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ABSTRACT:In today’s scenario, the main weightage of investigation is to reduce the weight of product while
upholding its strength. To solve problem in this regard composite materials play an important role. In this paper
decreasing the weight of light vehicle is considered. The foremost component of the suspension system of vehicle is
leaf spring, it has substantial amount of weight, and it is necessary itwould have ample strength because it needs to
resist vibrations and jolts during its working. The prominence of the paper is to reduce the overall weight of suspension
system and improve load carrying capacity of the leaf spring by using the composite material. The design
considerations for this study are stress and deflection. The work also gives focus on the application of FEA concept to
compare two materials for leaf spring and propose the one having higher strength to weight ratio. Two materials used
for comparison are; conventional steel and composite E-Glass/Epoxy. In the present work deflection and bending
stresses induced in the two leaf springs are compared The solid modelling of leaf spring is done in CATIA V5 and
analysed using ANSYS 14.5.
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I. INTRODUCTION

Suspension system of any vehicles contains leaf spring to absorb jolts. The vehicles must have a good suspension
system that can deliver a good ride and goodhuman comfort. It is observed that the failure of steel leaf springs is
usually catastrophic. [1]According to studies made for leaf spring the material with maximum strength and minimum
modulus of elasticity in the longitudinal direction is the most suitable material. [2,6] In order to reduce the accidents,
arising out of such failures conventional steel leaf spring can be replaced with gradually failing composite leaf springs.
By doing this, the weight of the vehicle may also be reduced while maintaining the strength of the leaf spring.

A composite material is nothing but permutation of two materials that produce an effect so that the combination
produces combined properties that are different from any of those of its constituents. This is done purposefully in
today’s scenario to achieve different design, manufacturing as well as service advantages of product. In this paper leaf
spring is representative of those products, for which automobile manufacturers are working to get best composite
material that meets the current requirement of strength and weight reduction in one, to replace the existing steel leaf

spring. [1]

The objective of the paper is to design leaf springs for deflection and bending stress made of steel and composite
materials. The vehicle considered is four-wheeled light vehicle. Solid Modelling of leaf spring is done in CATIA
V5R20 and analysis of the same is done by using ANSYS 14.5.Specific objective is to suggest suitable material for
leaf spring among two stated above by comparing the analytical results with FEA results. The analysis of leaf
spring is limited to static loading only.
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Il. OBJECTIVE OF WORK

In order to safeguard natural resources and economize energy, weight reduction has been the main focus of automobile
manufacturers in the present development.The introduction of better material, design optimization and better
manufacturing  processes can cause weight reduction in vehicle .The leaf spring is one of the potential items for
weight reduction in automobile as it accounts for ten to twenty percent of the un-sprung weight. [2]Work in this paper
has following objectives

1) Static analysis of standard Steel leaf spring and composite E-glass/Epoxy leaf spring using FEA. Finding out the
deflection and bending stress for the same.
2) Comparison of the results of standard Steel leaf spring and composite leaf springs.

3) Validation of results by theoretical calculations

MATERIAL OF LEAF SPRING

4 v
STEEL E-GLASS /EPOXY

I

THEOROTICAL CALCULATION FOR

\ 4
CAD MODEL USING CATIA V5R20

v
STATIC ANALYSIS USING ANSYS 14.5

\ 4

COMPARISOSN OF RESULTS
AND SUGESSTION FOR BEST
MATERIAL

Fig.1Diagram showing flow of work

A. MATERIAL FOR CONVENTIONAL LEAF SPRING

The material used for conventional leaf spring is usually a plain carbon steel having 0.90 to 1.0% carbon. [2, 3] EN47
is suitable for oil hardening and tempering. When EN47 is hardened it offers excellent toughness and shock resistance
which make it a suitable alloy spring steel for parts exposed to stress, shock and vibrations.

B. FIBERS SELECTION FOR COMPOSITE SPRING

The commonly used fibers are carbon, glass, etc. The main advantage of glass fibers is low cost. It has high strength,
high chemical resistance and good insulating properties. The disadvantages are low modulus of elasticity, poor
adhesion to polymer, low fatigue strength and high density which increase spring weight and size. [3] The types of
glass fibers are C-glass, S-glass and E-glass. The E-glass fiber is a high quality glass, which is used as standard
reinforcement fiber for all the present systems well complying with mechanical property requirements. Thus, E-glass
fiber was found appropriate for this application.

C. ASSUMPTIONS [2]
1. All Nonlinear effects are excluded
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2. The stress strain relationship for composite material is linear and elastic; hence hook’s law is applicable to composite

material

3. The leaf spring has uniform cross section

C. SELECTION OF CROSS-SECTION
In the present work, only constant cross-section design method is selected. Since the cross-section, area is constant
throughout the leaf spring, same quantity of reinforcement fiber and resin can be fed continuously during

manufacturing. [1]

A. SPECIFIC DESIGN DATA

Here weight and measurements of four-wheeler model of “Ambassador BS IV” are taken.

Kerb weight of vehicle= 1150 Kg
Load Carrying capacity= 450 Kg

I11. DESIGN OF LEAF SPRING

Gross weight of vehicle=1150+450=1600 kg
Taking factor of safety (FS) =1.15
Acceleration due to gravity (g) =10 m/s2

Hence,

Total weight (W) = 1600%10*1.15

=18400 N

Since the vehicle is 4-wheeler, a single leaf spring corresponding to one of the wheels takes up one fourth of the total

weight
Therefore; F= 18400/4
=4600 N

The table | below shows the specifications of conventional leaf spring for selected vehicle;

TABLE I: Specifications of Leaf Spring

Parameters value
Length of master leaf spring (2L) | 975 mm
Thickness (t) 8 mm
Width  (b) 50 mm

The mechanical Properties of conventional steel are as shown in table 1l below;

TABLE II: Mechanical Properties of EN47 Steel

Mechanical Properties of EN 47 Steel

Properties Values Unit
Young's modulus | 200000 - 200000 MPa
Tensile strength 650 — 880 MPa
Elongation 8-25 %
Fatigue 275 - 275 MPa
Yield strength 350 - 550 MPa
Density 7700 Kg/m®
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We calculated load on each leaf spring of vehicle, now we know that the deflection of leaf spring is given by;

ANWL3
0= 3 |
nEbt
In addition, bending stress in leaf spring is given by;
6WL
o= 2 |
nbt

Where,

W-Load on vehicle (N)

L- Length of spring (mm)

n- No. of spring

E-Young Modulus (MPa)

b- Width of leaf spring (mm)
t- Thickness (mm)

8- Deflection of spring (mm)
o- Bending Stress (MPa)

For manufacturing of composite leaf spring, we selected E glass/Epoxy composite material the properties of the
material are mentioned in table below in table 111; [4]

TABLE Ill: Mechanical Properties of E-GLASS/EPOXY

Properties Value
Tensile modulus along X-direction (Ex) 34000 MPa
Tensile modulus along Y -direction (Ey) 6530 MPa
Tensile modulus along Z-direction (Ez) 6530 MPa
Tensile strength of the material 900 MPa
Compressive strength of the material 450 MPa
Shear modulus (Gxy) 2433 MPa
Shear modulus (Gyz) 1698 MPa
Shear modulus (Gzx) 2433 MPa
Poisson ratio along XY -dirction(piyy) 0.217
Poisson ratio along YZ-direction (u,,) 0.366
Poisson ratio along ZX-direction () 0.217
Mass density of the material (p) 2.6*10°
kg/mm3
Flexural modulus of the material 40000
Flexural strength of the material 1200

With reference to equations I and I, the values of deflection and stress are calculated for conventional leaf spring and
composite leaf spring for different values of load and these are as tabulated below in table 1V; for composite material
the values of young’s modulus and thickness of spring will be different. Rest all the values will be same as stated
above .The values are,

E=34000 N/mm?2
t=35 mm
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TABLE IV: Calculation of stress and deflection for different values of loads

Sr. | Load | EN 47 Steel E Glass/Epoxy
No | (N) dmm |o 6 mm |X
N/mm? N/mm?
1 500 45.25 457.63 3.179 23.87
2 1000 | 90.51 914.06 6.358 47.75
3 1500 | 135.77 1371.09 | 9.53 76.63
4 2000 | 181.02 1828.12 12,7176 | 95.51
5 2500 | 226.28 2285.15 15.89 119.38
6 3000 | 271.54 2742.18 19.07 143.26
7 3500 | 316.79 3199.22 22.25 167.14
8 4600 | 416.36 4204.68 29.24 219.67

IV.FEA OF LEAF SPRING

A. SOLID MODELING

In the present work, mono leaf springs of steel and composite materials are modelled. For modelling the steel
spring, the dimensions of a conventional leaf spring of a lightweight commercial vehicle is chosen. Since the leaf
spring is symmetrical about the neutral axis only half of the leaf spring is modelled by considering it as a cantilever
beam and a load is applied on the leaf spring in z direction. [2]In the same manner discussed above composite leaf
spring is modelled only thickness of leaf spring increases due to low modulus of elasticity. For Modelling of leaf,
spring CATIA V5R20.is used.

B. FEA USING ANSYS 14.5

The solid model prepared in CATIA V5R20 is imported in workbench ANSYS 14.5 to perform static analysis for
different load conditions. A stress-deflection analysis is per- formed using finite element analysis (FEA). The complete
procedure of analysis is done using ANSYS-14.5. To conduct finite element analysis, the general process of FEA is
divided into three main phases,

PRE-PROCESSOR: The pre-processor is a program that processes the input data to produce the output that is used as
input to the subsequent phase (solution). [5] Fig 2(a) show the finite element model of leaf spring having material EN
47 steel where it was meshed by taking edge length as 8mm because of which a total of 31777 elements and 56965
nodes were created.

Method: tetrahedrons

Element Size: 3 mm

No of Elements formed: 31777

No of Nodes created: 56965

In the same manner discussed above the composite leaf spring is analyzed. As shown in fig. 2(b)

Element size: 3 mm

No. of elements formed: 52333

SOLUTION:It is completely automatic phase. The element matrices are generated by FEA software. Nodal values and

derivatives are computed and saved in data file. These files are further used by the subsequent phase (Postprocessor) to
review and analyse the results through the graphic display and tabular listings. [5]
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POSTPROCESSOR:The output consists of nodal values of the field variable and its derivatives. For example, in
structural analysis, the output is nodal displacement and stress in the elements. The postprocessor processes the result
data and displays them in graphical form to check or analyse the result. The graphical output gives the detailed
information about the required result data. [5]

@ (b)
Fig. 2 Meshing of Leaf spring in ANSYS 14.5 (a) Meshing of Leaf Spring, Material EN47 steel (b) Meshing of Leaf Spring, Material: E Glass/Epoxy
V. FEARESULTS AND DISCUSSION
The FEA of the leaf spring of both the materials are carried out and obtained results for deformation and stress in the

leaf spring for different loads. The fig 3.shows the results for deformation and von-mises stresses in both conventional
and composite leaf springs. The results are for maximum load i.e 4600 N
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Fig. 3 Deformation and von-mises stresses in leaf spring (a) Deformation in conventional leaf spring for load of 4600N, Material: EN47 steel (b)

Von-mises stress in conventional leaf spring for load of 4600N, Material: EN47 (c) Deformation in composite leaf spring for load of 4600N, Material:
E-Glass/Epoxy (d) Von-mises stress in composite leaf spring for load of 4600N, Material: E-Glass/Epoxy
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The tabulated forms of results are shown in Table V below;if we compare the analytical results and FEA results of leaf
spring of both the materials i.e. EN 47, and E Glass/ Epoxy Composite as described in Table IV and Table V. The
percentage difference between the values of stress and deformation are in the range of 10% to 30%.Also we can say
from Table IV and Table V that stresses in E- Glass /Epoxy composite material are less in both theoretical and FEA
results as compared to EN 47. The graph In Fig 4 shows Variation of stresses for EN47 and E Glass/Epoxy composite
material in both analytical and FEM way.

Also little consideration towards weight of the material, if we use composite material it reduces the weight of leaf
spring. The table VI belowshows the percentage weight reduction in weight of materials. Reduction in weight is due to
densities of materials.

TABLE V: ANSYS results of stress and deflection for different values of loads

Sr. EN 47 Steel E Glass/Epoxy
No. Load
(N) 0 mm c 0 c
N/mm? mm N/mm?

1 | 500 50.196 | 539.76 3.7681 | 33.702
2 | 1000 100.39 | 947.24 7.5363 | 67.405
3 | 1500 150.59 | 1420.9 11.304 101.11
4 | 2000 200.78 | 1894.5 15.073 134.81
5 | 2500 251.30 | 2263.1 18.841 168.51
6 | 3000 301.26 | 2715.7 22.609 | 202.21
7 | 3500 351.47 | 3168.3 26.377 | 235.92
8 | 4600 461.8 4357.3 34.667 | 310.06

FEA RESULTS THEOROTICAL RESULT

2000 3000

LOAD(N)

E Glass/Epoxy 6 N/mm2

@) (b)
Fig. 4 Graph showing variation of stresses for both EN47 Steel and E-Glass/Epoxy Material (a) Comparison of FEAResults (b) Comparison of
Theoretical Results

TABLE VI: Percentage reduction in weights

Sr.no Materials Actual weight | % weight savings
1 Steel 3900 gm -
2 E-Glass /Epoxy 2600gm 33.33
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VI.CONCLUSION

As automobile world demands research of reducing weight and increasing strength of products, composite material
should be up to the mark of satisfying these demands. As leaf spring contributes considerable amount of weight to the
vehicle and needs to be strong enough, a single E-Glass/Epoxy composite leaf spring is designed and analysed
following the design rules of composite materials. In addition, it shows the comparative weight reduction of material
between 30-40%. Also, the stresses produced in composite material are also less as compare to conventional steel
material. The results obtained in theoretical and FEA solution are showing differences and hence it is recommended that
the results should be verified with experimental work. This papers work is done for light four wheeler vehicles. The
prototype of leaf spring not manufactured. One can research for dynamic loading of leaf spring made of composite
material, as the work in this paper is totally based on static loading only.
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