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 In this present work is carried out a mono 
Graphite epoxy and Kevlar epoxy. The leaf spring is widely used in automobiles and one of the Components of suspension system
leaf spring component as failure could lead to accidents. So the purpose of this article to predict Stress, deflection and Strain energy. A 
single leaf with variable thickness and variable width for constant cross sectional area of different composite materials whi
mechanical and geometrical properties. The FEA results using ANSYS software showing stress and deflection were verified.
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INTRODUCTION 
 
 Leaf springs are widely used in automobile and 
in railway. The leaf spring should absorb the vertical 
vibrations and impacts due to road irregularities by 
means of variations in the spring def
the potential energy is stored in spring as strain 
energy and then released slowly so increasing the 
energy storage capabilities of a leaf spring and 
ensures a more compliant suspension system .Leaf 
springs are probably one of the oldest fo
spring-type suspension systems, having been in use 
since Medieval times. Until recently, leaf springs 
were a common rear suspension component of most 
automobiles. The introduction of light
wheel drive vehicles has basically made the use
leaf springs unnecessary, and automobile 
manufacturers are now using coil springs for both 
front and rear suspension systems. Leaf springs are 
now generally used only for heavier commercial
vehicles such as trucks, vans, trailers, and railroad 
cars. 
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ABSTRACT 

In this present work is carried out a mono leaf spring using EN 45 steel and different composite materials such as E
Graphite epoxy and Kevlar epoxy. The leaf spring is widely used in automobiles and one of the Components of suspension system

d lead to accidents. So the purpose of this article to predict Stress, deflection and Strain energy. A 
single leaf with variable thickness and variable width for constant cross sectional area of different composite materials whi

ometrical properties. The FEA results using ANSYS software showing stress and deflection were verified.

Leaf springs are widely used in automobile and 
in railway. The leaf spring should absorb the vertical 
vibrations and impacts due to road irregularities by 
means of variations in the spring deflection so that 
the potential energy is stored in spring as strain 
energy and then released slowly so increasing the 
energy storage capabilities of a leaf spring and 
ensures a more compliant suspension system .Leaf 
springs are probably one of the oldest forms of 

type suspension systems, having been in use 
since Medieval times. Until recently, leaf springs 
were a common rear suspension component of most 
automobiles. The introduction of light-weight front-
wheel drive vehicles has basically made the use of 
leaf springs unnecessary, and automobile 
manufacturers are now using coil springs for both 
front and rear suspension systems. Leaf springs are 
now generally used only for heavier commercial-type 
vehicles such as trucks, vans, trailers, and railroad 

1.1  Mono-Leaf Spring:  
 A mono-leaf spring has only one arc
steel strip, which is usually very thick in the middle 
with much thinner ends 
 

 
1.2 Multi-Leaf Spring: 
 Multi-leaf spring is constructed of several arc
shaped steel strips of varying lengths that are stacked 
together with the longest strip at the top, and the 
shortest strip at the bottom. 
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leaf spring using EN 45 steel and different composite materials such as E-glass/ epoxy, 
Graphite epoxy and Kevlar epoxy. The leaf spring is widely used in automobiles and one of the Components of suspension system. The 

d lead to accidents. So the purpose of this article to predict Stress, deflection and Strain energy. A 
single leaf with variable thickness and variable width for constant cross sectional area of different composite materials which similar 

ometrical properties. The FEA results using ANSYS software showing stress and deflection were verified. 

leaf spring has only one arc-shaped 
steel strip, which is usually very thick in the middle 

 

leaf spring is constructed of several arc-
lengths that are stacked 

together with the longest strip at the top, and the 
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2. Literature Review: 
 Yohannes Regassa, R. Srinivasa Moorthy & 
Ratnam Uppala, Studied and analyze how failure 
occurs on the semi-elliptical master leaf spring of a 
car by analytical approach and using FEM 
simulation. To overcome this failure, multiple trials 
have been made in terms of change of material and 
thickness of the semi-elliptical leaf spring and they 
found out that carbon steel improves the resistance to 
permanent set of springs.[1] 
 Meghavath. Peerunaik, Tippa Bhimasankara Rao 
,K.N.D. Malleswara Rao, represent to estimate the 
deflection, stress and mode frequency induced in the 
leaf spring of an army jeep.They conclude that static 
analysis results of mono composite Carbon Epoxy 
leaf springs are compared to steel leaf spring. The 
results show that [1] the stresses in the composite 
leaf spring are much lower than that of the steel 
spring. [2] The composite spring can designed to 
strengths and stiffness much closer to steel leaf 
spring by varying the layer.[3] configuration and 
fiber orientation angles. Vivek Rai , Gaurav Saxena 
[2013] , [3] described to replace the multi-leaf steel 
spring by mono composite leaf spring for the same 
load carrying capacity and stiffness. These work 
involves the comparison of steel leaf material EN 47 
and Composite material leaf spring under static 
loading conditions the model is preferred of in Pro-E 
4.0 and then analysis is perform through ANSYS 
12.1 from the result obtained they concluded that the 
development of a composite mono leaf spring has 
very effective than steel leaf spring. [2] 
 A single leaf with variable thickness and 
variable width for constant cross sectional area are 
analyzed in ANSYS software with different 
composite materials along with the steel. A 
comparative study has been made between different 
composite materials and with the steel in respect of 
weight, deflection and stress. It can be observed that 
Boron Aluminum is the best suitable material for 
replacing the steel in manufacturing of mono leaf 
spring. The savings in the weight is 90.3% [4]. 
 Leaf spring have designed and modeled using 

Mild steel, E-glass, S-glass, and C-glass. As per the 
static analysis on 8-leafs, E-glass epoxy is having 
good yield strength and better than using Mild-steel 
as though stresses are little bit higher than mild steel. 
Leaf spring using 12 leafs; S-glass (Carbon 
reinforced fiber) is having better results while 
comparing with C- glass, E-glass and mild steel and 
also increased the number of leafs reduces the stress 
for structural stability [5]. 
 Under the same static load conditions, deflection 
and stresses of steel leaf spring and composite leaf 
spring are found with the great difference. Deflection 
of Composite leaf spring is less as compared to steel 
leaf spring with the same loading condition. 
Experimental results from testing the leaf springs 
under static loading containing the stresses and 
deflection shows the weight of the leaf spring is 
reduced considerably about 85 % by replacing steel 
leaf spring with composite leaf spring. Thus the 
reduction of unsprung mass is achieved to some 
extent [6]. 
 Great effort has been made by the automotive 
industries in the application of leaf springs made 
from composite materials. Vijayarangan and 
Ganesan showed the introduction of fiber reinforced 
plastics (FRP) which made it possible to reduce the 
weight of a machine element without any reduction 
of the load carrying capacity. Because of FRP 
materials high elastic strain energy storage capacity 
and high strength-to-weight ratio compared with 
those of steel, multi-leaf steel springs are being 
replaced by mono leaf FRP springs (Tanabe et al., 
1982; Yu and Kim, 1998). Shankar and Vijayarangan 
has fabricated and tested the Glass fiber/Epoxy leaf 
spring with and without bonded end joints and said 
that around 85% of weight has been reduced.[7] 
 
3. Material Description: 
3.1 Specification of EN 45 Steel: 
 The test steel leaf spring used for experiment is 
made up of EN 45 Steel. The composition of material 
is 0.60 C%, 2.0 SI%, 0.70 Mn%, 0.035 P%, 0.055 
S%

. 
Table 1: Specification of EN 45 Steel. 

Sr.No Parameters Values 
1 Length of spring 1540 mm 
2 Thickness of leaf 13 mm 
3 Width of leaf 70 mm 
4 Tensile strength 621 Mpa 
5 Young’s modulus 204 Gpa 
6 Normal static loading 2500 N 

 
3.2 Properties of Composite leaf spring: 
 
Table 2: Specification of E-glass/ epoxy. 

Sr.No Parameters Values 
1 Tensile strength 900 N/mm2 
2 Compressive strength 450 N /mm2 
3 Poisson ratio 0.218 
4 Density 2.6*10 Kg/mm3 
5 Flexural strength 1200 N/mm2 
6 Flexural modulus 40000 N/mm2 
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Table 3: Specification of Graphite epoxy. 
Sr.No Parameters Values 

1 Tensile strength 750 N/mm2 
2 Compressive strength 250 N /mm2 
3 Poisson ratio 0.25 
4 Density 2.2*10 Kg/mm3 
5 Young’s modulus 142.6Gpa 
6 Shear modulus 6.00Gpa 

 
Table 4: Specification of Kevlar epoxy. 

Sr.No Parameters Values 
1 Tensile strength 670 N/mm2 
2 Compressive strength 360 N /mm2 
3 Poisson ratio 0.34 
4 Density 2.2*10 Kg/mm3 
5 Young’s modulus 80 Gpa 
6 Shear modulus 2.2Gpa 

 
4. Finite Element Analysis: 
 

 
 
Fig. 1: Deflection for Steel leaf Spring. 
 

 
 
Fig. 2: Stress for Steel leaf Spring.   
 

 
 
Fig. 3: Deflection for E-glass/ epoxy leaf Spring.  
 

 
 
Fig. 4: Stress for E-glass/ epoxy leaf Spring. 
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Fig. 5: Deflection for Graphite epoxy leaf Spring. 
 

 
 
Fig. 6: Stress for Graphite leaf Spring. 
 

 
 
Fig. 7: Deflection for Kevlar epoxy leaf Spring. 
 

 
 
Fig. 6: Stress for Kevlar leaf Spring. 
 
5. Comparison Results For EN 45 Steel And Composite Materials: 
.  

Sr.No Material Deflection (mm) Stress (Mpa) 
1 EN 45 Steel 77 395 
2 E Glass Epoxy 79 399.5 
3 Graphite  Epoxy 67.35 382.74 
4 Kevlar  Epoxy 80.12 425 

 
6. Conclusion: 
 Composite springs with varying width and 
thickness and constant cross section has been 
developed. These leaf springs are analyzed in 
ANSYS software with different composite materials 
along with the EN-45steel. A comparative study has 
been made between different composite materials 
and with the EN-45 steel in respect of deflection and 
stress. It can be observed that Graphite epoxy is the 

best suitable material for replacing the EN-45 steel in 
manufacturing of mono leaf spring. 
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