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Abstract— In the present day, air pollution has been a major
issue in metro cities. A need for proper technological move
on weight optimization of automotive vehicle with greater
sustainability of material strength and rigidity is a must to
do least in reduction of air pollution. One of the vital
component of suspension system is Multi-leaf spring.
Various automotive industries have placed focused onto
replacement a material of leaf spring. The core aim of this
manuscript is to give a general study on FEA (Finite
Element Analysis) analysis of mono leaf spring with
reduction in unspur weight by optimization in geometry.
This text carries out study of leaf spring on two different
spring grade materials (1S-55Si7 and I1S-50CrV4). In this
study typical mono leaf spring of light motor commercial
vehicle is used. Autodesk® Inventor 2018™ is used for
modeling of springs and the analysis is carried out on
Autodesk® Nastran-InCAD 2018™.
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I. INTRODUCTION

A Multi-Leaf spring is a type of suspension system, whose
major application is to damp vibration and provide smooth
ride on bumpy roads. It is a shock absorption system by
spring deflection, so that the potential energy is stored in a
leaf spring and then relieved slowly. It also has lateral
loading, braking torque and driving torque. The main
advantage of a Multi-leaf spring over other spring is that the
ends of the spring can be guided along a definite path as it
deflects to act as a structural member in addition to energy
absorbing system. In future, in order to sustain natural
resources and also to economize power and energy, weight
reduction has been the focus for an automotive industry. It
can be achieved by change in geometric design aspects and
using various composite materials. In this Manuscript two
different parametric designs of master or mono leaf are
considered for weight reduction.[1]

M.Venkatesan, D.Helmen, have studied under the
same static load conditions stresses and deflection of spring
grade steel and composite material multi-leaf springs and
found great differences in the parameters. Deflection of
composite is less as compared to steel spring with similar
loading parameters. The weight of steel leaf spring was
found to be 24 kg on the other hand the weight of composite
leaf spring was found to be 3.7 kg. Indicating reduction in
weight about 80% with same performance level.[2]

Naman Gupta, Manas Purohit, Deepika Potghan
have studied the mono leaf spring under two different spring
grade steel with different geometric design. Various stress
concentration reducer were applied to the design and able to
reduce weight with similar von-mises stress ratio to the net
weight. The paper concluded 14.53% and 14.03% reduction
in weight two different steel material.[3]

Pankaj Saini, Ashish Goel and Dushyant Kumar
have studies on analysis of composite leaf spring for light
vehicles. In the text, they have considered commercial
passenger vehicle with Multi-leaf steel spring of ten leaf for
analysis of stress and deflection by using ANSYS 10
Mechanical software. The aim of study is to compare the
stresses and load bearing capacity of composite leaf spring
with that of steel leaf spring. The material selected was
graphite epoxy, E-glass and carbon epoxy which was use
against conventional spring grade steel. The dimensions,
parameter and the number of leaves for both steel leaf spring
and composite leaf springs are considered to be the same.
Their considered design constraints were stresses and
deflections.[4]

From the FEA (Finite Element Analysis) analysis
results it was found that there is a maximum displacement of
10.116mm in the steel leaf spring and the corresponding
displacements in E-glass, Graphite epoxy, and Carbon
epoxy are 15 mm, 15.75 mm and 16.21 mm. From further
analysis, the solid von-mises stress in the steel is 453.92
MPa and the solid kvon-mises stress in E-glass, Graphite
epoxy and Carbon epoxy is 163.22 MPa, 653.68 MPa and
300.30 MPa was exiting in respective material. A
comparative study has been done among steel and
composite leaf spring with respect to weight and strength. A
composite Multi-leaf spring reduces the weight by 81.22%
for E-Glass, 91.95% for Graphite epoxy, and 90.51 % for
Carbon epoxy over steel spring grade leaf spring.[4]

Il. METHODOLOGY

The parametric designs are prepared with the help of CAD
software namely Autodesk® Inventor 2018™ on student
license subscription over compatible PC workstation. For
the reduction of complexity only the mono leaf or master
leaf of a Multi-leaf spring for light motor vehicle is
considered with standard specifications.[4]

Parameter Value
Total Length of Leaf 1120mm
Free Camber at zero Load 180mm
Number of full length Spring | 1 unit
Thickness of Leaf 6mm
Width of Leaf 50mm

Table 1: Specifications of Leaf Spring
From the above specification two design of leaf
spring are modelled with different geometric features for
reduction in weight and stress.
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Fig. 1: Master Leaf

i | 1]

L50.00
1120.00 | 10.00

180.00+

6.00

05and 10 | 10mm

06and 09 | 10mm

07and 08 | 7.5mm

Table 2: Size of Holes

1S-55Si7 1S-50CrVv4
Young’s Modulus | 210e+3MPa 200e+3MPa
Poisson’s ratio 0.30 0.28
Density 7850kg/m?® 7830kg/m®
Yield Strength 1100MPa 1200MPa
Tensile Strength 1700MPa 1500MPa
Table 3: Mechanical Properties of Materials
IS-55Si7 1S-50Crv4

Weight — (Before | 5 yhe1q 2.999kg
optimization)
Weight After
Opti%wization) ( 2.535kg 2.529kg
Total Weight
oduction 9 0.471kg 0.470kg
Percentage 15.65% 15.68%
Reduction

Fig. 2: Master Leaf Specification

Table 4: Weight Reduction

I1l. STATIC ANALYSIS

Finite Element Analysis (FEA) is a computer numeric-based
mathematical model algorithm technique for calculating the
behavior 3D and 2D vector finite elements. It can be used to
calculate various physics and electrical parameters like
deformation, stress, vibration, model etc. and many other
phenomena. The mono leaf spring is meshed with linear
type mesh and applied equal load at two eyes in negative Y-
direction. The leaf spring is simply supported and
constrained with zero degree of freedom. The following
figures shows the static load analysis at various magnitudes.
Fig. 14 and Fig 15 shows comparative results for both
materials.
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Fig.4: Master Leaf Specification (Optimized)

The radius of holes is different due to stress
formation throughout the length of leaf. Radii of largest
holes are 40mm and smallest holes are 15mm. The variation in
holes magnitude and inter-related distance is in accordance
with the stress concentration. The materials considered for the
study are two widely used spring grade steel namely, 1S-55Si7
and IS-50Crv4. The volume of Master leaf spring is
382972.902mm?3, while the volume of Master leaf spring
after optimization is 322928.525mm?. The mass of two
material are with Relative Error of 0.385227%. [5]

Hole No. Radius
0Oland 14 | 20mm
02 and 13 | 17.5mm
03and 12 | 15mm
04 and 11 | 12.5mm

&,

z

Fig. 5: Meshing and Boundary condition
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CONTOUR: SOLID VON MISES STRESS (MPa)
DEFORMED TOTAL: (MIN=0, MAX=69.6086)
QUTPUT SET: SUBCASE 1

Fig. 6: 1S-55Si7 (Master Leaf 500N)
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Fig. 9: 1S-55Si7 (Optimized Leaf 2000N)

Fig. 7: 1S-55Si7 (Optimized Leaf 500N)
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CONTOUR: SOLID VON MISES STRESS (MPa)
DEFORMED TOTAL: (MIN=0, MAX=69.8955)
OQUTPUT SET: SUBCASE 1
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Fig. 10: 1S-50CrV4 (Master Leaf 500N)

Fig.8: 1S-55Si7 (Master Leaf 2000N)
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Fig. 11: 1S-50CrV4 (Optimized Leaf 500N)
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Fig. 12: 1S-50CrV4 (Master Leaf 2000N)
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Fig. 13: 1S-50CrV4 (Optimized Leaf 2000N)
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Fig. 14: Design Comparison (1S-55Si7)
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Fig. 15: Design Comparison (1S-50CrV4)

IV. CONCLUSION

This study shows weight optimization of leaf spring with the
application of stress concentration mitigations, Moreover
comparison of von-mises stresses developed in a master leaf
before and after mitigation for two different materials.

This study concludes the reduction in weight as

well as in von—mises stress generation for both materials
successfully. It is a general study and only applicable when
permissible limit is up to 20% of stress. The maximum
reduction in the solid von-mises stress at optimum load
condition (2000N) before and after the optimization is
4.75% and 4.71 for 55Si7 and 50CrV4 respectively.
Furthermore, reduction in weight is 15.65% and 15.68% for
55Si7 and 50CrV4 respectively under the above load
conditions.
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