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ABSTRACT

Since last few decades many researchers worked on the
analysis of suspension system. In our research work we
consider the mono parabolic leaf spring of mini truck
which having gross vehicle weight of 1550 Kg. The
thickness of parabolic leaf spring is varying from middle
to the both eye end of the spring. Thickness is more at the
middle and it continues reduced with the length of spring.
The analysis and modeling of parabolic leaf spring (PLS)
is done in CATIA V5 by using the part design and
analysis workbench. The FEA is performed by creating
the discrete model of PLS and applying the same
boundary condition as actual working under the static
loading condition. The result obtained by the FEA shows
that the critical area where the stress concentration is
higher is near to the shackle and it may be the lead to the
failure.

The DOE is performed to understand the behavior of the
stress and deflection by varying the parameter as camber,
leaf spring, thickness and width of the PLS. These studies
lead us to find out most optimum configuration of
parameter under the given boundary condition.

Keywords — CAE (Computer Aided Engineering),
CATIA (Computer Aided Three Dimensional
Interactive Application), CAD (Computer Aided
Design), DOE (Design of Experiment), FEA (Finite
Element Analysis), PLS (Parabolic Leaf Spring).

1. INTRODUCTION

Design and development of a parabolic leaf
spring is a long and time taking process which
requires number of experiment to validate the design
variables. We have used CAE to shorten this
development thereby reducing the tests. A systematic
procedure is obtained where CAE and tests are used
together. CAE simulations are widely used in the
auto industries. In fact, their use has enabled the
automakers to reduce product development cost and
time while improving the safety, comfort and
durability of the vehicles they produce. In this
research work parabolic leaf spring of a mini-loader

truck has taken into consideration. The
objective of this work is to carry out computer aided
design and analysis of a conventional leaf spring.
The material of the leaf spring is 55Si2Mn90. The
Solid modeling and FEA of the leaf spring is done in
CATIA V5.

The basic problem which is encountered in
parabolic leaf spring is the change in the dimensions
of camber and leaf span due to frequent loading and
continuous running of the mini loader truck. The
basic observation carried out in this thesis is
regarding the decrease in the leaf span and increase
in the camber after a period of time. This acts as a
limitation to spring action. Hence it becomes very
essential to restore the spring action to the initial
level. This is because the spring is always loaded and
the load on it may be due to the cargo or due to its
own weight. It is observed that due to the change in
dimensions of camber and leaf span there is a
decrease in the amount of comfort level both to the
rider and the cargo loaded on it. After continuous
running of the automobile the portion of PLS near
the shackle tends to weaken in a sense that the
thickness is reduced which ultimately results in high
stress concentration. This is a cumulative effect and
after certain period of time the PLS fails. The
objective initially is to study the behavior of a PLS
under static loading conditions by varying the
camber, leaf span, width and thickness.

2. MATERIAL

The basic requirements of a leaf spring steel is that
the selected grade of steel must have sufficient
harden ability for the size involved to ensure a full
martenstic structure throughout the entire leaf
section. In general terms higher alloy required to
ensure adequate harden ability when the thick leaf
sections are used. The material used for the
experimental work is 55Si2Mn90. The other
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designation of this material is shown in Table-1 and
its chemical compositions are shown below in Table
-3.

Table 1 — Nomenclature corresponding to current
PLS

Internatio Equivalent Grades
nal
Standard IS DIN BS AISI
EN45 55Si2Mn90 | 55Si7 | 250A53 9255

Many industries manufacture parabolic leaf springs
by EN45 material. These materials are widely used
for production of parabolic leaf springs and
conventional multi leaf spring. Leaf spring absorbs
the vertical vibrations, bumps loads (induced due to
road irregularities) and shocks by means of spring
deflection, so that the potential energy stored in the
leaf spring and then relieved slowly. Ability to store
and absorb more amount of strain energy insures the
comfortable suspension system.

3. DESIGN PARAMETER

Dimensional parameters of the parabolic steel leaf
spring used are shown in Table - 2.

Table 2 — Material Properties of existing PLS

PARAMETER VALUE
Material selected - steel | 55Si2Mn90
Young’s Modulus (E) 200GPa
Poission’s Ratio 0.3

Tensile Strength | 1962 MPa
Ultimate

Tensile Strength Yield 1500 MPa
Leaf Span 1025 mm
Camber 90.81 mm
Thickness 6.35 mm
Width 60 mm
Density 7850 kg/m’
Thermal Expansion 11x10°/°C

Table 3 — Composition of various elements in
55Si2Mn90

CAD MODELING

CAD model is one of the most important things in
FEA because it affects directly the result of output
value FEA analysis. So modeling of any geometry in
CAD software should required proper attention. In
this project work modeling of PLS has done by using
the part design workbench and 2D sketch of PLS is
initially created and then we convert this 2D sketch
into a 3D model by applying the multi section solid
tool in design workbench. The parameter of PLS of
this 3D model has been cross checked with the
existing model of spring by using drawing and

Gra | C Si Mn [Cr | Mo |P S
de % % % % | % % %

55S
i2M | 0.55 | 1.74 | 0.87 | 0.1 0.02 0.05 | 0.05
n90

drafting of PLS.

Figure — 1 CAD Model of PLS

4. RESULT FROM FEA, DESIGN OF
EXPERIMENT & SIMULATED
ANNEALING ALGORITHM

Result From Existing Model: The CAD model of
leaf spring is analyzed in CATIA V5R20. For the
analysis of stress and displacement one eye end is
kept fixed and the other is maintained at sliding
contact. The load is applied at the center of the
parabolic leaf spring of amount 3800 N in vertically
upward direction. And mechanical properties for
555i2Mn90 are defined in CATIA V5R20 as
mentioned above. In this parabolic tetrahedron
element with element size 10 mm and absolute sag of
2 mm is considered.
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Figure - 3 Deflection plot of PLS
Stress distribution on the parabolic leaf spring is
shown in fig. 2 and corresponding displacement is
shown in fig. 3. The values of stress and deflection
obtained by FEA are shown in Table 4 below.
Table 4 - Output parameters by FEA

S.N. | PARAMETER | VALUE

| Max Von Mises | 553453360 N/m?
Stress
Max Deflection | 14.6 mm
Mass 4.863 kg

Design of Experiment: It may also be defined as a
statistical technique which studies the effects of
multiple variables simultaneously. It determines the
factor combination for optimum result. DOE offers a
fast & efficient means for defining the values of
these parameters that would produce the fewer
number of defects. There are many algorithms
available in CATIA. Here design of experiment is
used to find out the optimum setting of parameter for
given loading condition. Design of experiments has
been implemented by varying camber from 80 mm to
100 mm in steps of 4 and by varying eye distance

from 1020 mm to 1030 mm in steps of 4 and width
vary from 45 mm to 75 mm in step of 5 and
thickness of PLS is vary from 4 mm to 10 mm in step
of 5.

Table 5 — Most Feasible Parameter Obtained by

DOE
S No Parameter Value
1 Camber 93.3 mm
2 Thickness 7.0 mm
3 Width 60 mm
4 Leaf Span 1020 mm
5 Stress 450100000 N/m*
6 Deflection 12.3 mm
7 Mass 5.1Kg

Variation of Von Mises Stress with respect to
Camber, thickness, width and Eye distance is plotted
in fig. 4 on the basis of data obtained from DOE
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Figure — 4 Result plot from DOE

Table 5 — Most Feasible Parameter Obtained by

DOE
S No Parameter Value
1 Camber 93.3 mm
2 Thickness 7.0 mm
3 Width 60 mm
4 Leaf Span 1020 mm
5 Stress 450100000 N/m’
6 Deflection 12.3 mm
7 Mass 5.1 Kg

5. CONCLUSION

This work involves design and analysis of a
conventional leaf spring under static loading
conditions. The 3D model is prepared in CATIA and
then CAE analysis is also performed in the same
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software. The results obtained from CATIA using
DOE Algorithm, shows that the stress is minimized
in the 233" iteration. It was found that there was a
considerable reduction in the magnitude of stress.
The magnitude of new optimized stress was
450100000 N/m?, which led to a 14 % reduction
when compared to the magnitude of stress in the
existing PLS. So modification in parabolic leaf
spring of mini loader truck can be done as camber
93.3 mm and eye distance 1020 mm thickness 7 mm
and width should be 60 mm to reduce the maximum
stress.
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