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Abstract—The main use of Leaf springs is in suspension
system to absorb shock loads in automobiles like light motor
vehicles, heavy duty trucks and in rail systems. It carries
lateral loads, brake torque, driving torque in addition to
shock absorbing. The advantage of leaf spring over helical
spring is that the ends of the spring may be guided along a
definite path as it deflects to act as a structural member in
addition to energy absorbing device. The suspension leaf
spring is one of the potential items for weight reduction in
automobiles unsprang weight. The main aim of our project is
to study and analysis the leaf spring of Bolero Vehicle which
is made up of Steel and epoxy material. The 3 D model of leaf
spring was drawn with the help of CATIA software. The
experimental testing was carried using FFT Analyzer. The
analysis was carried out with the help of ANSYS software.
The comparative analysis was carried out between the
Analytical and experimental results. After making the
comparative analysis result and conclusion was drawn.

Keywords— Leaf Spring, Steel, Epoxy, ANSYS, FFT
Analyzer

|. INTRODUCTION

A leaf spring is a simple form of spring commonly used for
the suspension in wheeled vehicles.  Originally  called
a laminated or carriage spring, and sometimes referred to
as a semi-elliptical spring or cart spring,[21] it is one of the
oldest forms of springing, appearing on carriages in
England after 1750 and from there migrating to France and
Germany/[3].

A leaf spring takes the form of a slender arc-shaped length
of spring steel of rectangular cross-section. In the most
common configuration, the Centre of the arc provides
location for the axle, while loops formed at either end
provide for attaching to the vehicle chassis. For very heavy
vehicles, a leaf spring can be made from several leaves
stacked on top of each other in several layers, often with
progressively shorter leaves.[19] Leaf springs can serve
locating and to some extent damping as well as springing
functions. While the interleaf friction provides a damping
action, it is not well controlled and results in stiction in the
motion of the suspension. For this reason, some
manufacturers have used mono-leaf springs.[2]

1. LITERATURE REVIEW

Ehab Samir Mohamed Mohamed Soliman [1] In this
paper steel leaf spring is analyzed at maximum load using
finite element analysis (FEA) ANSYS v16 software. Carbon
fiber epoxy resin was used for manufacturing of composite
leaf spring. Paper shows static, modal, Harmonic analysis

was carried out using FEA. Weight reduction obtains 79%
over conventional steel leaf spring.

Hemant Rajendra Nehete [2] In this paper they reduce
the effect of vibration and to reduce the repulsive effect of
damper using composite leaf spring. ANSYS software used
for Finite Element Analysis for vibration analysis.

S. S. Chavan [3] In this paper E- glass Fibre/Epoxy
Material is used for mono composite leaf spring. Statistical
calculations and FEA analysis is done. Paper shows that
77% weight reduction in mono composite leaf spring as
compare to steel leaf spring.

Amare Gebremeskel [4] In this project E-glass/Epoxy leaf
spring is designed and simulated following the design rules
of the composite materials considering static loading only.
Constant cross sectional area is consider for design
parameters.. The designed composite leaf spring has also
achieved its acceptable fatigue life. This particular design is
made specifically for light weight three-wheeler vehicles.
Hand layup technique is used for manufacturing process.

S. N. Bansode[5] E-Glass Epoxy and Carbon Epoxy is used
in this work. This present work the estimate and compare
the deflection, bending stress induced in the leaf spring by
these materials. The leaf spring, which is used for
analysing, is a mono leaf spring of Light passenger vehicle.
A model of such leaf spring has been designed from actual
steel leaf spring and analysed using ANSYS in this paper.
They have done Theoretical calculations and Testing for
validation of results.

Sriram Kumar[6] This paper shows design and
experimental analysis of composite leaf spring made of
glass fibre reinforced polymer. Paper shows that
comparison of load carrying capacity, stiffness and weight
savings of composite leaf spring and steel leaf spring.

N. Ramesh[7] Paper shows that design and fabrication of
complete mono composite leaf spring. In this paper A
single leaf with variable thickness and variable width for
constant cross-sectional area of different composite
materials, with similar mechanical and geometrical
properties to the multi leaf spring, were modelled and
analysed. FEM is used for design constraints were stresses
and displacement. They have achieved weight reduction by
78% in mono composite leaf spring.
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III. OBJECTIVES

e To determine strength of steel leaf spring and
epoxy leaf spring using FEM.

e To calculate Natural bending Frequency and mode
shape of the mono leaf spring.

e To carry out finite element analysis and
experimental Investigation of mono leaf spring

e To validation of experimental and FEA results.

IV.METHODOLOGY

* Step 1: - I started the work of this project with
literature survey. I gathered many research papers
which are relevant to this topic. After going
through these papers, I learnt about composite
mono Leaf Spring.

* Step 2: - After that the components which are
required for my project will be decided.

* Step 3: - After deciding the components, the 3 D
Model and drafting will be done with the help of
CATIA software.

*  Step 4: - The components will be manufactured.

* Step 5:-The calculations of Leaf spring will be
carried out.

*  Step 6:- The Analysis will be carried out with the
help of ANSYS software.

* Step 7:-The comparative analysis will be done
between experimental observations and analysis
and the result and conclusion will be drawn.

V. DESIGN CALCULATIONS

Weight of Vehicle = 1615 Kg

Maximum Load Carrying Capacity = 535 Kg

Total Weight =1615 + 535 = 2150 Kg

Taking F.S. = 2 & Acceleration due to gravity = g = 10 m/s2
Total Weight = W = 2150*2*10 = 43000N

Since the vehicle is 4-wheeler a single leaf spring
corresponding to one of the wheels takes up &h of the
total weight.

F=43000/4=10750N
Measured data of the four-wheeler vehicle:

Leaf Span of the Load free Curved leaf spring (L) =
1016mm

Straight Length of Leaf Spring (L) = 1040mm

£ -0.089,C=90.424mm

L

Where, C = Camber Length

L2
L/2 =520mm, F=10,750N, h =?b =? [2]
We Know that,
For Cantilever Beam [11]

. WxL
Maximum Stress = 5

_ FxL
Ty

_ FxLxY
T

_ FxLxh
~ 2%b*h3/12

W=xL3
3*Ex*]

Maximum Deflection =

_ FxL3
"~ 3xExbxh3/12

S MAX = il e (2)
Exb*h3

For Torsional Moment, as both ends are hinged the
effective length will be considered as L =2/3 Le

By solving Equation 1 & 2 we get,

h= 2/3 4 0 Mmax+L2 *3/2

E+®max

_ omaxx*L2

E+Smax

o max = 473MPa,  max = 105mm
h =23mm

From equation 1 we get,

_ 6xFxL/2

~ o maxxh2

b =134mm

Bending Stress Calculations (ob):
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Where, M = Bending Moment
Y=h/2

I = Moment of Inertia

M=% - 5590 Nm

3 =

_ bxh3
12

I =1.36*10-7 m4

Y=h/2=23/2=11.5mm=11.5*10-3m

By putting all the values in equation of bending stress we
get,

ob =472.68*10° N/m?2
VI. DESIGN

Computer-aided design (CAD) is the use of computer
systems (or workstations) to aid in the creation,
modification, analysis, or optimization of a design. CAD
software is used to increase the productivity of the
designer, improve the quality of design, improve
communications through documentation, and to create a
database for manufacturing. CAD output is often in the
form of electronic files for print, machining, or other
manufacturing operations. The term CADD (for Computer
Aided Design and Drafting) is also used. [5]

Its use in designing electronic systems is known
as electronic design automation (EDA). In mechanical
design it is known as mechanical design

automation (MDA) or computer-aided drafting (CAD),
which includes the process of creating a technical
drawing with the use of computer software. [10]

CAD software for mechanical design uses either vector-
based graphics to depict the objects of traditional drafting,
or may also produce raster graphics showing the overall
appearance of designed objects. However, it involves more
than just shapes. As in the
manual drafting of technical and engineering drawings, the
output of CAD must convey information, such
as materials, processes, dimensions, and tolerances,
according to application-specific conventions.[12]

(raweyy

Fig. no.1 CATIA model
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VII. ANSYS

The finite  element method (FEM), is anumerical
method for solving problems of engineering
and mathematical physics. Typical problem areas of
interest include structural analysis, heat transfer, fluid
flow, mass transport, and electromagnetic potential.[12].
The analytical solution of these problems generally require
the solution toboundary value problems for partial
differential equations. The finite element method
formulation of the problem results in a system of algebraic
equations. The method yields approximate values of the
unknowns at discrete number of points over the
domain.[16] To solve the problem, it subdivides a large
problem into smaller, simpler parts that are called finite
elements. The simple equations that model these finite
elements are then assembled into a larger system of
equations that models the entire problem. FEM then
uses variation methods from the calculus of variations to
approximate a solution by minimizing an associated error
function [18]

Studying or analyzing a phenomenon with FEM is often
referred to as finite element analysis (FEA).

(7Y IS8T Pa

ziE elwiule

| 780 Pa

|
=
Table no.2 Material Properties of Epoxy
VIII. MESH
ANSYS Meshing is a general-purpose, intelligent,

automated high-performance product. It produces the
most appropriate mesh for accurate, efficient Metaphysics
solutions. A mesh well suited for a specific analysis can be
generated with a single mouse click for all parts in a model.
Full controls over the options used to generate the mesh
are available for the expert user who wants to fine-tune it.
The power of parallel processing is automatically used to
reduce the time you have to wait for mesh generation.
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Fig. no.5 Boundary condition of epoxy leaf spring

Modes 26703

—m—— o Total Deformation

The total deformation & directional deformation are
Fig. no.4 Meshing of steel leaf spring general terms in finite element methods irrespective of
software being used. Directional deformation can be put as
the displacement of the system in a particular axis or user
defined direction.
Total deformation is the vectors sum all directional
displacements of the systems.
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Fig. no.3 Meshing of epoxy leaf spring sam

IX. Boundary Condition Fig. no.6 Total deformation of steel leaf spring

A boundary condition for the model is the setting of a Ciaranss

known value for a displacement or an associated load. For o O

a particular node you can set either the load or the Ul s

displacement but not both. Cirlom Obickri
Mg

The main types of loading available in FEA include force, 18

pressure and temperature. These can be applied to points,
surfaces, edges, nodes and elements or remotely offset
from a feature.

B torce: 050N

W fead Sppont Fig. no.7 Total deformation of epoxy leaf spring

Equivalent Stress

Equivalent stress is related to the principal stresses by the

equation:

Fig. no.4 boundary condition of steel leaf spring

a [51_52]2+(52_‘73]2+(53_01]2 2

Op= 5

Equivalent stress (also called von Mises stress) is often
used in design work because it allows any arbitrary three-
dimensional stress state to be represented as a single
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positive stress value. Equivalent stress is part of the g :
maximum equivalent stress failure theory used to predict AN
yielding in a ductile material. [19] i it
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Fig. no.11 Natural frequency of steel leaf spring at mode 2
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Fig. no.8 Equivalent stress of steel leaf spring
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Fig. no.9 Equivalent stress of Epoxy leaf spring Fig. no.12 Natural frequency of steel leaf spring at mode 3
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Fig. no.10 Natural frequency of steel leaf spring at mode 1
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Fig. no.14 Natural frequency of steel leaf spring at mode 5 Fig. n0.17 Natural frequency of epoxy leaf spring at mode 3
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Fig. no.15 Natural frequency of epoxy leaf spring at mode 1 Fig. no. 18 Natural frequency of epoxy leaf spring at mode
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Fig. no.16 Natural frequency of epoxy leaf spring at mode 2 Fig. n0.19 Natural frequency of epoxy leaf spring at mode 5
EXPERIMENTAL RESULTS
X. FFT analysis

FFT is one main property in any sequence being used in
general. To find this property of FFT for any given
sequence, many transforms are being used. The major
issues to be noticed in finding this property are the time
and memory management. Two different algorithms are
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written for calculating FFT and Autocorrelation of any
given sequence. Comparison is done between the two
algorithms with respect to the memory and time
managements and the better one is pointed. Comparison is
between the two algorithms written, considering the time
and memory as the only main constraints. Time taken by
the two transforms in finding the fundamental frequency is
taken. At the same time the memory consumed while using
the two algorithms is also checked. Based on these aspects
it is decided which algorithm is to be used for better
results.

XI. DEWE-43 Universal Data Acquisition Instrument

When connected to the high speed USB 2.0 interface of any
computer the DEWE-43 becomes a powerful measurement
instrument for analog, digital, counter and CAN-bus data
capture. Eight simultaneous analog inputs sample data at
up to 204.8 kS/s and in combination with DEWETRON
Modular Smart Interface modules ( MSI ) a wide range of
sensors are supported Voltage Acceleration Pressure Force
Temperature Sound Position RPM Torque Frequency
Velocity And more The included DEWE Soft application
software adds powerful measurement and analysis
capability, turning the DEWE-43 into a dedicated recorder,
scope or FFT analyzer.

First accelerometer is attached to the Epoxy Leaf Spring
specimen. After that we are applying Impact hammer to
Epoxy Leaf Spring for validation of natural frequencies.

Fig. no.21 Experimental setup of FFT

XII. FEA Result

Total Equivalent
deformation stress ( MPa)
(mm)
Steel Leaf | 4.070 430.66
Spring
Epoxy Leaf | 1.138 48.977
Spring
Mode vs Frequency
00
800 —
= 700
= 600
g 500
g 400 +
] 300 —
lg 200 f

100
0

1 2 4 5
—4—Matural frequency of
Steelleafspring | 15489 | 20176 | 24451 | 44143 | 44611
Natural frequency of
EpoyLeaf Spring | 29022 | 41272 | 43238 | 66BT4 | 026
Graph 1
XIII. FEA and FFT Comparative Result
Natural Natural
frequency of | frequency of
Epoxy Leaf | Epoxy Leaf
Spring Spring
MODE NO (FEA) (Test)
1 296.22 273.43
2 412.72 410.15
3 492.39 468.75
4 668.74 625
5 802.6 820.31
FEA'VS FFT RESULTS
1000
800
600
400
200
0
0 1 2 3 4 5 6

—@—FEA FREQ —@—TEST FREQ

Graph 2
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XIV. CONCLUSIONS:

1. From the analysis results, we can conclude that
the strength of the epoxy leaf spring is more than
that of the steel leaf spring.

2. The modal analysis of steel and epoxy leaf spring
is carried out.

3. From FEA result it conclude that total deformation
of Epoxy Leaf Spring is less than Steel Leaf Spring
thatis 1.138 mm.

4. Natural Frequencies of epoxy leaf spring from FEA
and FFT analyzer are in good relationship.

5. Stiffness of epoxy leaf spring is maximum than
Steel Leaf Spring.
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