motion between the pair of wheels suffer from fatigue failure.

In this paper, we using the finite element software ABAQUS on the static stiffness analysis of
bushing, respectively from different directions of the stabilizer bar bushing radial and assembly
process simulation obtains the corresponding radial force - displacement nephogram and assembly
cloud chart, and use it as a reference, the stabilizer bar bushing for the overall design and satisfactory
results are obtained.

Basic Theory and Experimental Method of Elastic Properties of Rubber Components

The Determination of the Expression of the Strain Energy Function. Prior to the finite element
analysis of the rubber products, we should first understand the characteristics of the rubber material
and the constitutive equation, and input the experimental parameters into the finite element software
to carry out the material setting. Rubber properties are very complex, it is very difficult to determine
their nonlinear characteristics, cannot be used as a metal with quite a few parameters (such as elastic
modulus and Poisson's ratio) to be described. In terms of material properties and geometrical
properties, the rubber is a non-linear non compressible material (Poisson's ratio between 0.45-0.5).
Many people at home and abroad put forward their own opinions on the test methods and constitutive
equations of rubber, but it is still difficult to determine a very effective solution to the equation.
Therefore there are many kinds of strain energy function in the description of the mechanical
properties of rubber materials. At present, most of the use of constitutive equations is the
Mooney-Rivlin model proposed by Rivlin in 1976, and the Hookean - Neo model proposed by Pence
et al [13]. This paper uses the Mooney-Rivlin model.

The expression of strain energy function of Mooney-Rivlin polynomial is [14]:
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In the formula, W is the strain energy;
ijC is the material parameter, 1i ≤ , 1j≤ , i and j are positive

integers;
1I ,

2I and
3I are one or two, three order Cauchy-Green strain tensor; K is the stretching

length in three directions.
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hyperelastic material is [15-17]:
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Because the rubber is a hyperelastic material, approximate incompressible, assuming that the
material is completely incompressible [18-21], that is, when 13 =I , the expression of strain energy

function in (1) can be changed into the next [22]:

)3()3( 201110 −+−= ICICW
. (5)

where, 10C and 01C are non-zero material coefficients, which can be obtained by uniaxial tensile test.

However, in the actual testing process, this model is difficult to capture the stiffness caused by the
extension of the hyperelastic material caused by the increase, therefore the Bederman model has been
further improved [23]:
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In the formula, 10C , 20C , 30C and 01C are the material parameters, which can be obtained from

uniaxial tensile test.
Experimental Test and Determination of Material Parameters. For the material parameters are
obtained in the formula (4), there are two kinds of methods that are numerical calculation method and
uniaxial tensile test method. This paper focuses on the uniaxial tensile test method. Usually a
complete representation of the rubber hyperelastic material model theory, the laboratory needs three
kinds of mechanical tests [24]: uniaxial tension (compression), biaxial tension (compression), plane
shear. For the statics analysis of rubber products, uniaxial tension is one of the most easily and widely
used in the construction of hyperelastic model, in this paper, the material properties of the finite
element analysis, which is the single axis tensile test data, can be relatively accurate analysis results
[25].

In order to obtain the state of pure tensile strain, the length of the specimen in the tensile direction
is larger than that in the thickness direction. The purpose of this is to ensure that there is no restriction
on the transverse direction of the specimen during the test. The size of dumbbell shaped specimen in
experiments is: 5.04.31 ± mm long, 4.0

06+ mm wide, 4.02± mm thick, the specimen standard using

GB/T528. The tensile stress strain test of dumbbell shaped specimen is carried out on the electronic
tensile test machine. Fig. 1 is a dumbbell shaped tensile samples two-dimensional map. Fig. 2 is a
dumbbell sample finite element analysis model and deformation map, from the Fig. 2 we can see, due
to the specimen is thin and soft material and deformation characteristics, experiment to pay attention
to ensure that the dumbbell shape characteristics and rubber product material properties are consistent
with the. Therefore, the recommended rate of uniaxial tensile test of super elastic material for
30~120mm/min.

Fig. 1 Dumbbell shaped standard tensile test specimen.
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Fig. 2 The finite element analysis model (a) and its deformation map (b) of the dumbbell specimen.

In the uniaxial tensile test of the electronic tensile machine, the strain and stress fitting curves of
30mm/min, 60mm/min and 120mm/min are respectively output, as shown in Fig. 3. We can clearly
see the strain stress relationship at different rates, and the effect of loading rate on the relationship
between stress and strain is negligible when the strain is 200%. The test data of three kinds of samples
with single axial tension are shown in Table 1, which can be seen in the form of stress iσ under

different strain tension ratio [26].

Fig. 3 The effect of loading rate on the tensile stress and strain of the dummy specimen
and the fitting curve of strain stress test.

Table 1. Three rate uniaxial tensile strain-stress test values.
30mm/min 60mm/min 120mm/min

Strain(%) Stress Strain(%) Stress Strain(%) Stress

100 1.842 100 1.842 100 1.848
200 2.874 200 2.739 200 2.736
300 5.227 300 4.932 300 4.935
400 9.934 400 8.754 400 8.424

For incompressible rubber materials, in the special case of uniaxial tension, the strain energy
function corresponding to the engineering stress calculation formula is:
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From the above three equations can be seen in the engineering stress and stretch ratio, the
engineering error of stress and experimental values for [27-29]:

(a) (b)
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By the equation (10), it can be seen that using the least squares method, a set of material parameters

ij
C can be found, making the error and S minimum, that is [30, 31]：

0=
∂
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. (11)

With all of the above formula with the experimental results, and ultimately obtained material
parameters: 24.010 =C , 043.001 =C , 034.020 =C , 0076.030 =C were obtained. When ABAQUS is to

be solved, they are import the software to solve the problem.

The New Combined Automobile Suspension Beam Stabilizer Bushing Model Establishment

Beam Stabilizer Bar Bushing Structure Model Combined Vehicle Suspension. The product
design feature is the selection of material is natural rubber, the design of the assembly with the guide
groove plastic skeleton and rubber compound structure. The structure belongs to the domestic
initiative, is characterized by anti-deformation, easy loading and unloading. By the use of the user
authentication, the product can effectively reduce the friction noise, the lateral stability of the vehicle
can play a better role in supporting the role of. The inner hole of the rubber part of the design for the
two ends of the large middle small "drum" sealing structure, can prevent silt and dust from entering
the stabilizer bar between the inner hole of the Bush and the gap, reduce wear and prolong the service
life of the bush. The rubber material is added with the Plasthill7050 plasticizer which is compatible
with the natural rubber, so that the lubricant in the formula is easy to migrate to the surface of the
product, increase the lubricating property, reduce the friction, and eliminate the noise. Structure
diagram shown in Fig. 4.

Ⅰ-Rubber body; Ⅱ-The stabilizer bar assembly gap; Ⅲ-Plastic skeleton; Ⅳ-Clamp fixing groove

Fig. 4 Product structure diagram.

Product Design and Development Process. In the course of the development of the product
development, according to the requirements of the quality system, we put development of the whole
development process is divided into: the stage of product design and development, process design and
development, product and process validation stages and mass production stage. This paper only
considers the product design and development phase.

Product assembly drawing is shown in Fig. 5:
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Ⅰ-Vehicle lateral stabilizer bar; Ⅱ-Sub-frame; Ⅲ-Clamp; Ⅳ-Stabilizer bar bushing

Fig. 5 Sketch of the assembly of stable rod bushing.

In order to shorten the development cycle and save the cost of design, the project design process
using numerical simulation technology, through the finite element analysis (FEA) of the product, can
determine the different direction design of radial stiffness properties, interference and assembly
improvement measures. In this paper, ABAQUS finite element analysis software is used to analyze
the performance of the three directions of the product design. In the software, the rubber element is
used in C3D8H, in order to improve the computer operation speed, the experimental fixture is
simplified as a rigid body structure. In the analysis process, a stable force of 981 N is applied in the
three directions.
According to the actual working condition of the stable rod bushing, the analysis process is divided
into three processes:

(1) Interference fit. The stabilizing rod bushing and the shaft, the stabilizing rod bushing and the
clamp are both interference fit, therefore, the influence of the prestressed on the product performance
is considered before installation.

(2) Assembling. After the interference fit is completed, the flat plate and the clamp are tightened by
bolts, so that the stable rod bushing is completely wrapped in the radial part.

(3) Radial analysis. Completed the interference fit and assembly, the bushing is wrapped with a
strong prestressing force, and then calculate the stiffness of each direction required.

Product Finite Element Analysis and Optimization

The First Structure Design.
Design ideas.

I- The mating section of bushingⅡ- the supporting part of bushing

Fig. 6 The first structure design.

(1) The inner hole is designed for straight pass structure, after curing, the product is cut to facilitate
the assembly of the stable rod bushing;

(2) Combined with the stabilizer bar bushing bearing direction, is designed structure on the lower
end of the meat is thick, and the upper end of the meat is thin, and hence improve strength and also
increases the elastic properties of the products;
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(3) The design of slot type structure, prevent jump between the stabilizer bar bushing and clamp, to
limit the role of clamp up;

(4) Using the poor compatibility of Plasthall 7050 plasticizer with natural rubber, the self -
lubricating component in the formula is brought out to the surface of the product, which makes the
surface of the product very lubrication, its greatly reduces the friction between the rubber parts and the
metal rod. The first design structure is shown in Fig. 6.

ABAQUS simulation results.
For the first structure design, ABAQUS is used to simulate the interference fit and three

directions-to-extrusion, and the results are shown in Fig. 7 and Fig. 8.

Fig. 7 Strain contour (a) after assembly of the stabilizer bar and Strain contour (b) after tightening of
the clamp.

-P + 981N +P + 981N Q + 981N

Fig. 8 -P direction strain contour map (a), +P direction strain contour map (b) and Q direction strain
contour map (c).

In the process of finite element analysis and simulation, we are from the assembly interference,
radial tension and compression in three aspects. From Fig. 7 and Fig. 8, we can see:

(1) P, Q direction static stiffness is low, cannot meet the design requirements;
(2) Product resistance to permanent deformation ability is poor, lateral stable pole with rubber

lining Suites lack of sustained tightening force, stable rod transverse jump move more likely,
suspension control performance will be affected;

(3) Flesh of the bottom of the product, although the design enhance the elastic properties of the
product, but the parts of the hardness is too large, affecting product overall use function.

Therefore, based on the theoretical analysis of the first product, we have carried out the second
improvement to the product structure.
The Second Structural Improvement Design.

Improvement ideas. The lower end of the product bearing parts from a single rubber, changed to
the rubber + plastic skeleton (PA66+ glass fiber) two components, and the two components separate
processing, after their completed and then assembly. Because the PA66 has the advantages of high
strength, excellent resilience, abrasion resistance, good damping effect, stable chemical properties
and so on. The design results are shown in Fig. 9.

(a) (b)

(a) (b) (c)
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I- The mating section of bushingⅡ- the supporting part of bushing

Fig. 9 The second structure design.

ABAQUS simulation results. For the second structure design, ABAQUS is used to simulate the
interference fit and three directions-to-extrusion, and the results are shown in Fig. 10 and Fig. 11.

Fig. 10 Strain contour (a) after assembly of the stabilizer bar and Strain contour (b) after tightening of
the clamp.

-P +981N +P +981N Q + 981N

Fig. 11 -P direction strain contour map (a), +P direction strain contour map (b) and Q direction strain
contour map (c).

From Fig. 10 and Fig. 11, we can see:
(1) P, Q direction static stiffness can meet the design requirements;
(2) The anti-deformation ability is greatly improved, the gap between the stable rod and the inner

hole of the rubber bushing leads to excessive friction of the inner hole of the bushing, which
influences the service life of the product.

Therefore, based on the theoretical analysis of the second product, we have carried out the third
improved scheme to the product structure.
The Third Structural Improvement Design.

Improvement ideas. The rubber products in the hole part of the design into large at two poles and
little in the middle of "drum" seal structure, to prevent the two parts of the mutual friction, prolong the
service life of the product. The design results are shown in Fig. 12.

(a) (b)

(a) (b) (c)
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I- The mating section of bushingⅡ- the supporting part of bushing

Fig. 12 The third structure design.

ABAQUS simulation results. For the third structure design, ABAQUS is used to simulate the
interference fit and three directions-to-extrusion, and the results are shown in Fig. 13 and Fig. 14.

Fig. 13 Strain contour (a) after assembly of the stabilizer bar and Strain contour (b) after tightening of
the clamp.

-P + 981N +P + 981N Q + 981N

Fig. 14 -P direction strain contour map (a), +P direction strain contour map (b) and Q direction strain
contour map (c).

From Fig. 13 and Fig. 14, we can see:
The stability rod bushing assembly analysis is more difficult;
The friction of the inner hole of the stable rod bushing is improved, but the friction between the

two ends of the part is still relatively large.
Therefore, based on the theoretical analysis of the third product, we have carried out the fourth

improved scheme to the product structure.
The Fourth Structural Improvement Design.

Improvement ideas. Optimization of rubber inner hole "drum" seal structure to make it gradually
smooth transition, in a decentralized assembly resistance reduce the stable rod bushing inner hole
friction. The design results are shown in Fig. 15.

(a) (b)

(a) (b) (c)
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I- The mating section of bushingⅡ- the supporting part of bushing

Fig. 15 The fourth structure design.

ABAQUS simulation results. For the fourth structure design, ABAQUS is used to simulate the
interference fit and three directions-to-extrusion, and the results are shown in Fig. 16 and Fig. 17.

Fig. 16 Strain contour (a) after assembly of the stabilizer bar and Strain contour (b) after tightening of
the clamp.

-P + 981N +P + 981N Q + 981N

Fig. 17 -P direction strain contour map (a), +P direction strain contour map (b) and Q direction strain
contour map (c).

From Fig. 16 and Fig. 17, we can see:
(1) P, Q direction static stiffness can meet the design requirements;
(2) The ability to resist deformation has been greatly improved;
(3) The situation of assembly difficulties has been improved, no excessive friction sliding.

Through the analysis of strain contrast (the relative change rate before and after applying force and
deformation) can get the results of Table 2, the smaller displacement, the better anti fatigue
performance, and the lower the stiffness.

Table 2. Comparative analysis of the results of the four schemes.
Step Plan one Plan two Plan three Plan four

Shrink fit 5.2% 7.5% 19.8% 7.6%
Assembly 20.6% 45.3% 56.4% 51.3%

+p quantity 25.1% 87.0% 86.6% 94.8%
-P quantity 72.9% 192.5% 324.4% 293.9%
Q quantity 40.6% 134.5% 104.8% 93.3%

(a) (b)

(a) (b) (c)
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Therefore, according to the requirements of product performance, processing production,
assembly and use of comprehensive evaluation, the final product design and design of the structure is
use the fourth state structures (as shown in Fig. 18)

Fig. 18 Final shape structure diagram.

After test and found the fourth design is according to the engineering specifications and application
requirements, not only radial stiffness meet the design needs, and assembly interference can also
achieve good results, can be a good lock tight transverse stable rod to prevent the relative sliding and
in the trial found that the qualified rate of the product has reached 97% and reached the preliminary
planning of 95%, reduces the cost greatly, therefore, the fourth scheme is designed to meet the
demand of the engineering.

Conclusion

To model combined vehicle suspension stabilizer bar bushing as the object of study, using
ABAQUS software to calculate the radial force displacement characteristics and the too assembly
interference are analyzed, and actual test results were compared. Results show that can meet the
requirements of the project. The finite element analysis of the static stiffness of rubber has direct
significance in engineering calculation. The analysis results of the static stress of the rubber stabilizer
bar bushing can be used in the design and optimization of the whole structure. ABAQUS / CAE finite
element analysis on the elastic properties of the rubber components is effective, and greatly reduce the
products in the development of a number of trials, reduce the development cycle and cost, the method
can be the overall structure of the new combination vehicle stabilizer bar bushing damper rubber is
used in the design.
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