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ABSTRACT This paper gives a look on how weight of leaf spring is reduced along with bending stresses while maintaining stiffness of

leaf spring. CAD model of leaf spring is designed on CRE-O 2.0 and analysis is carried out using ANSYS 14.5. The material
used for leaf springs is generally having 0.90 to 1.0% carbon content. For example, conventional spring materials such as 50CrV4, EN45, EN47, etc.
are being used since ages because of their tendency to return to their original shape despite of significant deflection. In this paper a mono leaf spring
of E-GLASS/EPOXY material is designed and compared with EN45 steel.
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INTRODUCTION

Leaf spring is a main component of an automobile suspension
system. They are mainly used to absorb shock loads, sudden jerks
and also to support the weight of vehicle. Elasticity is a must
conditionforaleaf spring asit has to expand whenload is applied on
it and regain its original shape when load is removed. Leaf springs
are sometimes referred to as laminated springs. The centre of this
arc-shaped spring is usually attached to the axle of the vehicle it
supports and its one end is attached to the chassis while other end
will be attached to a short swinging arm known as a shackle. Since
leaf spring accounts for the 15-20% of total un-sprung weight of
vehicle, it has always been a matter of interest to mitigate its weight
while maintaining its stiffness as it was. Reduction in weight and
equivalent stress can be efficiently achieved by using composite
material such as E-Glass/Epoxy in place of conventionally used EN45
Steel. Main consideration in leaf spring design is stiffness-strength
relationship along with weight. Stiffness can be defined as the
rigidity of an object i.e. the extent to which it resists deformation in
response to the force applied.

Fig.1 Mono leaf spring

Leaf spring CAD Model is designed in CRE-O 2.0 and analysis is
carried out theoretically as well as in ANSYS 14.5. Comparative
results of equivalent stresses induced and deformation occurred in
EN45 Steel leaf spring and E-Glass/Epoxy leaf spring at different
loads shows the advantages of using Epoxy material over
conventional steel material for manufacturing of leaf spring.

Fig.2 CAD Model of leaf spring

A

Fig.3 Meshing of leaf spring

PROBLEM DESCRIPTION

Weight of an automobile plays a vital role in deciding its efficiency in
actual working condition. Conventionally, leaf springs were made
up of heavy spring steel materials such as 50CrV4, EN45, EN47, etc
which accounted almost 20% of the total un-sprung weight of
vehicle. Therefore, to overcome this bulky and heavy weight
drawback of conventionally used materials, an attempt is made to
replace these materials with advanced composite materials. Work in
this paper is mainly concentrated on using E-Glass/Epoxy
composite material. Using E-Glass composite material in place of
EN45 Steel will provide a comfortable ride along with improved
vehicle efficiency because of reduction in weight.

METHODOLOGY OF RESEARCH

The foremost aim of this research is to develop an efficient and
practical methodology for weight and stresses mitigation of Mono
Leaf Spring model. The proposed methodology consists of four
main stages. In first stage, CAD models of existing EN45 leaf spring
and redesigned Epoxy material leaf spring are created on CRE-O 2.0
then these models are analysed at ANSYS 14.5. In second stage,
theoretical calculations were done for keeping stiffness same for
both the springs. In third stage, comparison of both CAD models
was done on the basis of stresses produced in them at the time of
loading. Atlast, results were compared for both the models.

SPECIFICATIONS OF THE CONVENTIONAL LEAF SPRING

Having elastic property is a must condition for leaf spring material.
Conventional spring materials such as 50CrV4, EN45, EN47, etc. are
being used since ages because of their tendency to return to their
original shape. Material used for leaf springs is generally having 0.90
to 1.0% carbon content. Specifically, composition of EN45 Steel is
given below:-

Carbon (C) =0.43-0.60%
Manganese (Mn) =0.50-0.90%

Silicon (Si) =1.75%
Phosphorus (P) =0.05%
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Sr. No. Parameters Values
1. Span of leaf spring (eye to eye) 1183 mm
2. Camber at no load condition 130 mm
3. Number of full length leaves 01
4. Thickness of leaf 8.25 mm
5. Width of leaf spring 61.5mm
6. Internal diameter of each eye 35.5 mm
7. Mass of leaf spring 6.48 kg

Table1. Dimensions of existing leaf spring from TATA SUMO
GOLD

1. Density 7850 kg/m’
2. Young's modulus 204000 N/mm?’
3. Yield strength 350 N/mm’
4, Tensile strength 700 N/mm’
5. Poisson ratio 0.33

Table2. Mechanical properties of EN45 Steel

SPECIFICATIONS OF COMPOSITE MATERIAL LEAF SPRING

Elasticity is a must condition for a leaf spring as it has to expand
when load is applied on it and regain its original shape when load is
removed. Conventional leaf spring accounts for the 15-20% of total
un-sprung weight of vehicle; it has always been a matter of interest
tomitigateits weight while maintainingits stiffness as it was. For this
purpose, Epoxy material is used for redesigning of mono leaf spring.

Composition of Epoxy resinis given below:-
Silicon dioxide = 54%; Aluminium oxide = 15%; Calcium oxide =
12%

b=Width of leaf (in mm)
t=Thickness of leaf (in mm)
L=Span of leaf (inmm)

1. Stiffness of EN45 Steel leaf spring-
K= (n*8*E*b*t’)/(3L°)
=(1¥8%*204000%61.5*8.25°)(3*1183’)
=11.34701N/mm.

2. Stiffness of Composite Material lead spring-
=(1%8*204000%65%11.065)(3*1183’)
=11.34702N/mm.

Now, Percentage saving in mass of Re-designed leaf spring while
keepingits stiffness constantis given by —

% saving in mass of leaf spring
=[Mass of EN45 spring — Mass of composite material spring]*100
[Mass of EN45 spring]

C> (6.489-3.085)/ (6.489) =52.46%.

RESULTS AND CONCLUSION

Results- To design composite material leaf spring, a stress analysis
was performed under static loading conditions using ANSYS 14.5
software. Calculations show that 60.11% reduction in equivalent
stresses induced and mass reduction of 52.46% is achieved
successfully without compromising on stiffness of leaf spring.

Sr. No. Parameters Values
1. Span of leaf spring (eye to eye) 1183 mm
2. Camber at no load condition 130 mm
3. Number of full length leaves 01
4. Thickness of leaf 11.065 mm
5. Width of leaf spring 65 mm
6. Internal diameter of each eye 35.5 mm
7. Mass of leaf spring 3.085 kg

Table3.Dimensions of Re-designed leaf spring using composite
material

Material Properties

1. Tensile strength of the material 900 MPa
2. | Compressive strength of the material 450 MPa
3. Shear modulus (Gxy) 2433 MPa
4, Shear modulus (Gyz) 1698 MPa
5. Shear modulus (Gzx) 2433 MPa
6. Poisson ratio along XY-dirction(uxy) 0.217
7. Poisson ratio along YZ-dirction(uyz) 0.366
8. Poisson ratio along ZX-dirction(uzx) 0.217
9. Mass density of the material (p) 2.6e6 kg/mm’
10. Flexural modulus of the material 40000
11. Flexural strength of the material 1200

THEORITICAL CALCULATIONS
Our motive is to reduce the stresses while maintaining its stiffness as

itis.

STIFFNESS- It is defined as the rigidity of an object i.e. the extent to
which it resists the deformation in response to an applied force. It is
denoted by 'K

MATHEMATICALLY-

K=Force/Deflection.

Also, K= (n*8*E*b*t’)/(3L°)

Where,

n=No.of leaves=1

E=Young's modulus of material (in N/mm?)

Material Parameters
Load | Deflection | Equivalent stress | % reduction in
(kg) (mm) (MPa) stress
Epoxy | 50 32.22 90.168 60.11 %
Steel | 50 36.674 226 -
Epoxy | 60 36.664 108.2 60.11 %
Steel | 60 44.008 271.26 -
Epoxy | 80 51.552 144.27 60.11 %
Steel | 80 58.678 361.68 -
Epoxy | 200 | 128.88 360.67 -
GRAPHS-
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Graph1. Variation in deformation of spring when load is applied on
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Graph2. Variationin equivalentstressin spring when load is applied
onit
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ANSYS ANALYSIS RESULTS-
E> 1. Deformation occurred in springs at various applied
loads

1.at490N

Fig.4EN45 Steel

Fig.5 Composite material

Fig.6 EN45 Steel

Fig.7 Composite material

T 1.Stressinduced in springs at various applied loads
1.at490N

Fig.6 EN45 Steel

Fig.7 Composite material

2.at784N

Fig. 8 EN45 Steel

Fig.9 Composite material

Above ANSYS results are based on two parameters viz. deformation
occurred and stressinduced in leaf spring when load is applied onit.

Conclusion:-

In my research, calculations show that 60.11% reduction in
equivalent stresses induced and mass reduction of 52.46% is
achieved successfully without compromising on stiffness of leaf
spring. Also, Re-designed composite material leaf spring fails above
1960N (200kg) load due to exceeding deflection in spring while, in
leaf spring made up of conventionally used EN45 Steel failures
occurs at just 784N (80kg) load due to exceeding value of stress.
This shows that Re-designed composite material leaf spring can
support 60% more weight and it weighs 52.46% less than old EN45
Steel material.
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