
IJSTE - International Journal of Science Technology & Engineering | Volume 2 | Issue 01 | July 2015 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

133 

Analysis of Anti-Roll Bar of Passenger Car for its 

Nonlinear Behavior with Help of CAE 

  

Mr. Husen J. Nadaf Prof. A. M. Naniwadekar 

PG student Associate Professor 

Department of Mechanical Engineering Department of Mechanical Engineering 

Dr. J. J. Magdum College of Engineering, Jaysingpur. (India) Dr. J. J. Magdum College of Engineering, Jaysingpur. (India) 

 

Abstract 

All suspension systems have a common goal, which is to improve the ride in terms of comfort, handling, and safety. This is 

accomplished by influencing the motions affected by road irregularities to the wheels and axles while minimizing their affect on 

the vehicle body and frame. 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 study, several structural analyses of an anti-roll bar of passenger 

car were carried out by means of finite element (FE) technique to determine stress distributions and torsional stiffness. The 

results of FE analyses indicated that, there is difference in linear and nonlinear analysis results for shear stress and torsional 

stiffness of anti-roll bar.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Anti-roll or stabilizer bar is a suspension component that is used to keep the vehicle from excessively rolling during sharp turns. 

It consists of laterally mounted torsion springs which resist vertical displacement of the wheels relative to one another. Anti-roll 

bar operates like a torsion spring during a cornering manoeuvre in which the vehicle weight transfers from one side of the 

vehicle to another, causing the vehicle to roll thereby compressing the suspension on the heavier side and extending on the 

lighter side. It resists the twisting action and limits the out of phase suspension travel and hence improves the ride and handling 

during the vehicle roll. They provide stability and comfort. Anti-roll bar in a suspension system is supported with bushings by a 

frame structure [1,2]. Anti-roll bar with bushings considered in this study is shown in Fig. 1. Anti-roll bar mounts attach the bar 

to the vehicle body. Anti-roll bar between bushings is suffered from torsion, whereas, the part between bushing and the corner 

bend is subjected to bending, shear and torsion loads together [3-5].  

II. LINEAR FINITE ELEMENT ANALYSIS 

A typical ANSYS analysis has three distinct steps, first build the model, second Apply loads and obtains the solution and third 

Review the results. First step before CAE analysis is CAD modeling of anti-roll bar. The geometry of any anti-roll bar, even with 

irregular shapes, can be created in CATIA-V5R20. There are two alternatives exist at this stage, creation of the model in ANSYS 

Design Modular or importing the model from an IGES (Initial Graphics Exchange Specification) file. For the limited 

deformation of the bushings, behavior of the material was assumed as linear isotropic [4,5]. Anti-roll bar will be manufactured 

from SAE 9262 that is suitable for highly stressed spring design. Basic mechanical properties of this material after quenching are 

given in Table 1. 
Table – 1 

Material Property of SAE 9262 

Standard SAE 9262 

Modulus of elasticity, E (GPa) 200 

Poisson’s ratio, υ (-) 0.3 

Yield strength (min), Sy (MPa) 800 

Ultimate strength (min), Sut (MPa) 1000 

The next step in the analysis is generating a finite element model (nodes and elements) that adequately describes the model 

geometry. As this is simple geometry Hex Dominant Mesh pattern is used to mesh the geometry, which uses quadrilateral Hex 

Mesh on surface and higher order Tet element at inner layers. 

 For the limited deformation of the bushings, behaviour of the material was assumed as linear isotropic. For linear static 

analysis of anti-roll bar bush and Clamp is not considered only simple bar is considered which is fixed at bushing location. As 

single bar is considered in linear analysis there is no requirement of contacts [4,5]. The displacement constraints exist at two 

locations: at the bar ends and at bushing locations. The UX, UZ degrees of freedom are constrained at the bar ends for spherical 

joints.  ROTY and ROTZ degrees of freedom are also constrained if pin joints are used. At the bushing locations, fix all DOF in 
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linear analysis. The loading for the first load step determination of shear stress is a known force, F, applied to the bar ends, in -Z 

direction at free end.  

III. NONLINEAR FINITE ELEMENT ANALYSIS 

In this analysis FE model of anti-roll bar is same but it adds with bushing and clamp in anti-roll bar. CAD model of this 

assembly is model in CATIA-V5R20. CAD model is imported into the ANSYS workbench 16, after that geometry modeler is 

invoked into which CAD geometry is generated and reviewed for any discrepancy if any. For the deformation of the bushings, 

behaviour of the material was assumed as nonlinear. Bushings are made of Polyurethane material and clamp manufactured by 

mild steel. Basic mechanical properties of these materials are given in Table 2. 
Table – 2 

Material Property of Anti-Roll Bar System 

Standard SAE9262 Polyurethane Mild Steel 

Modulus of elasticity, E (GPa) 200 50 200 

Poisson’s ratio, υ (-) 0.3 0.45 0.3 

Yield strength (min), Sy (MPa) 800 5 800 

Ultimate strength (min), Sut (MPa) 1000 15 1000 

 After starting the ANSYS session, the bar will be meshed. As this is simple geometry Hex Dominant Mesh pattern is used to 

mesh the geometry, which uses quadrilateral Hex Mesh on surface and higher order Tet element at inner layers. 

 In nonlinear analysis Geometric and Contact nonlinearities are considered. In nonlinear analysis as bush which is made of 

Polyurethane material which is highly nonlinear which is considered in nonlinear analysis. In contact nonlinearity, Contact 

between bush and bar must be considered as bar is free to rotate inside the bush for which Standard Contact is defined. Bush and 

clamp are considered as bonded hence bonded contact is used to simulate the behavior. In nonlinear analysis bolt holes of the 

clamp are fixed in all direction and load is applied at another end of the anti-roll bar. The loading for the first load step 

determination of shear stress is a known force, F, applied to the bar ends, in -Z direction at one end.      

IV. RESULTS AND DISCUSSION 

The analysis results showed that shear stress appeared to be similar, and occurred at the bushing location region. Figure 1 shows 

linear analysis result of shear stress distribution in anti-roll bar. From the stress contour, it can be seen that maximum shear stress 

took places at the holding bushing location. 

 
Fig. 1: Shear Stress Distribution in Anti-Roll Bar 

Figure 2 shows nonlinear analysis result of shear stress distribution in anti-roll bar. From the stress contour, it can be seen that 

maximum shear stress took places at the holding bushing location. The location of critical region is consistent with structural 
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analysis of previous studies. Regardless of rubber hardness and wall thickness, the shear stress occurred at the same location. But 

value of shear stress is low. 

 
Fig. 2: Shear Stress Distribution in Anti-Roll Bar 

Many of tests conducted in ANSYS analysis for both linear and nonlinear analysis. From theses shear stresses calculating the 

angle of twist of anti-roll bar for respective stress. Results for linear analysis show in figure 3. 

 
Fig. 3: Results of Linear Analysis of Anti-Roll Bar 

Figure 3. slope of results shows torsional stiffness of anti-roll bar for linear  analysis. Torsional stiffness from linear analysis is 

4999423 N.mm/rad. 

Figure 4 represent nonlinear analysis of anti-roll bar. Slop of results shows torsional stiffness of anti-roll bar for nonlinear 

analysis. Torsional stiffness from linear analysis is 7994959 N.mm/rad. The average percentage in linear and nonlinear torsional 

stiffness is 37.467%. 

 
Fig. 4: Results of Nonlinear Analysis of Anti-Roll Bar 
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V. CONCLUSION 

Stress distribution of an anti-roll bar has been investigated by using FE method for various loads. Linear and Nonlinear analysis 

results indicated that the shear stress took places at the bushing location. Regardless of rubber hardness the shear stress takes 

place at the same location. It was concluded that the reduction of shear stress in anti-roll bar could be realised by the bushing 

provided. There is also increase in torsoinal stiffness approximately 37%. This nonlinear analysis show real-life situation of anti-

roll bar, so use nonlinear analysis for analyzing anti-roll bar in CAE software to better results. 
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