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Abstract— Anti-roll bar is a suspension component used at 

the front, rear, or at both ends of a car that reduces body roll 

by resisting any uneven vertical motion between the pair of 

wheels, to which it is connected. Most real-world 

phenomena exhibit nonlinear behavior.  In these paper 

overviews of various works are done. This paper tries to 

give an idea about the previous researches & their finding 

about study of anti-roll bar (stabilizer bar), Static analysis of 

anti-roll bar and study related to vibration absorber and its 

application. 
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I.  INTRODUCTION 

All suspension systems have a common goal, which is to 

improve the ride in terms of comfort, handling, and safety. 

Anti-Roll Bar is used in suspension system to limit the body 

roll angle. The bar's torsional stiffness determines its ability 

to reduce body roll. They are useful to improve the handling 

characteristics of the vehicle. Design changes of Anti-Roll 

Bars are quite common at various steps of vehicle 

production, and a design analysis must be performed for 

each change. Most real-world phenomena exhibit nonlinear 

behavior. There are many situations in which assuming 

linear behavior for physical system might provide 

satisfactory results. On other hand, there are circumstances 

or phenomena that require a nonlinear solution. A nonlinear 

structural behavior may arise because of geometric and 

material nonlinearities, as well as change in the boundary 

conditions and structural integrity. A nonlinear torsional 

spring has a nonlinear relationship between displacement 

and torque. A graph of torque vs. angular displacement(rad) 

for a nonlinear torsional spring will be more complicated 

than a straight line, with a changing slope. As nonlinear 

torsional springs have different torque-deflection 

characteristics than the linear torsional spring there will be 

difference in the amplitude of main mass obtained by 

theoretical and experimental methods.  

  Geometrical nonlinearity and boundary condition 

nonlinearity will be considered. Nonlinearity in anti-roll bar 

is due to large deflection of it, which is geometric 

nonlinearity. The large deformation in the bushing, the 

elastic-plastic material property in the bushing retainer 

bracket, and the contact between different parts all add 

complexity to the problem and result in the need for an 

analysis method using a non-linearity.  

By considering all above facts, this paper tries to 

cover literature which deals with study and analysis of anti-

roll bar of passenger car for its nonlinear behavior. 

II. DESIGN AND OPTIMIZATION OF PASSENGER CAR TORSION 

BAR 

Rajashekhar Sardagi and Dr. Kallurkar Shrikant Panditrao 

are designed torsion bar for passenger car. Torsion bar is 

generally made of mild steel but researcher use Nylon is 

alternative material for torsion bar. Test could conduct on 

nylon material. It is also compared with mild steel 

properties. The modeling and failure analysis is done using 

CATIA and ANSYS. In this work they conduct torsion test 

on mild steel specimen and nylon specimen. For comparing 

testing data researcher use ANSYS software for analysis. 

The ANSYS result of the torsion bar shows favorable results 

to select Nylon as alternative material for torsion bar. For 

comparing the nylon and mild steel the specimen is 

subjected for torsion test. The mild steel specimen diameter 

is 16 mm. The torque of 50,000 N/mm is applied; it took 

17,500 degree, which is 5 revolutions to break. The torsion 

rigidity is 102 N/mm
2
 and maximum shear stress of 1.01 

N/mm
2
.it took around 5 revolutions to break. However in 

practice the torsion bar will not be rotated so many rotations. 

The mild steel is used due to cost and easy machinability. 

The results show the nylon can be one of the alternative 

materials for torsion bar. [1] 

III. REDUCTION OF STRESS CONCENTRATION AT THE 

CORNER BENDS OF THE ANTI-ROLL BAR BY USING 

PARAMETRIC OPTIMIZATION 

M. Murat Topac, Topaç, H. Eren Enginar, N. Sefakuralay  

studied to reduction of stress concentration at the corner 

bends of the anti-roll bar by using parametric optimization. 

For study stress concentration at the corner bends of an anti-

roll bar use passenger bus anti-roll bar. Stress concentration 

at the corner bends of an anti-roll bar that is designed for an 

intercity passenger bus is reduced by optimising the shape of 

the critical regions. Stress concentrations in the component 

are reduced by changing geometry parameter at stress 

concentration area. The effect of these parameters on stress 

concentration is evaluated by using Design of Experiments 

(DoE) approach. Possible design options and their 

corresponding mass and maximum equivalent stress values 

are obtained by using finite element analysis. For this study 

ANSYS Workbench V11.0 commercial finite element 

software was utilized. FE analyses showed that it is possible 

to decrease the maximum stress (σmax) at the critical regions 

ca. 11% with a mass increase of 3.5%. The results obtained 

can be summarized as follows: 

 An increase of the transition length (L2) decreases 

the equivalent Von-Mises Stress at the corner 

bends, however raises the anti-roll bar mass. 

 Increasing the transition radius(R) raises the 

equivalent stress and also the notch effect at the 

critical regions over an optimum (R) value.  

 Increasing the transition radius (R) also decreases 

the anti-roll bar mass. 

The results and research method in this paper can be 

used as a reference for the optimization of anti-roll bar of 

passenger car. [2] 
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IV. PARAMETRIC OPTIMIZATION TO REDUCE STRESS 

CONCENTRATION AT CORNER BENDS OF SOLID AND HOLLOW 

STABILIZER BAR 

Preetam Shinde and M.M.M. Patnaik studied stress 

concentration at corner bends of anti-roll bar of front axle 

suspension system for parametric optimization. Researcher 

use solid and hollow anti-roll bar for this study. This project 

looks into the performance of stabilizer bar with respect to 

their stress variations at corner bends and weight 

optimization. In order to do this, parameters which 

constitute the geometry of the stress concentrated regions 

are determined. Design of Experiments (DOE) approach and 

parametric correlations are used for evaluating effect of 

these parameters on stress concentration. For the limited 

deformation of the bushings, behaviour of the material was 

assumed as linear isotropic. The maximum equivalent stress 

is determined at the bending section is 80 % of the yielding 

strength of material for solid bar and 90% for hollow bar. 

Therefore, application of the Parametric Optimization 

Process to minimize the stress concentration at these regions 

of the anti-roll bar that is subjected to dynamic loading 

during the service life of the vehicle is very much essential. 

To minimize the stress concentration at the corner bends the 

transition length and the transition radius that constitute the 

geometry of the critical regions are studied for solid as well 

as hollow stabilizer bar. FE analyses showed that it is 

possible to decrease the maximum equivalent stress at the 

critical regions for solid and hollow stabilizer bar to 11% 

and 12% with a mass increase of 3.75% and 3.45% 

respectively. An increase of the transition length decreases 

the equivalent Von-misses stress at the corner bends, 

however raises the anti-roll bar mass. Also the effect of 

increasing the transition radius raises the equivalent stress 

and also the notch effect at the critical regions over an 

optimum transition radius value. Increasing the transition 

radius also decreases the anti-roll bar mass. [3] 

V. INVESTIGATION INTO EFFECT OF RUBBER BUSHING ON 

STRESS DISTRIBUTION AND FATIGUE BEHAVIOUR OF ANTI-

ROLL BAR 

M. Cerit, E. Nart, K. Genel investigated into effect of rubber 

bushing on stress distribution and fatigue behaviour of anti-

roll bar. In this study, stress distribution of an anti-roll bar 

has been investigated by using FE method for various 

polyurethane rubber material type and wall thickness under 

7
o
 rotational loading. Structural analyses and experimental 

results indicated that the inner surface of the corner bend is 

critical from point of fatigue failure. In addition, the effects 

of hardness and wall thickness of rubber used in bushing on 

stress distribution were investigated for various 

polyurethane rubbers and bush wall thickness 

systematically. It was found that both soft rubber and thick 

wall thickness tend to reduce stress in the critical region. 

Based on FE analyses results of anti-roll bars with specific 

bushing were planned. It was concluded that the reduction 

of equivalent stress in anti-roll bar accomplished by 

modifying the bushing provided a significant improvement 

in the fatigue life. Approximately nine percent improvement 

in the fatigue life with respect to base bushing could be 

obtained by selecting relatively soft rubber materials. [4] 

VI. ANALYSIS OF TORSION BAR BY THE FINITE ELEMENT 

TECHNIQUE 

Yogesh Sharma analyzes torsion bar by the finite element 

technique. For this study, full vehicle simulations were done 

in ANSYS to predict the response of the proposed solutions. 

A Maruti Alto 800 was used as the test vehicle to verify the 

results of the simulations. In this paper researcher analyzes, 

liner analysis of antiroll bar. A stress analysis is also carried 

out by the finite element technique for the determination of 

highly stressed regions on the bar. Result obtained based on 

FEM analysis by ANSYS 14 software is compared with 

some well known damage theories. The maximum value of 

stress calculated is within yield strength of the material. And 

therefore, the factor of safety of theoretical calculations is 

more than two; whereas for the FE simulations the stress 

developed are within yield strength of the material, so again 

the factor of safety in this case is more than two. 

Considerable factor of safety (FOS) or design factors is 

applied to the anti roll bar design to minimize the risk of 

failure & possible resulting injury. [5] 

VII. APPLICATION OF FINITE ELEMENT METHOD IN THE 

STUDY OF VARIABLES THAT INFLUENCE THE STIFFNESS OF 

THE ANTI-ROLL BAR AND THE BODY ROLL 

Ribeiro, S. and Silveira, M. studied of variables that 

influence the stiffness of the anti-roll bar and the body roll. 

The objective of this work is to analyze the main geometric 

variables that alter the stiffness of the anti-roll bar, which 

consequently influence the charge transfer between the 

wheels of the axle, while in a curve, and the body roll. To 

calculate stiffness FEM software was use. Unit force was 

applied at the ends of the anti-roll bar in the numerical 

model and was observed the response of the system in terms 

of deformation. It was verified the change in stiffness 

caused by varying the position of the bushings that are used 

to hold the bar, profile cross-section. The ratio between 

stiffness and weight served as a comparison for the bars, and 

revealed for what configuration studied was achieved the 

best effect in reducing rollover and with minor addition of 

weight to the vehicle. [6] 

VIII. DESIGN AND SOFTWARE BASE MODELING OF ANTI-

ROLL SYSTEM 

Durali, M. and Kassaiezadeh were design and software base 

modeling of anti-roll system. This paper focuses on design 

and modeling of anti-roll system for a subcompact 

passenger car. In this paper two software are linked and a 

complete model is made for study and controller design. 

ADAMS software is use model of the car basic dynamics 

and bond graph model of the hydraulic anti roll system is 

contracted and its state equations are entered into 

MATLAB/Simulink. The system consists of hydraulic 

assisted torsion bars on car suspensions, a hydraulic power 

unit, and controls. This paper introduces the method as a 

useful tool for vehicle dynamics studies and discusses the 

problems and advantages of the  method. [7] 

IX. LIGHT TRUCK STABILIZER BAR ATTACHMENT NON-

LINEAR FATIGUE ANALYSIS 

Zhao, Y., Lee, C., Wayne, E., Beyko, E. studied light truck 

stabilizer bar attachment for  non-linear fatigue analysis. 
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The stabilizer bar attachments problem can not be simply 

analyzed by using linear FEA methodology. In this paper 

researcher use nonlinear analysis for anti-roll bar. Here 

considering contact nonlinearity like large deformation in 

the bushing, the elastic-plastic material property in the 

bushing retainer bracket, and the contact between different 

parts. ABAQUS use as simulasion software to analysis 

method using a non-linear code and solving complexity of 

the problem. The material properties of the bushing were 

experimentally determined and applied to the CAE model. It 

was found that using strains to estimate the fatigue life was 

more accurate and reliable than using stress. Many modeling 

techniques used in this analysis were able to improve 

analysis     efficiency. [8] 

X. NON-LINEAR ANALYSIS OF TUNABLE COMPRESSION 

BUSHING FOR STABILIZER BARS 

Fan, X Cai, H., Lin, S., Gummadi, L. studied non-linear 

analysis of tunable compression bushing for stabilizer bars. 

In this paper, nonlinear CAE tools are used to evaluate 

compressively loaded bushing system. To prevent the axial 

movement of the stabilizer bar within the bushing, several 

new systems have been developed. The new systems 

introduce permanent compressive force between the bar and 

the bushing thereby preventing the relative movement of the 

bar within the bushing. This mechanical bond between the 

bar and the bushing can eliminate features such as grippy 

flats, collars etc. In addition, by controlling the compression 

parameters, the properties of the bushing such as bushing 

rates can be tuned and hence can be used to improve the ride 

and handling performance of the vehicle. Effects of the 

compression parameters such as compression length and the 

compression depth on bushing rates are discussed. [9] 

XI. CONCLUSION 

By the literature review it is seen that importance of 

nonlinear analysis and various methods of static analysis of 

anti-roll bar. In earlier researches, linear parameters of anti-

roll bar were considered but in practice it behaves with 

nonlinear characteristic. So it is important to consider the 

nonlinearities in system while designing the anti-roll bar. 
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