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Abstract - A vehicle experiences a lot of forces on its systems
and components while driving, cornering, braking etc. These
forces are combination of road loads such as grade load,
rolling or air resistance or sometimes impulsive force acts on a
vehicle when it passes over a pot hole. These forces sometimes
create instability while driving. One such effect is vehicle
rolling [1] which occurs while cornering. The centrifugal force
shifts the weight to the outer wheels and forces the vehicle to
lean in the outward direction. This rises the inner wheels and
they lose the necessary traction. This results in vehicle
instability and might lead to catastrophic accidents on a rainy
day. To prevent this, a device called anti roll bar is designed
which connects the two wheels by a U shaped rod made of
spring material. This rod has excellent rolling stiffness which
prevents the excessive vehicle roll by holding one wheel
against the other. In this paper, a new method of centrifugal
casting is proposed to enhance the mechanical properties of
the material which improves the equal force distribution,
performance and durability of the anti-roll bar.
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1.INTRODUCTION

Anti-roll bars are essential components of a vehicle
suspension system. They are inexpensive and simple devices
which can be installed in any conventional and older
vehicles. They greatly enhance the performance of the
vehicle while cornering. It is basically a U shaped torsion
spring which is made of high strength spring steel whose
ends are attached to pars of suspension or wheel to absorb
maximum impact and wheel translations. The linear motion
of the wheel is translated into torque by the spring and it
forces the other wheel to remain aligned to the main wheel.
They can be in various shapes with different turns and bends
as shown in the figure 1. It can have three different types of
cross-sections namely solid circular, hollow circular and
solid tapered.

2. GEOMETRY AND CONNECTION OF ANTI-ROLLBARINA
VEHICLE.

The anti-roll bar can have different geometries which
includes several bends and curves which is specific to the
kind of vehicle and the application. For example, a race car
needs a stiffer suspension because they have low ground
clearance and the wheel swing is lesser in comparison to a
commercial vehicle. The weight of a commercial vehicle is
high, and it has large wheel swing.

The Anti-roll bar must be installed via a rubber bush [2]
which restricts the degree of freedom and allows only
rotation along the axis of the anti-roll bar. This helps in equal
application of torque on both wheels. If there is any offset or
misalignment while installing the anti-roll bar, it disturbs the
force distribution [3] and leads to uneven torque application
on wheels. The ends of anti-roll bars have a pin joint which is
attached to suspension, knuckle or sometimes to the control
arm.

Figure 1. Anti-Roll Bar or Sway Bar.

Also, one disadvantage of the anti-roll bar is that when the
vehicle travels on bumps, the anti-roll bar tends to lift the
other wheel. This causes instability in vehicle. Also, this force
is impulsive and has a large magnitude which induces alarge
torque on the anti-roll bar. So, the anti-roll bar should have
sufficient torsional stiffness to sustain the impact during
bumps.

2.1 Formulation of stiffness for Anti-Roll bar

The stiffness of the anti-roll bar generally depends on the
following parameters mentioned in Fred Puhn’s Sway Bar
Stiffness Formula.

g = SO000D«[ 00 — D%
T (0.42444RT«IL) + (02264457 0
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Figure 2. Dimensions and design parameters for anti-roll
bar.
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Paramet | Dimensions FIAT 500 | Honda Chevrolet

er (Hatchbac | Accord Trax (SUV)

oD Outer 1.45 1.45 1.5
Diameter

ID Inner 1.15 1.25 1.15
Diameter

R Effective Arm | 14 12 15
Length

L Half Length of | 13 11 10
Bar

S Length of Arm | 17 16 16

Q Sway Bar | 407.86 435.57 715.95
Stiffness

Table 1. Stiffness calculation for anti-roll bars of
Hatchback, Sedan and SUV.

In this study, 3 samples of anti-roll bars were taken from
different 2016 FIAT 500 (Hatchback), 2016 Honda Accord
(Sedan) and 2016 Chevrolet Trax (SUV) categories of
vehicles. The Fred Puhn’s Sway Bar Stiffness Formula was
used to calculate the stiffness (Q value). In case of Hatchback
and Sedan, the stiffness value was almost similar but in case
of SUV the stiffness value was very high due to the large
mass of the vehicle. To meet the requirements of high
performance vehicle, the sway bar should be manufactured
with higher stiffness to sustain large dynamicloads. To meet
this demand, conventional manufacturing methods should
be altered to enhance the manufacturing so that the
performance of the anti-roll bar is improved.

The sway bar stiffness (Q value) so obtained from Fred
Puhn’s Sway Bar Stiffness Formula was later used in the
Torsion Rigidity criteria to obtain angle of twist for different
materials which has modulus of rigidity similar to the high
strength steel [4] [5].

According to Torsion bar equation [6],

T T Ga
"R L
e )
According to Rigidity Criteria condition
T GE .
T {which iz equal to @ obtained from Fred Puhn's Formula)
(ol L
Therefore Q= — = 6= % (3)

These calculation (Table 3) shows that the angle of twist for
anti-roll bars of different categories. The angle of twistis low
in case of hatchback and in case of sedan it’s slightly high
because of the large mass and same is the case with SUV.
This is the common angle of twist value for anti-roll bars [7]
[8] which either needs to be reduced in case of Sedans and
SUV since the large mass of the vehicle exerts a large torque
on the vehicle. Also, at this high torque the material
experiences large fatigue loads and can result in
development of creep or cracks and can lead to failure [9].
To prevent this, the manufacturing process should be

enhanced to obtain good torsional strength and at the same
time material should be free from defects to avoid
catastrophic failure of the component
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Table 2. Anti-roll bar dimensions and vehicle

specifications.
t [s|] a | 6] » [ 2] o | «
Half bar | Length | Safimess of | Modulus |Polar moment | [angth Angle Shaar
fength: | ofarm | antircll Dar | of rgxiity of et ofbar | oftwst | stress
finch) nch) (osfinch) 1opa) finch*&) finch) | {cagrees) {ibf, Lard
13 | 22 13598552 79 (035746823 26 223774 81289
12 22 | 13598552 | 772 035746823 26 228991 %1249
[ 13 | 22 |13598552| 793 (035746823 26 222927 81249
| 13 | % [wsoessa| 78 [035746823] 26 226643 81249
1 | ;2 |[wsesssz| 75 (03S7e6aa3 36 235708 81249
|13 | ;2 [13598S52| 76 (035746823 36 732607 81345
13 22 |13598552| 77 |035736823 26 229586 81249
13 15 | 17325418 79 |034450905] 26 |285447| 3834
13 18 |173esa18| 772 |o3easoeos| 26 |29.2103) 99834
13 18 | 17346418| 793 |038250905)| 26 | 284368 99884
13 18 | 17346418 ] 038450905| 26 | 289107 | 99.884
13 18 | 17346418 5 0344509051 26 | 300671 99834
13 18 | 17346418 76 034450905 26 |296715] 99834
13 18 | 17346418| 77 |034250%05] 26 |29.2862! 99834
15 73 15243897 79 |oanss7eil 30 | 308425 10594
15 23 |16243697| 772 |[043155781] 30 |315516] 10594
15 23 | 16243897 793 |o4amios7st| 30 |3072s8) 10594
15 15243697 | 78 |043195781] 30 |312379)10594
15 73 |16243097| 75 |oazeszeal 30 |324874] 10594
15 16243697 | 76 |oa3iesysl] 30 | 320599) 1050
15 23 |6243697| 77 |o4a319s781] 30 |31643s] 10504

Table 3. Calculation of Design parameters using Torsion
Rigidity Criteria.

3. MATERIALS USED TO MANUFACTURE ANTI-ROLL BAR

The most commonly used materials used for manufacturing
the anti-roll bar are SAE Class 550 (G5160 to G6150) and
Class 700 (G1065 to G1090) Steels. Certain manufacturers
also use Titanium Alloys like Ti-6Al-4V (Grade 5). Usage of
composite materials like Carbon Fiber [10] [11] has also
increased in the recent years.

© 2020,IRJET | ImpactFactor value: 7.34

IS0 9001:2008 Certified Journal |

Page 1513



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

IRJET Volume: 07 Issue: 01 | Jan 2020

www.irjet.net

p-ISSN: 2395-0072

Material Density | Young’s | Shear Shear Poisson’
Modulus | Modulus | Strength | s Ratio

SAE C(lass | 7.85 190-210 | 80 390-700 | 0.27-0.3

550

SAE Class | 7.85 200 80 470 0.27-0.3

700

Ti-6-Al-4V | 4.43 120 44 550 0.342

Carbon 2.25 520 5.6 590 0.950

Fiber

Table 4. Mechanical Properties of Anti-roll bar materials.
4. CONVENTIONAL MANUFACTURING PROCESS

The Anti-roll bars are manufactured by the process of
extrusion (which makes the hollow pipes), followed by roll
bending (which gives shape to the anti-roll bar), hot pressing
(to flatten the ends for easy installation), chipping (to chip
extra material), hole punching, tempering (heat treatment to
enhance mechanical properties), shot peeing (to induce
surface hardening) and finally corrosion coating (to protect
the surface from getting corroded).

This process involves the use of extrusion which has the
following disadvantages on the anti-roll bar in its
manufacturing and operation.

e If the hollow pipe is extruded, there are chances of
eccentricity in the pipe which leads to unequal
distribution of forces on the hollow pipe cross section
and hence leads to failure.

e There are also chances of ‘die-swelling’ which occurs
when the material expands when it comes out of the die.
This also leads to uneven expansion of material and
creates irregular geometry. Also due to the die-swelling,
there are chances of porosity or voids and hence this
porous material can lead to failure on application of high
torque.

5. PROPOSED MANUFACTURING PROCESS

To eliminate the porosity and uneven cross section, the
process or centrifugal casting is produced as a replacement
to enhance the manufacturing of anti-roll bars. The process
is as shown below.

ot
Bending
Male Corravion
Punching Coating

Figure 3. Flow chart of the proposed manufacturing
process for manufacturing anti-roll bar.

Centrifugal casting process [12] is performed rotating a
permanent mold continuously at 500-3000 RPM when the
metal is casted into it. Due to rotation, centrifugal forces
evenly pushes away the metal on the walls which resultsin a

highly symmetrical casting. The casting is then allowed to
cool and later taken out. The casting orientation can vertical
or horizontal depending on the part geometry.

Stages of development of Anti Roll Bar

The Anti-roll bar will be developed in the following stages
using the proposed manufacturing process.

1. Centrifugal Casting of Hollow Pipe

L

Figure 4. Hollow Pipe obtained from Centrifugal casting.

2. Bending of the Hollow Pipe

Figure 5. Bending of hollow pipe using Roll Bending
Process.

3. Acquiring the shape of the Anti-roll bar

Figure 6. Finishing process to obtain the correct geometry
of anti-roll bar.

4. Stamping process to obtain flat surface for
attachment.

Figure 7. Stamping process used to obtain a flat surface for
easy assembly.

© 2020,IRJET | ImpactFactor value: 7.34

ISO 9001:2008 Certified Journal | Page 1514



é’//. International Research Journal of Engineering and Technology (IRJET)

IRJET Volume: 07 Issue: 01 | Jan 2020

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

5. Punching holes to fix screws.

Figure 8. Punching process used to obtain holes for fixing
SCrews.

6. Heat treatment of the part

Figure 9. Heat treatment of the finished part to enhance
mechanical properties

6. TORSION ANALYSIS OF ANTI-ROLL BAR

Torsion Analysis of Anti-Roll Bar was done on ANSYS
Workbench 17.1. The following conditions have been
considered for simulation.

Kerb Weight of Honda Accord = 1420 kg

Unsprung weight of car is 15% of the kerb weight = 0.15 x
1420 = 213 kgs.

Weight acting on one suspension = 213/4 = 53.25 kg
M =53.25
F=m (g-a)

a=0.722 m/s? (acceleration of suspension during translation
over a speed bump)

F=53.25(9.81-0.722) = 483936 N~ 484N
FOS=3

Final Force = 1452 N

s - = 3 "“N

Figure 10. Equivalent Stress of Anti-Roll Bar.

o

Figure 11. Equivalent Elastic Strain of Anti-Roll Bar.

i - ! R e

o

Figure 12.Total Deformation of Anti-Roll Bar.
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7. ADVANTAGES OF USING CENTRIFUGAL CASTING TO
MANUFACTURE ANTI-ROLL BAR

Figure 13.Extruded part with Eccentricity and dispersed
impurities on the left. Centrifugal casting with concentric
hollow casting and accumulated impurities on the
circumference.
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e Centrifuge process also pushes away impurities on
the ends of casting. Upon solidification, this can be
machined to obtain a pure casting free from
impurities. This enhances the torque distribution on
the cross section which helps the designers to design
a compact, lightweight and effective anti-roll bar.

e Centrifugal castings are usually highly dense and
symmetric. Due to rotation, high porosity and mid-
wall defects are eliminated and hence the material
has homogenous density [13]. This improves the
performance of the anti-roll bar in dynamic
conditions and high torque applications.

e The cooling takes place from outside surface to inside
surface and hence the partis free from any shrinkage
cavities, gas pockets or blowholes. This form of
cooling also induces fine grain casting which
enhances the mechanical properties like yield
strength, tensile strength and the material has longer
life.

1) Economic Advantages of Centrifugal casting

e It reduces manufacturing costs since material
wastage, elimination of parts and machining time is
greatly reduced.

e It is also suitable for mass production and reduces
high inventory costs.

e It also provides flexibility to manufacture parts of
differentsizes and geometries.

¢ Gates and risers are not needed in this process.

e Usually lesser temperature of molten metal is
required for this casting process and hence it saves a
lot of money and energy.

e After casting processes are reduced.
CONCLUSION

In this paper, the anti-roll bar was chosen for study where
its functionality was defined and its role in vehicle stability
and control. Fred Puhn’s Sway Bar Stiffness Formula was
used to calculate the stiffness of 3 different anti-roll bars from
Hatchback, Sedan and SUV segment. The results were
formulated, and later Torsion bar equation was used to
calculate other parameters like polar moment of inertia and
angle of twist. This angle of twist was compared with the
existing values and hence a change in manufacturing process
was proposed.

The conventional manufacturing process which uses
extrusion process had demerits and defects which leads to
functional instabilities and increase chances of failure in the
anti-roll bar. So extrusion process was replaced by centrifugal
casting which greatly enhances the mechanical properties,

minimizes porosity and reduces chances of failure. It also
reduces the defects and material rework of the casting is
greatly reduced since there is no use of risers.

Centrifugal casting is also economically feasible and suitable
for mass production. Hence this new casting process
enhances the manufacturing and functional capabilities of
the anti-roll bar and hence it can be substituted in place of
extrusion process to obtain better finished product. Further
the centrifugal casting can be done at various speeds to
obtain different densities of castings.
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