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Abstract
The automobile industry has shown increased interest in the 
replacement of steel springs with fiber glass composites leaf 
spring due to high strength to weight ratio. The main aim of the 
project is to find the effects of replacement of the leaf spring 
and composite leaf spring made of E-Glass Epoxy is carried out. 
Comparing the load carrying capacity, stresses, stiffness, contact 
stiffness, and weight savings of the composite leaf spring with 
that of steel leaf spring is performed. The design constraints are 
stresses and deflections.
Finite element analysis with 3-D model of 9.525 mm thick leaf 
springs by introducing the contact pair in between the leafs an 
on-linear static analysis for the steel and composite material was 
done using ANSYS. The results are compared with the theoretical 
values and found in permissible limit.
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I. Introduction
Springs are unlike other machine/structure components in that they 
undergo significant deformation when loaded - their compliance 
enables them to store readily recoverable mechanical energy. 
In a vehicle suspension, when the wheel meets an obstacle, the 
springing allows movement of the wheel over the obstacle.

And thereafter returns the wheel to its normal position. Springs 
are common also in force- displacement transducers, e.g. in 
Weighing scales, where an easily discerned displacement is a 
measure of a change in force. The simplest spring is the tension 
bar. This is an efficient energy store since all its elements are 
stressed identically, but its deformation is small if it is made of 
metal. Unlike the constant cross- section beam, the leaf spring 
is stressed almost constantly along its length because the linear 
increase of bending moment fromeither simple support is matched 
by the beam’s widening - not by its deepening, as longitude. 

Fig. 1: Leaf Spring Model

Leaf springs are essential elements in the suspension systems 
of vehicles including sport utility vehicles, trucks, and railroad 
vehicles. Accurate modeling of the leaf springs is necessary 
in evaluating ride comfort, braking performance, vibration 
Characteristics and stability. Though simple in appearance, a 
leaf spring suspension causes many problems in modeling. For 
dynamic simulation the vehicles are usually modeled by multi-
body-systems (MBS). Most wheel/axle suspension systems can 
be modeled by typical multi-body-systems elements like rigid 
bodies, links, joints and force elements. Poor leaf spring models 
approximate guidance and suspension properties of the leaf spring 
by rigid links and separate force elements. For realistic ride and 
handling Simulations the deformation of the leaf springs must be 
taken into account.

The relationship of the specific strain energy can be expressed 
as
U=s ²/ρE
Where ‘σ’ is the strength, ‘ρ’ the density and ‘E’ the Young’s 
modulus of the spring material. It can be easily observed that 
material having lower modulus and densitywill have a greater 
specific strain energy capacity.

A. Composite Materials
Composite materials (or composites for short) are engineered 
materials made from two or more constituent materials with 
significantly different physical or chemical properties which 
remain separate and distinct on a macroscopic level within the 
finished structure. It is any substance employed in making some 
useful thing or artifact. The metals and ceramics are materials 
used in industries as good conductors and refractory materials 
respectively. Generally, a composite material is composed of 
reinforcement (fibers, particles, flakes, and/or fillers) embedded 
in a matrix (polymers, metals, or ceramics).

1. Definition
Fiber-reinforced composite materials consist of ‘fibers’ of high 
strength and modulus embedded in or bonded to a ‘matrix’ with 
distinct interface (boundary) between them. In this form, both 
fibers and matrix retain their physical and chemical identities, yet 
they produce a combination of properties that cannot be achieved 
with either of the constituents acting alone. In general, fibers 
are the principal load carrying members, while the surrounding 
matrix keeps them in the desired location and orientation, acts 
as a load transfer medium between them and protects them from 
environmental damages due to elevated temperatures and humidity, 
for example. Thus even though the fibers provide reinforcement 
for the matrix, the later also serves a number of useful functions 
in a fiber reinforced Composite material.
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II. Literature Review
B.D YANG, M .L CHU AND C. H MENQ in September 1997 
proposed that Mechanical systems in which moving components 
are mutually constrained through contacts often lead to complex 
contact kinematics involving tangential and normal relative 
motions. A friction contact model is proposed to characterize this 
type of contact Kinematics The stick-slip friction phenomenon 
is analyzed by establishing analytical criteria that predict the 
transition between stick- slip and separation of the interface.

Ralf Diekmann, JanHungersh Michael Lux, Lars Taenzer and 
Jens-M. Wierumin year 2000 then proposed an efficient and 
accurate contact algorithm is essential for FE-simulation several 
moving bodies or fragmentation processes of brittle material. In 
this paper, a brief description of a contact formulation used within 
an explicit, dynamic 2D FE-code is given. The contact algorithm 
is a modified Lagrangian method; it ensures non-penetration after 
each step of the explicit time integration. It combines straight-
line and C1-continuous (smoothed) boundary approximations. 
A flexible dynamic data structure allows dynamically growing 
surfaces which are needed to simulate fragmentation processes. 
A new global contact search algorithm based on position codes 
is investigated.
Prof. Dr.-Ing. Georg Rill, FH Regensburg, Germany in, Japan 
2003 develops “LeafSpring Modeling for Real Time Applications” 
Even though it is the oldest type of automotive suspension; leaf 
springs continue to be a popular choice for solid axles. Though 
simple in appearance, a leaf spring suspension causes many 
problems in modeling. For dynamic simulation the vehicles are 
usually modeled by multi-body-systems (MBS). Most wheel/axle 
suspension systems can be modeled by typical multi-body-systems 
elements like rigid bodies, links, joints and force elements. Poor 
leaf spring models approximate guidance and suspension properties 
of the leaf spring by rigid links and separate force elements. For 
realistic ride and handling simulations the deformation of the leaf 
springs must be taken into account.

III. Suspention Leaf Spring
The leaf spring main purpose is to filter out the axle excitation 
before these disturbances reach the chassis. There are a variety of 
different suspensions used on vehicles. However, some types of 
suspensions have grown more popular than others. In the truck /
car industry the overwhelming majority are leaf springs. Leaf 
springs are less expensive, simpler and more reliable than any 
other common suspension. In addition they act as both spring and 
damper simultaneously, thus, reducing or eliminating the need for 
independent shock absorbers.

A. Suspension Model
All suspension systems contain two main ingredients, a spring 
component and a damper component. The suspension’s main 
purpose is to filter out the axle excitation before these disturbances 
reach the chassis. There are a variety of different suspensions used 
on vehicles. However, some types of suspensions have grown more 
popular than others. In the truck /car industry the overwhelming 
majority are leaf springs. Leaf springs are less expensive, simpler 
and more reliable than any other common suspension. In addition 
they act as both spring and damper simultaneously, thus, reducing 
or eliminating the need for independent shock absorbers. Leaf 
springs are commonly used for wheel suspensions in vehicles in 
order to provide cushioning against uneven road surfaces.

B. Leaf Spring Model
A leaf is made up of laminated strips of curved steel. The chassis 
supports the two ends and middle of the leaf spring is connected 
to the axle. As the leaf spring is compressed, the steel leaves bend 
acting as springs, and the leaves slide across each other dissipating 
energy through coulomb friction. The mathematical leaf-spring 
model used in this study is the semi-analytic model based on the 
Euler beam theory.

Fig. 2: Semi-elliptical Leaf Spring

III. TYPES of Leaf Springs
There are four basic types of leaf spring systems:

A. Multi-Leaf Spring
This type of leaf spring has more than 1 leaf in its assembly. It 
consists of a center bolt that properly aligns the leaves and clips 
to resist its individual leaves from twisting and shifting.

B. Mono Leaf Spring
Consists of one main leaf where the material’s width and thickness 
are constant. Example - the leaf will be 2 1/2” wide throughout 
its length and .323” in thickness throughout its entire length. The 
spring rate is lighter than other styles of leaf springs and usually 
requires a device to control positive and negative torque loads as 
well as requiring coil springs to hold the chassis at ride height.

C. Parabolic Single Leaf
Consists of one main leaf with a tapered thickness. This style is 
sufficient to control axle torque and dampening, while maintaining 
ride height. The advantage of this style is that the spring is lighter 
than the multi-leaf.

D. Fiberglass Leaf Spring
The fiberglass leaf spring is made of a mixture of plastic fibers 
and resin; it is lighter than all other springs. However, the cost is 
three times greater. In addition, fiberglass springs are sensitive 
to heat.

IV. Introduction to Finite Element Method
The finite element method is a numerical procedure for analyzing 
structures and continua. Usually, the problem addressed is too 
complicated to be solved satisfactorily by classical analytical 
methods. The problem may concern stress analysis, heat 
conduction, or any of several other areas. The finite element 
procedure produces many simultaneous algebraic equations, 
which are generated and solved on a digital computer. Results 
are rarely exact. However, errors are decreased by processing more 
equations, and results accurate enough for engineering purposes 
are obtainable at reasonable cost.
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A finite element analysis typically involves the following steps. 
Steps 1, 4, and 5 require decisions by the analyst and provide input 
data for the computer program. Steps 2, 3, 6, and 7 are carried 
automatically by the computer program.

Divide the structure or continuum into finite elements. Mesh 1. 
generation programs, called preprocessors, help the user in 
doing this work.
Formulate the properties of each element. In stress analysis, 2. 
this means determining nodal loads associated with all element 
deformation states that are allowed. In Heat transfer, it means 
determining nodal heat fluxes associated with all element 
temperature fields that are allowed.
Assemble elements to obtain the finite element model of the 3. 
structure.
Apply the known loads: nodal forces and/or moments in stress 4. 
analysis. Nodal heat fluxes in heat transfer.
In stress analysis, specify how the structure is supported. 5. 
This step involves setting several nodal displacements to 
know values (which are often zero). In heat transfer, where 
typically certain temperatures are known impose all known 
values of nodal temperatures
Solve simultaneous linear algebraic equations to determine 6. 
nodal DOF (nodal displacements in stress analysis, nodal 
temperatures in heat transfer).
In stress analysis, calculate element strains from the nodal 7. 
DOF and element displacement field interpolation, and finally 
calculate stresses from strains. In heat transfer, calculate 
element, heat fluxes from the nodal temperatures and the 
element temperature field interpolation. Output interpretation 
programs, called postprocessors, help the user sort the output 
and display it in graphical form.

A. Introduction to Ansys
ANSYS is a large-scale multipurpose finite element program 
developed and maintained by ANSYS Inc. to analyze a wide 
spectrum of problems encountered in engineering mechanics.

1. Program Organization
At the Processor level, several processors are available. Each 
processor is a set of functions that perform a specific analysis 
task. For example, the general preprocessor (PREP7) is where 
you build the model, the solution processor (SOLUTION) is 
where you apply loads and obtain the solution, and the general 
postprocessor (POST1) is where you evaluate the results of a 
solution. An additional postprocessor, POST26, enables you 
to evaluate solution results at specific points in the model as a 
function of time.

2. Material Models
ANSYS allows several different material models like:

Linear elastic material models (isotropic, orthotropic, and • 
anisotropic).
Non-linear material models (hyper elastic, multilinear elastic, • 
inelastic and viscoelastic).
Heat transfer material models (isotropic and orthotropic)• 
Temperature dependent material properties.• 
Creep material models.• 

V. Problem Definition for the Leaf Springs
There is currently much interest in deformation analysis of multiple 
elastic-plastic bodies in contact. One such case is the design and 
analysis of the automobile leaf springs, In order to accurately 

model the deformations and vibrations of the leaf springs, nonlinear 
finite-element procedures are need to be employed, with the advent 
of development of the contact analysis, it is appropriate to apply the 
contact analysis technique in the analysis of the leaf springs. Thus 
the effect of the system with contact has to be studied. Methods 
for modeling the contact and friction between the leaves of the 
spring are to be developed.

A. The Conditions to be Achieved
Each leaf should be capable of holding both tensile and 1. 
compressive loads successively.
Stresses and deflection should be within the permissible 2. 
limits
Perfect contact pair should be formulated.3. 
Leafs should always be bonded to each other.4. 
Converges of the model should be achieved. .5. 
The effect of the dynamic load on the spring stiffness and the 6. 
effect of the structural damping on the response of the leaf 
spring are to be considered.

B. Solution Methods Adopted
Problem solution approach
In this work the standard design parameters of rear leaf spring of 
DODGE car manufacturers is considered. The basic understanding 
of the effect of leaf spring
geometric variables (i.e. width, thickness, and length of each leaf, 
and the total number of leaves) on the stress and stiffness is clearly 
understood. The following steps will explain the methods followed 
for analyzing the leaf spring.
STEP 1: First the collected data is validated with the standard 
mathematical calculation.
STEP 2: And then formulated the finite element model in the 
ANSYS.
STEP 3: Different modeling techniques are considered for analysis 
are presented.

Initial the leaf spring is modeled and performed the analysis 1. 
for different loads and compared stress and stiffness with the 
theoretical values.
Secondly the model is refined for different contact stiffness 2. 
values and performed the analysis for steel material, where 
a parametric study is performed by keeping the contact pairs 
and the comparison of the stresses variation at the different 
stages is closely monitored.
The variation for the deflection, stiffness and stress at different 3. 
loads and contact stiff nesses are plotted.

STEP 4: The same processes was continued with varying loads, 
contact stiffness and thicknesses for the composite material.
STEP 5: Finally it is observed that by using the composite material 
the leaf spring thickness can be reduced without effecting the 
permissible conditions.
STEP 6: Finding the weight reduction obtained by using the 
composite material for the leaf spring.
STEP 7: For maintaining the smooth riding the model analysis 
is carried for finding the natural frequency of both standard steel 
leaf spring and replaced composite material leaf spring.

C. Mathematical Analysis
This chapter involves the determination of bending stress by using 
mathematical formula. Determination of length of leaf spring 
leaves, consequently the rotation angle and the radius of curvatures 
of each leaf, these are used in geometric modeling.
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Length of leaf spring leaves. The Length of the leave spring leaves 
obtained as discussed below
Let
2L1 = length of span or overall length of the spring
L = Distance between centers of U-bolt. It is the ineffective length 
(E.L) of the leaf spring
Nf = Number of full length leaves,
Ng = Number of graduated leaves, and
N = Total number of leaves = Nf+Ng.
E.L = Effective length of the spring = 2L1-(2/3) L

Length of master leaf = 2 L1+2 Π (d + t)*2
Where
d = Inside diameter of eye
t = Thickness of leaf
Relation between Radius of curvature (R) and chamber (Y) of 
the spring is given by
Y(2R+Y) = L2

1

L1= Half span of spring

Consider the standard design data
By consider the following data for our analysis
geometric variable design implications
Leaf length 2L = 1320.8 mm
Number of leaves (n) Ng = 5
Nf = 2
Leaf thickness (t) T = 9.525mm
Leaf width (w) b = 63.5mm

Material data: - 50cr1 steel
Young modules = 2.1E5 N/mm2

Density = 7.86E-6 kg/mm2

Poison ration = 0.3
Expected load carried 2W = 6000N

Table 1: Dimensions of Each Leaf

Leaf data Full length 
(mm) 

Half length 
(mm) 

Half angle 
(Ǿ)

Full length leaf 1320.8 660.4 8.55
2nd gradient leaf 1320.8 660.4 8.53
3rd gradient leaf 1114 557 7.195
4th gradient leaf 907.2 453.6 5.748
5th gradient leaf 700.4 350.2 4.4045
6th gradient leaf 493.6 246.8 3
7th gradient leaf 286.8 142.4 1.8366

D. Problem Solution Approach
In this work the standard design parameters of rear leaf spring of 
“DODGE car” is taken. Table 1 lists the design implications that 
obtained from our parametric model:

Geometric Variable Design Implications
Leaf Length 2L = 1320.8mm
Number of Leaves (n) N = 7
Leaf Thick Ness (t) t = 9.525mm
Leaf Width (b) b = 63.5 mm

Standard materials: For the automobile, the recommended 
materials are: 50Cr 1, 50cr1V/23 and 55Si 2Mn 90, all used in 
hardened and tempered state to derive the high strength available 
for these materials. The physical properties of some of these 
materials are given in Table 2; all the values are for oil quenched 
condition and for single heat only

E. Validation of the Data
STAGE 1: - since the maximum load of 2W=6000N and Length 
of leaf 2L =1320.8 mm where the effective length = 660.4mm, 
and the width of leaf b= 63.5 mm and stress taken = 377.5 N/mm2 
and number of leaves (Ng=5, Nf=2) =7 from where the appropriate 
thickness and the deflection that the springs can withstand are to 
be found, thus from the standard mathematical formulation 
Stress ( ) = Equalized stress in the leaves
377.5 = 18P*L / (b*t2 (3nf+2ng))
Thus t2 = 87.348
t = 9.346 mm
Spring deflection = 12Pl3 /(b*t3 *E (3nf+2ng))
δ= 56.8223 mm
Standard sizes for automobile suspension springs.

Standard nominal thickness are 3.2,4.5,5,6,6,5,7,7.5,8,9,9.51. 
,10,11,12,14 and 16mm.
Standard nominal widths are 32,40,45,50,55,60,65,70,75,82. 
0,90,100 and 125mm.

Thus the thickness being selected is 9.525 mm,
The standard data of the rear suspension of the DODGE car maker 
is taken as model to analysis.

Table 2: Standard Data for Considered Model

Maker
Location
of the
spring

Width of
leaves(b)

Thickness 
of the 
leaves (t)

Length of
main leaf

Total no of 
leaves in 
the
assembly

DODGE Rear 2.5 in
(63.5mm)

3/4 in
(9.5 mm)

52 in
(1320.5mm)

7(ng-5, 
nf=2)

Thus now consider the following data
Thickness (t) = 9.525 mm
Width (b) = 63.5 mm
Length (effective length) = 660.4 mm
Then the design data is validated by comparing the stress values 
and the deflection values within the limits are not. And found that 
the stress, similar to above from the above mentioned mathematical 
calculations
Stress ( ) = Equalized stress in the leaves
= 18P*L / (b*t2 (3nf+2ng))
=18*3000*660.4 / (63.5*9.5252 (3*2+2*5))
σ= 363.447 N/mm2

Spring deflection = 12Pl3 / (b*t3 *E (3nf+2ng))
δ= 51.955 mm

F. Static Analysis of Steel Leaf Spring

1. Elements Taken for Modeling Leaf Spring
Since the leaf spring is of symmetric section only half section 
is taken into consideration. The symmetric model leaf spring is 
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modeled in ANSYS by using Cartesian coordinates system. Since 
leaf spring was modeled as a solid, for 50cr1 steel material leaf 
spring modeling solid element named SOLID45 is taken. It is the 
element which is having a higher order 3-D, 8-node element.
The element is defined by 8 nodes having three degrees of freedom 
at each node: Translations in the nodal x, y and z directions. The 
element has plasticity, creep, swelling, stress stiffening, large 
deflection and large strain capabilities.

2. Performing the Contact Analysis
Contact problems are highly nonlinear and require significant 
computer resources to solve. It is important to understand the 
physics of the problem and take the time to setup the model to run 
as efficiently as possible. Contact problems present two significant 
difficulties.

In generally the regions of contact between the bodies cannot 1. 
be predicted until we run the problem. Depending on the loads, 
material, boundary conditions and other factors, surfaces can 
come into and go out of contact with each other in a largely 
unpredictable and abrupt manner.
Most contact problems need to account for friction. There 2. 
are several friction laws and models to choose from and all 
are nonlinear. Frictional response can be chaotic, making 
solution convergence difficult.

G. Basic Step For Analysis
The basic steps for performing a typical contact analysis are:-

Create the model geometry and mesh.1. 
Identify the contact pairs.2. 
Designate contact and target surfaces.3. 
Define the target surface.4. 
Define the contact surface.5. 
Set the element key options and real constants.6. 
Define/control the motion of the target surface.7. 
Apply necessary boundary conditions.8. 
Define solution options and load steps.9. 
Solve the contact problem.10. 
Review the results11. 

H. Geometric Model of the Leaf Spring
The ultimate purpose of a finite element analysis is to re-create 
mathematicallythe behavior of an actual engineering system. 
In other words, the analysis must be an accurate mathematical 
model of a physical prototype. In the broadest sense, this model 
comprises all the nodes, elements, material properties, real 
constants, boundary conditions and other features that are used 
to represent the physical system.

I. Modeling Procedure For Steel Leaf Spring
First create the key point 100 at the origin, i.e. x, y, z 1. 
=(0,0,0)
Create the another key point 200 at some arbitrary distance 2. 
in Z- direction, say x, y, z=(0,0,200)
Join the above two key points to 100 and 200 to get the 3. 
reference axis.
By using data from the mathematical analysis create a key 4. 
point 1 with a distance of radius of curvature R1 in vertically 
down-ward distance i.e. x, y, z = (0, -R1, 0).
Note R1 = 4425.78 and R2 = R1+thickness (t=9.525)5. 
Similarly construct the remaining key points 2,3, 4 6. 
corresponding to R2, R3, R4 so on
Now join the key points sequentially as 1 &2, 2&3. …till 7. 

the last pair
Extrude the above lines with respect to the reference axis 8. 
stated in step 3.
i.e. extrude line 1 with angle (Ø1=8.58) which gives area 9. 
A1.
Extrude line 2 with angle (Ø1=8.53), which gives area A2.10. 
Repeat the process till all the leaves are formed.11. 
And finally extrude the area to the width 63.5mm along y-axis 12. 
to form 3-d solid leaf springs. As shown in Fig.

Fig. 3: Leaf Spring Model in ANSYS

13. The obtained volumes are meshed for defining the nodal 
solutions.

To perform the contact analysis we first need to develop the 
appropriate geometric model that is capable of accomplishing 
the contact pairs between them, Thus SOLID45 is considered for 
our 3-D modeling of leaf spring structures, the geometric data for 
the modeling is obtained from the Table 2 and all other properties 
remains same to that of the above case, the next important case 
is the identification of the contact surfaces as source and target 
surface. So according to the defined conditions we had considered 
TARGE169, CONTA175 as the perfect contact pair for our 
analysis. Improper selection of the contact pairs may lead to 
solution convergence difficult thus the selection of the contact 
pair is shown in fig. 4.

Fig. 4: Selection of Contact Pairs (Top Source CONTA175 and 
Bottom as target TARGE169)

J. Determining Contact Stiffness
All contact problems require stiffness between the two contact 
surfaces. Theamount of penetration between the two surfaces 
depends on this stiffness. Higher stiffness values decrease the 
amount of penetration but can lead to ill-conditioning of the global 
stiffness matrix and to convergence difficulties. Ideally, we want a 
high enough stiffness that contact penetration is acceptably small, 
but a low enough stiffness that the problem will be well-behaved 
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in terms of convergence or matrix ill-conditioning. To arrive at a 
good stiffness value, we need to try the following procedure as 
a “trial run.”

Use a low value to start. In general, it’s better to underestimate 1. 
this value rather than overestimate it. Penetration problems 
resulting from a low stiffness are easier to fix than convergence 
difficulties that arise from a high stiffness.
Run the analysis up to a fraction of the final load (just enough 2. 
to get the contact fully established).
Check the penetration and the number of equilibrium iterations 3. 
used in each substep. If the global convergence difficulty is 
caused by too much penetration FKN may be underestimated 
or FTOLN may be too small. If the global convergence requires 
many equilibrium iterations for achieving convergence 
tolerances of residual forces and displacement increments 
rather than penetration, FKN may be overestimated.
Adjust FKN or FTOLN as necessary and run the full 4. 
analysis.

The normal and tangential contact stiffness can be updated during 
the course of an analysis .Thus finally we end up with the following 
key options which well suits our analysis condition is tabulated 
in fig 3. Now the contact pairs are obtains one by one between 
all the layers are shown in fig. 5

Fig. 5: Contact Pairs Between Different Leafs

Now after formulating the appropriate contact pairs the nest stage 
is Applynecessary boundary conditions, and the loads which is 
shown

Fig. 6: Boundary Conditions and Loading

K. Modeling Procedure For Composite Leaf Spring
Various kinds of composite leaf spring have been developed. In the 
case of multileafcomposite leaf spring, the interleaf spring friction 
plays a spoil spot in damage tolerance. It has to be studied carefully. 
The following cross-sections of leaf spring for manufacturing 

easiness are considered.
Constant thickness, constant width design1. 
Constant thickness, varying width design2. 
Varying thickness, constant width design.3. 

In the present work, only a leaf spring with varying thickness, 
constant width design is analyzed. The composite leaf spring is 
modeled by following steps:

First the coordinate system is changed to global cylindrical 1. 
coordinate system since the leafs are in a curved shape.
By using the some geometric data key points are created in 2. 
cylindrical coordinate system.
For this a solid element LAYERED191 is taken which will 3. 
form layers for placing the fibers.
For giving the fiber direction a real constant set for layered191 4. 
is assigned with 900 which will place the fibers along the 
leaf length direction.
For rotating the fibers in the leaf arc direction a new coordinate 5. 
system for fiber is created which includes a new local 
coordinate system for fibers.
Each leaf is meshed with 10 layers which the fibers are kept 6. 
in the leaf length direction.
Such that each layer is arranged with thickness of 7. 
0.9525mm.
And remaining process like contact pair, constrains, loading 8. 
are followed the same as steel leaf spring.

The analysis part is carried out on three stages which will give 
a clear idea about the suspension system of the automobile 
industry.
Stage 1:- First to validate the design parameters the load applied 
on the leaf spring is varied. At different loads the response of the 
leaf spring is checked with the theoretical calculations.
Stage 2:-  Secondly by varying the normal penalty stiffness (FKN) 
value the response of the steel leaf spring is analyzed.
Stage 3:- The same variation are carried for the composite leaf 
springs and a comparatively checked the stability for the stresses 
and deflections with respective to the steel design parameters.

Finally to replace the steel leaf spring with the composite material 
a model which will withstand the loads, stresses and deflections 
produced at the actual working situation.

Fig. 7: Static Result for 50cr1 Steel at 9.525mm Leaf Thickness
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Fig. 8: Static Analysis of E- Glass/Epoxy at 8mm leaf thickness

L. Model Analysis of Composite Leaf Spring
1. In the preprocessor, 

Element type selected was SOLID45.• 
Material properties selected in material model were structural • 
– linear –elastic.
Material models – structural – density, enter density.• 
In the mesh section the volume was meshed with solid45 3-d • 
8-node solid elements.

2. In the solution section, the loads were defined as follows:
Constraints on displacements were given.• 
Analysis type – new analysis, select modal analysis.• 
Under analysis options, Block Lancozs and enter number • 
of modes to extract as 5 and start frequency as 1 and end 
frequency as 10.
Solution – solve – current LS.• 

3. In general postprocessor, we go to read results and then we get 
different mode shapes
by entering, first set
4. Utility menu> plot controls> animate> mode shape.

VI. Results and Discussions
The finite element model is generated in the ANSYS 12 software 
and the stresses, deflections, and the contact effect are obtained. 
The results are taken for both the conventionalmaterial (50cr1 steel) 
and composite material (E-Glass/Epoxy) of the leaf spring. The 
effect of the steel and E-Glass/Epoxy are taken into consideration. 
The static and model analyses are mainly considered for analysis 
the leaf spring. This will clearly explain the working efficiency 
of the leaf spring.
In this work the analysis is carried out by three variations as 
follows.
Case 1: The variation of load applied on the leaf spring.
Case 2: The variation of normal penalty stiffness (FKN).
Case 3: The variation of the thickness of the leaf springs.
Case 4: Performing the model analysis.

A. Case 1:- The Verition Of The Load
In this case by varying the load applied on the leaf spring there 
is more response indef1lection, stresses, and contact effect. The 
following responses are plotted below.

Fig. 9: Variation of δmaxwith Respective to W Variation

In this fig. 9 it is observed that when varying load the maximum 
deflection of the leaf spring for the steel material and the composite 
material are compared. Since the steel material having less 
young’s modules than the E-Glass/Epoxy material it shows more 
deflection.

Fig. 10: Variation of σmaxwith Respective to W Variation

In the fig. 10 the maximum stresses developed in the leaf spring at 
different loads are compared for the steel material and composite 
material. Here it is observed that the steel material is having higher 
stress than the composite material.

Fig. 11: Variation of K with Respective to W Variation

In the above graphs fig. 11 it can clearly observe that the stiffness 
of the steel leaf spring and composite leaf spring are compared, 
the composite material is having more stiffness based on their 
material properties like young’s module, poisons ratio etc.

Fig. 12: Variation of Penetration with respective to W variation
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In the fig. 12 since the leaf springs are in surface to surface contact 
there will be a large scope of penetration between the leafs. The 
penetration between the leafs for the steel material and composite 
material is compared. The steel material is having more penetration 
this is based on the applied load and material propertied. This is 
mainly based of the contact type between the bodies.

Fig. 13: Variation of Stotwith Respective to W Variation

In the fig. 13 the contact stress for the steel and composite material 
is plotted. It is observed that the stress produced in between the 
contact surface of the leafs are gradually increasing by varying 
the load applied on it. It states that the load is effecting the contact 
status between the surfaces.

Fig. 14: Variation of Slid Distance With Respective to W 
Variation.

From the fig. 14 it is observed that by varying the load applied on 
the leaf spring the contact sliding between the leafs is gradually 
increasing for both steel and composite material . If the sliding 
distance is more that means the load is effecting the body to deflect 
more. This will offer more stress in the body.

B. Case 2:- The Verition of the Contact Stiffness
The contact stiffness (or normal penalty stiffness) is the most 
important parameter affecting both accuracy and convergence 
behaviour of the contact nonlinear problems. For determine 
contact stiffness value for the problem more considerations like 
type of contact pair, friction coefficient, sliding distance etc are 
should be specified carefully. The responses of the leaf spring like 
deflections, stresses and contact parameters are plotted below.

Fig. 15: Variation of δmaxwith Respective to FKN Variation for 
Steel

Fig. 16: Variation of δmaxwith Respective to FKN Variation for 
Composite.

In fig. 16 it is observed that the maximum deflection for the steel 
material is decreasing with a minute variation up to certain limit. 
This states that contact stiffness is effecting the max deflection of 
the leaf spring up to certain limit and getting constant.
The fig. 17 explains the same response for the maximum deflection 
for the composite material is decreasing with a little variation up 
to certain limit. This states that contact stiffness is effecting the 
max deflection of the leaf spring up to certain limit and getting 
constant.

Fig. 17: Variation of σmaxwith Respective to FKN Variation for 
Steel.

Fig. 18: Variation of σmaxwith Respective to FKN Variation for 
Composite

From the fig. 17 it is observed that the maximum stress developed 
in the steel leaf spring gradually increased for certain limit but 
after certain increment of contact stiffness value the stress is being 
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constant. This state that the contact stiffness is not much affecting 
the leaf springs upto certain limit.
In this Fig. 18 the some behavior is observed for the composite 
material of leaf spring here it is having a slit decrement is observed. 
Since it is having high body stiffness so it is being dominating 
the contact stiffness developed by the contact stiffness maintained 
between the leafs.

Fig. 19: Variation of k With Respective to FKN Variation for 
Steel

Fig. 20: Variation of k With Respective to FKN Variation for 
Composite

In the above graphs fig. 19 it can clearly observe that the stiffness 
of the steel leaf spring by varying the contact stiffness value, 
the steel leaf is having a slit increment in its body stiffness upto 
certain limit.

From the above graph fig. 20 it can clearly observe that the stiffness 
of the composite material is also being gradually increasing up 
to certain limit and after certain value of the contact stiffness the 
stiffness of the body is being constant. This state that the FKN 
value will effect the total stiffness of the composite leaf spring.

Fig. 21: Variation of Penetration  With Respective to FKN Variation 
for Both Steel And Composite.

In this graph (Fig. 21) the variation for the penetration of the both 
steel and composite leaf springs are plotted. This graphs state 
that the penetration distance for steel leaf spring and composite 
leaf spring having a little variation. The steel material is having 
high penetration distance than composite material this is due to 
the material property. Since the composite material is having the 
high young’s module.

Fig. 22: Variation of Stotwith Respective to FKN Variation for 
Steel

Fig. 23: Variation of Stresswith Respective to FKN Variation for 
Composite.

In this Fig 22 the variation of contact stress of the steel leaf spring 
is plotted. The value of the penetration is gradually increased while 
changing the contact stress value.
In the graph Fig. 23 the same response is observed for the composite 
leaf spring. Here the contact stress value is gradually increasing 
while changing the contact stiffness value.

Fig. 24: Variation of Sliding Distance With Respective to FKN 
Variation for Both Steel and Composite.
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In the fig. 24 by varying the normal penalty stiffness value the 
contact sliding distance is having a large variation for both steel 
and composite leaf spring. From the graph the composite material 
is having less sliding distance rather than the steel material for the 
leaf springs. This state that the composite having a high resistance 
for deflection.

C. Case 3:- The Verition of the Leaf Thickness
In this case the main point is by varying the thickness of the 
composite leaf spring a correct replacement for the actual steel 
leaf spring is to be found. For that the variation of thickness for the 
composite leaf spring is carried out. Here the main consideration 
is to withstand the load applied on it, to maintain the considerable 
deflection, stresses stiffness and contact behavior. These all 
parameters are compared with the standard 9.525mm thick 50cr1 
steel material leaf spring.

Table 3: Variation of Thickness for Composite Material Leaf 
Springs
leaf
thick-
ness

Max.
deflection σx σy σz

Von. 
mises
stresses

stiffness

6 98.238 654.52 73.78 190.23 639.75 03.532
6.5 81.145 465.9 75.28 168.32 462.82 36.970
7 66.09 399.81 68.64 111.64 380.86 45.392
7.5 58.406 375.01 51.93 103.97 357.49 51.36
8 46.382 316.45 316.45 87.801 370.129 64.69
8.5 37.741 266.79 40.37 85.98 264.174 732.24
9 31.698 248.76 38.98. 72.45 43 247 910.43
9.5 27.215 230.9 35.065 66.91 217.98 1237.11

From the above table by increasing the leaf thickness the maximum 
deflection has been gradually showing a decreasing manner in 
the similar way the stresses produced in the leaf are also having 
a decrement order. But our aim is to find the correct alternative 
composite leaf spring. On comparing the deflection, stresses and 
stiffness of the composite leaf spring at different thickness with 
the standard 50cr1 steel leaf spring the correct alternative is found. 
That is of 8mm thick composite leaf spring. Here the composite 
leaf spring is having higher stiffness than the steel leaf spring. 
The following table will clearly explain the difference of their 
deflection, stress and stiffness.

Table 4: Comparison of Steel and Composite Leaf Springs.
Steel Composite % Reduced

leaf thickness 9.525 8 16.01
Max. 
deflection 53.839 46.382 13.850

σx 452.76 316.45 34.147

σy 68.754 316.45 34.147

σz 120.21 87.801 26.960
Von mises 
stresses 43078 370.129 29.98

Stiffness 56.3115 64.69 12.951

Here from the table the deflection for composite leaf spring has be 
reduced to 13.850% , and the stresses along x-axis is 30.71%, along 
y-axis is 34.147%, along z-axis is 26.960% has been reduced. 
On considering the maximum stresses it is reduced upto 29.98% 

than the steel leaf spring. This state that 8mm composite leaf 
spring is having more barring capacity than the 9.525mm steel 
leaf spring.

D. Model Analysis of Leaf Spring
The natural frequency of the 50cr1 steel material leaf spring 
and composite material leaf springs are carried out. The natural 
frequencies obtained for both leaf springs are noted below.

Table 5:

Mode 9.525mm thick Steel leaf 
spring frequencies (Hz)

8mm thick Composite
leaf spring frequencies(Hz)

1 3.7999 18.547
2 3.9924 18.791
3 4.0868 21.543
4 5.3362 27.423
5 8.0172 32.091

From the above data it is absorbed that, since the composite material 
is having high stiffness it is exhibiting a high frequency. To provide 
ride comfort to passenger, leaf spring has to be designed in such 
a way that its natural frequency is maintained to avoid resonant 
condition with respect t road frequency. The road irregularities 
usually have the maximum frequency of 12Hz. Therefore the leaf 
should be designed to have a natural frequency, which is away 
from 12Hz to avoid the resonance. The first natural frequency 
of the composite material is of 18.547Hz. This is having 79 % 
greater than the steel leaf spring frequency. And the first natural 
frequency of the composite leaf spring is nearly 1.7 times greater 
than the maximum road frequency and therefore resonance will 
not occur, and it provides improved ride comfort.

E. Comparison of Leaf Spring Masses
The automotive industry is exploring composite material 
technology for structural components construction in order to 
obtain the reduction of weight without decrease in vehicle quality 
and reliability. Actually, there is almost a direct proportionality 
between the weight of the vehicle and its fuel consumption, 
particularly in city driving. From the above considerationof the 
composite leaf spring the weight was reduced. Here the 50cr1 
steel leaf spring has 29.19kg and the composite leaf spring has 
8.11 kg. There for the weight is having 69.34% reduction has 
been achieved.

Table 6: Mass of Leaf Spring
Material Density(Kg/mm3) Mass(Kg)
Steel 7.8e-6 29.191
Composite 2.6e-6 8.654

% of weight reduced 69.48

VII. Conclusion
It was observed that comparing the load carrying capacity, stress, 
contact stiffness, & weight savings of the composite leaf spring 
with that of steel leaf spring is performed, and the results are 
taken for both the conventional material (50Crl steel) & composite 
material (E-Glass/Epoxy) of the leaf spring.
By analyzing the design, it was found that all the stresses in the 
composite leaf spring were well within the allowable limits & 
longitudinal orientations of E-Glass/Epoxy in the laminate offered 
good strength to the leaf spring.
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From this analysis it was found that the composite leaf spring had 
29.981% lesser stress, 12.951% of higher stiffness than that of 
the steel leaf spring. The obtained results for varying thickness 
of composite leaf spring compared to the steel leaf springs are 
satisfactory. Due to the thickness variation the weight reduced 
of 69.48% was achieved. It was found that the obtained natural 
frequency of 8mm thick composite leaf spring is away from 
the road irregularity usually have maximum frequency(12Hz) 
therefore resonance will not occurs and it provides improved ride 
comfort.
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