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In this study, an anti-roll bar that will be used in the front axle suspension of a 25 metric tonnes capacity
rigid as well as construction Trucks s focused. It is redesigned to minimize the stress concentration at the
corner bends. In order to execute this, regions that are under stress concentration during the roll motion
of the vehicle body are determined by using finite element analysis. Geometric parameters which consti-
tute the form of these regions are assigned. In the light of the results obtained from the stress analyses
that were carried out for the different values of these parameters, stress and mass alteration are assessed
by using Trial and Error Method. The effects of these modifications on stress concentration and anti-roll
bar mass are studied. Response surfaces for maximum von Mises stress and the mass of the anti-roll bar
are also constructed by Multi-body Dynamics and Hyper works commercial finite element software
Package. By using these results, transition from among the design candidates that gives Minimum stress
concentration is determined. Four kinds of modification in design considered which includes the change
of material, radius of curvature and length of the bar. The dynamic analysis based results evaluated and
suggested the outperformed design.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Trends and Innovation in Mechanical Engineering: Materials Science.
1. Introduction

During the vehicle service life, dynamic forces produce dynamic
stresses which May cause fatigue failure of an anti-roll bar that is
one of the basic parts of a suspension system used to reduce the
roll tendency of the vehicle body. Recent studies showed that sat-
isfying the static strength conditions does not mean that the
mechanical part has infinite fatigue life Because of this, during
the design process of a mechanical element, it is vital to take the
fatigue life assessment into account. As long as the material and/
or the manufacturing process have not been changed, tensile
strength and therefore fatigue strength of a mechanical part cannot
be altered. Reducing stress Concentration at the critical regions of a
mechanical element is an effective alternative way to obtain a
longer fatigue life. On the other hand, one of the main targets to
be reached in the design of vehicle suspension components is to
keep un-sprung as small as possible with a homogenous stress dis-
tribution on the part body.

Therefore an optimal design process of the mechanical part is
inevitable. The typical position of ARB depicted in the Fig. 1. The
role of Anti roll bar is to enhance the stability in the heavy vehicles
[1-3] that is The ARB prevents the vehicle from roll due to over
road irregularities, load and over speed at cornering. The rollover
of Vehicle is a serious social issue which leads to loss of lives and
its consequences in environment and financial aspects too [4,5].
In the heavy vehicles, the ARB system offers control at the same
time it consumes energy additionally for actuators [6,7]. Also agree
that the heavy vehicles controls on rolling of it, can be enhanced by
ARB at uneven roads and on cornering [8]. Proposed H1 controller
and optimized the ARB system by genetic algorithm and simula-
tion on TruckSim� software [9-11]. Improved H1 control concepts
with Linear Parameter Varying controller called passive control
[12-14]. Formulated a Multi-Criteria Optimization (MCO) problem
to focus the control and consumption of energy simultaneously
and optimized by using genetic algorithm [15]. Improves H1 con-
ineering:
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Fig. 1. Location of Anti Roll Bar in vehicle.
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trols with the yaw-roll model called H1 active (front and rear)
anti-roll bars [16-19]. Improved further the design of ARB bu
means of linear quadratic regulator on the system [20]. Suggested
composite materials of E-Glass epoxy and HM-Carbon epoxy to
increase the stiffness. In before fracture based research reported
with the aspect of failure mode analysis in terms of material com-
position, micro structural investigation of failure bar [17,21-23].
Focused to enhance the rolling control by adopting active roll con-
trol system, continuous damping control and electronic stability
control [24-26]. Investigated the influence of rubber bushing on
ARB in stress distribution and fatigue behavior and reported that
Fig. 2. Anti-Roll bar Failure
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fatigue life improved by 21%. This research focused on failure anal-
ysis and improving its performance to serve with better stiffness at
long time by alternate material and design included the changes.
2. Materials and methods

In 25 metric Tonner Construction and rigid vehicle were run-
ning with the Imported anti roll bar (ARB) imported type. The cus-
tomers reported about ARB failures in such commercial vehicle
in the curved portion.

et al., Material and design parameters optimization to enhance the life of
g/10.1016/j.matpr.2020.06.561
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Table 1
Difference between Current and Proposed Design.

Fig. 3. The Figure 3a shows the CAD model of anti-roll bar, the Figure 3b depicts the detail of Bushing at section A in the Figure 3a. the Figure 3c shows the meshed details at
bearing in which the 1 indicates Anti-roll bar, 2 denotes Elastic bushing and 3 marked for showing connection bolt. The Figure 3d shows the meshed model of ARB.
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that after 30,000 Km the anti roll bar failure by broken at near the
curvature as shown in the Fig. 2a.
2.1. Root cause analysis

By Using CAE tool, field failure of antiroll bar was re modeled for
analyzing the root cause of the failure. In the correlation wit was
found that the stress concentration is more in the curved portion.
Please cite this article as: T. Vinod Kumar, M. Chandrasekaran, S. Padmanabhan
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Based on the design constraint, antiroll bar was redesigned for
reduced Stress concentration at the curved portion by optimizing
the shape of critical region.
2.2. Proposed ARB

The conventional ARB made up of 55CR3 material. It is sug-
gested that if we raise the yield strength with to 50CrV4 to avoid
et al., Material and design parameters optimization to enhance the life of
g/10.1016/j.matpr.2020.06.561
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the failure, because the alternate material which suggested
remains unaltered properties other than little higher yield strength
(refer Table 1). Hence 50CrV4 material was adopted for investiga-
tion of proposed designs. The suggestion was alter the radius of
curvature either increase or decrease. If the change radius of curva-
ture demands little alteration in arm length of ARB and the same is
unavoidable. Hence change of material and radius of curvature are
focused in the proposed designs. The conventional and proposed
designs of ARB are as follows:
2.3. About the models

The hyper works 11.O used for meshing the CAD Model and
FEM software of Radioss employed for stress analysis. The more
number of Iteration reduced the time consumption for solving
problem. This study initially performed in first order. After com-
parison of stress for all the iteration and found the solution later
for more accurate result, the second order (Batch mode) preferred.
The meshing criteria were Tetra 4 � 1st order (301153 ele-
ments > 65863 Nodes) for basic analysis and Tetra 10 � 2nd order
(301153 elements < 462018 nodes involved) for final analysis but
ultimate results considered from the 2nd order model. Maximum
element length was 11.5 mm and Minimum element length was
0.3 mm Fig. 3.
2.4. Simulation criteria

Two cases considered for CAE calculation the first one was
Jounce and Rebound as 100 mm in upward and downward direc-
tion of wheel centers and this simulation is determine if there is
any linkage lockup in these extreme condition. The other was Axle
Roll, 5.1 deg (standard criteria construction application vehicle)
Fig. 5. Load conditions.

Fig. 4. Multi-body dynamics Model of Anti Roll Bar.
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= 100 mm in upward and downward direction of wheel centers)
and the Max axle Roll possible for this front suspension = 11.0 deg
(200 mm in upward and downward direction of wheel centers).
The CAE tools employed for simulation correlation and design
analysis are: Motion View and Motion Solve (force and displace-
ment calculation), Hyper-mesh (antiroll bar meshing - preprocess-
ing), ‘optistruct’ (FE Solver - Linear) and Hyper-view (post
processing).

3. Simulation methods in Multi-Body Dynamics

The displacement details are obtained by using multi-body
Dynamic. To do this activity the model has been created in the
multi-body dynamics by using Hyper works Motion Viewer. And
all the design Iteration has to be carried out with design con-
straints Figs. 4–6.

3.1. Design analysis process

4. Results and discussion

The maximum Von mises stress, rmax values for various design
iteration has been calculated for anti roll bar. The design con-
straints specified by the trial and error methods. The test was car-
ried out for calculating the effects of torsion. The maximum Von
Misses stress considered.

4.1. Analysis on imported design of ARB model

In the Imported design the values as it is considered for model-
ing. ARB diameter of 40 mm, according to the design profile its arm
length is 325 mm. The track as per specification of ARB, was
920 mm. The Stress Plot of Imported Design Torsion Bar (ARB) with
et al., Material and design parameters optimization to enhance the life of
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Fig. 6. Force Comparison of Anti-Roll bar.
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radius of curvature 80 mm is depicted in the Fig. 7a. The material
of the ARB is 55Cr3 (EN 10089) and its yield Strength is
1180 MPa. The maximum allowable displacements under the axial
roll load condition which applied at ARB and drop link joint. The
displacements in direction wise at left as well as right end fur-
nished below the stress plot. The force obtained for 100 mm dis-
placement of ARB was 26356.8 N. The stiffness was estimated
that 263.7 N mm. the roll stiffness due to the cumulative effects
of ARB, tire and spring systems that 5607Nm per degree of turn.
The yield limit as specified was 1180 N per square mm. but the
stress induced was found that 1481 N per square mm and it is
26% excess than the yield strength of the material 55Cr3. As this
existing ARB model is used as bench mark for measuring perfor-
mance of three proposed design of ARB. The percentage of stiffness
difference and roll stiffness difference as zero with respect to it.
Fig. 7. Displacements – M
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4.2. Analysis on proposed Design-1of ARB model

In the proposed design with lesser radius of curvature (Local
Design 1), the value ARB diameter 40 mm considered as it was.
Due to change of radius of curvature (Reduction to 57 mm from
80 mm) in the design profile of imported ARB, the tract was
990 mm. its arm length is 290 mm. The Fig. 7b depicts the Stress
Plot of proposed Design of Torsion Bar (ARB) with radius of curva-
ture 57 mm (proposed design 1). The material of the ARB is 50CrV4
(steel (EN 10089) and its yield strength 900 MPa. The maximum
allowable displacements under the axial roll load condition which
applied at ARB and drop link joint is fixed as 100 mm. The displace-
ments in direction wise at left as well as right end furnished below
the stress plot. . The force obtained for 100 mm displacement of
ARB was 33847.4 N. The stiffness was estimated that 338.5 N mm
and it is 28% higher than the imported design ARB. The roll stiffness
which due to the cumulative effects of ARB, tire and spring systems
that 6167 Nm per degree of turn and it is 10% higher than that of
imported design ARB. The yield limit as specified was 900 N per
square mm. But the stress induced was found that 1700 N per
square mm. it is 89% higher than that of the yield strength of mate-
rial 50CrV4 steel (EN 10089).
4.3. Analysis on proposed Design-2 of ARB model

In the proposed design with equal radius of curvature (Local
Design 2) as like as imported model but change of material of
the component is 50CrV4 steel (EN 10089), the value ARB diameter
40 mm considered as it was. As there were no changes in radius of
curvature (80 mm) in the design profile of imported ARB arm
length is 290 mm. The tract considered for this case as like as local
design 1 as 990 mm. its. The Fig. 7c depicts the Stress Plot of pro-
posed Design of Torsion Bar (ARB) with radius of curvature 80 mm
(proposed design 2). The material of the ARB is 50CrV4 steel (EN
10089) and its yield strength 900 MPa. The maximum allowable
displacements under the axial roll load condition which applied
at ARB and drop link joint is fixed as 100 mm. The displacements
in direction wise at left as well as right end furnished below the
stress plot. The force obtained for 100 mm displacement of ARB
was 20945.1 N. The stiffness was estimated that 209.5 N mm and
it is 21% lesser than the imported design ARB. The roll stiffness
which due to the cumulative effects of ARB, tire and spring systems
that 5267 Nm per degree of turn and it is 6% lesser than that of
imported design ARB. The yield limit as specified was 900 N per
square mm. But the stress induced was found that 1333 N per
square mm. it is 48% higher than that of the yield strength of mate-
rial 50CrV4 steel (EN 10089).
ulti-body Dynamics.
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Fig. 8. Von Mises Stress analysis Plot Minimized stress at the critical region.
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4.4. Analysis on proposed Design-3 of ARB model

In the proposed design with higher radius of curvature (Local
Design 3) than the imported model and change of material of the
Please cite this article as: T. Vinod Kumar, M. Chandrasekaran, S. Padmanabhan
Anti-Roll bar of commercial truck, Materials Today: Proceedings, https://doi.or
component, the value ARB diameter 40 mm considered as it was.
As there is increase of radius of curvature (from 80 mm to
140 mm) in the design profile of imported ARB arm length revised
to 385 mm. The tract considered for this case as like as local design
et al., Material and design parameters optimization to enhance the life of
g/10.1016/j.matpr.2020.06.561
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1 and 2 as 990 mm. The Fig. 7d depicts the Stress Plot of proposed
Design of Torsion Bar (ARB) with radius of curvature 140 mm (pro-
posed design 2). The material of the ARB is 50CrV4 steel (EN
10089) and its yield strength 900 MPa. The maximum allowable
displacements under the axial roll load condition which applied
at ARB and drop link joint is fixed as 100 mm. The displacements
in direction wise at left as well as right end furnished below the
stress plot. The force obtained for 100 mm displacement of ARB
was 13479.5 N. The stiffness was estimated that 134.8 N mm and
it is 49% lesser than the imported design ARB. The roll stiffness
which due to the cumulative effects of ARB, tire and spring systems
that 4451Nm per degree of turn and it is 21% lesser than that of
imported design ARB. The yield limit as specified was 900 N per
square mm. But the stress induced was found that 900.35 N per
square mm. it is nearly equal to the yield strength of material
50CrV4 steel (EN 10089) and also 23.699% less than the conven-
tional tortional bar.
4.5. Analysis on proposed Design-3 of ARB model

In the proposed design with higher radius of curvature (Local
Design 4) than the imported model and change of material of the
component, the value ARB diameter 40 mm considered as it was.
As there is increase of radius of curvature (from 80 mm to
110 mm) in the design profile of imported ARB arm length revised
to 345 mm. The tract considered for this case as like as local design
1 and 2 as 990 mm. The Fig. 7d depicts the Stress Plot of proposed
Design of Torsion Bar (ARB) with radius of curvature 110 mm (pro-
posed design 2). The material of the ARB is 50CrV4 steel (EN
10089) and its yield strength 900 MPa. The maximum allowable
displacements under the axial roll load condition which applied
at ARB and drop link joint is fixed as 100 mm. The displacements
in direction wise at left as well as right end furnished below the
stress plot. The force obtained for 100 mm displacement of ARB
was 17561.6 N. The stiffness was estimated that 175.6 N mm and
it is 33% lesser than the imported design ARB. The roll stiffness
which due to the cumulative effects of the ARB, tire and spring sys-
tems that 4936Nm per degree of turn and it is 13% lesser than that
of imported design ARB. The yield limit as specified was 900 N per
square mm. But the stress induced was found that 1037 N per
square mm. it is 15% higher than the yield strength of material
50CrV4 steel (EN 10089) and also 12.11% less than the conven-
tional tortional bar (Fig. 8).
Please cite this article as: T. Vinod Kumar, M. Chandrasekaran, S. Padmanabhan
Anti-Roll bar of commercial truck, Materials Today: Proceedings, https://doi.or
5. Conclusion

This project was conducted to eliminate the field failure of the
Imported Anti-roll bar for which we have developed a local design
with low cost by in-house facility. And the design iteration is car-
ried out by optimizing the Radius of curvature of the curved por-
tion and the arm length of Anti-roll bar to reduce the stress
concentration prevailing in the existing design. In each local design
proposals had its unique pros and cons and were verified and val-
idated during durability test and the performance was compared to
ascertain the optimum design. All 4 design proposals and reports
were consolidated and the analysis reports were verified. In the
comparison list we have selected the local Design 3 and local
design 4 for further investigation. By comparing the local Design
3 & 4, we found that the percentage of the roll stiffness is high in
case of local design 3 as compared to local design 4 are 21% and
12% lesser than yield value respectively. The stress also observed
in local design 4 is also within the limit. In this design and analysis
study of Anti-Roll bar, the solution arrived through design Iteration
method with existing in house resources. And Overall cost saving
achieved is of 20% with this localized part design solution. The
material change gives only 22% reduction on yield stress of mate-
rial in stress but cumulatively with design changes 0% to 15% than
yield stress of the material.
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