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ABSTRACT

In The present work we demonstrated expanded enthusiasm for the replacing of steel leaf spring with fiber
glass composite leaf spring because of high quality to weight proportion. The present study portrays configuration
and near investigation of multi-leaf spring made of three unique materials. The demonstrating of the leaf spring has
been done in industrially utilized FEM programming ANSYS. For all three materials the investigation of model was
done in the Static Structural analysis workbench of ANSY'S. The Materials utilized for the multi-leaf spring is SUP9
Steel, and composite material utilized are E-glass/Epoxy and E-glass/Vinyl ester. Goal of the venture was to design
and examination the composite multi leaf spring for vehicles with composite material have orthotropic properties.
Designing of the composite multi leaf spring was done for suspension system which was supplanting current steel
leaf spring utilizing as a part of vehicles.
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1. INTRODUCTION

Leaf springs are one of the most seasoned suspension parts that are still much of the time utilized, particularly
in automobile vehicles. Leaf spring is one of the key parts of vehicle suspension framework. Expanding rivalry and
developments in vehicles segment has a tendency to alter the current items or supplanting old items by new and
propelled materials like composites. Leaf springs are the most part utilized as a part of suspension frameworks to
absorb shock loads in vehicles like light motor vehicles, substantial duty trucks and in rail systems. To address the
issues of the common asset protection, vitality and economy, as of late the automobile makers have been endeavoring
to minimize the heaviness of the vehicle much less as possible. More endeavors are taken with a specific goal to
build the more comfort for the clients and users. Fitting equalization of comfort riding qualities and economy in the
assembling of leaf springs has turned into key parameters.

Multi-Leaf springs are suspension components utilized on normal loader trucks important to minimize the
vertical vibrations, effects and jolts because of road inconsistency and to ensure safety of the passengers and cargo.
Numerous past recorded information demonstrates that steel leaf springs are made by EN45, SUP9, EN45A, 60Si7,
EN47, and 50CrMoCV and so forth these materials are broadly utilized for the manufacturing of the multi leaf
springs.

The presentation of the composite materials made it conceivable to diminish the heaviness of the leaf springs
with no decrease of load carrying capacity and stiffness. Studies were directed on the use of the composite materials
for vehicles suspension system (leaf springs). Multi leaf springs utilized as a part of the vehicles and comprise of full
length leaves and graduated length leaves. The example under this study comprises of seven leaves and ANSYS
static structure analysis has been carried on multi-leaf springs to know approximate solution.

Literature: Numerous research papers have been published on the composite multi leaf spring and Fatigue testing
of leaf springs. A details audit of some chose research papers is introduced.

Sabapathy Vijayarangan (2003), have shown the static and fatigue investigation of steel leaf spring and
composite multi leaf spring made up of glass fiber strengthened polymer utilizing life data analysis. Static analysis
of 2-D model of steel leaf spring was additionally performed utilizing ANSYS 7.1 and compared with experimental
results. Contrasted with steel spring, the composite leaf spring was found to have 67.35 % less stress, 64.95 % higher
stiffness and 126.98 % higher natural frequency than that of existing steel leaf spring. A weight lessening of
68.15 % was likewise accomplished by utilizing composite leaf spring. It is additionally presumed that exhaustion
life of composite is more than that of steel leaf spring.

Raghavendra (2007), have demonstrated that design and analysis of composite multi leaf spring. Weight
lessening is presently the principle issue in industries. In this work, the measurements of a current mono steel leaf
spring of a Maruti 800 traveler vehicle is taken for demonstrating and analysis of a laminated composite mono leaf
spring. Compared with mono steel leaf spring with the laminated composite mono leaf spring is found to have 47%
lesser stress, 25%~65% higher stiffness, 27%~67% higher frequency and weight lessening of 73%~80% is
accomplished.

Al-Quershi (2001), has worked on a GFRP single leaf spring having constant width, where the stress level
at any station in the leaf spring is viewed as consistent because of the parabolic tape of the thickness of the spring,
has ended up being extremely compelling. This study showed that composites can be utilized for leaf springs for
light trucks (jeeps) and meet the necessities, together with significant weight saving. Other work has demonstrated
that composite leaf springs have preferable fatigue behavior over steel springs. Obviously, the hybridization
procedure can be utilized successfully to enhance weight saving and execution in the automobile sectors.
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Zheng Yinhuan (2011), have shown the examinations the mechanics behavior for a composite leaf spring
produced using glass fiber reinforced plastics utilizing the ANSYS Considering interleaf contact, the stress
distribution and deformation were acquired. Taking the single spring as an illustration, correlation between the
execution of the GFRP and the steel spring was introduced. The examination results demonstrate that the composite
spring has lower stress and much lower weight. At that point the automobile dead weight is decreased noticeably and
stress of composite leaf spring is lower than steel spring and its imperviousness to fatigue capacity is much stronger.
Venkatesan (2012), has anticipated design and experimental analysis of composite leaf spring made of glass fiber
reinforced polymer. The goal was to think about the load conveying limit, stiffness and weight saving of composite
leaf spring with that of steel leaf spring. The design requirements were stresses and deflections. Contrasted with steel
spring, the composite leaf spring is found to have 67.35% lesser stress, 64.95% higher stiffness and 126.98% higher
frequency than that of existing steel leaf spring. A weight decrease of 76.4% was accomplished by utilizing
composite leaf spring. From the outcomes, it was watched that the composite leaf spring was lighter and more
economical than the existing steel spring with same configuration.

2. METHODS & MATERIALS
Method of approach: First of needed to calculated design parameters for all seven leaves using design formulas for
leaf spring by Society of automotive engineering (SAE, 1980). Preparation of CAD model of multi leaf spring having
seven leaves by CATIA V5 then theoretical calculation was done using the society of automotive engineering
standard design formulas for leaf spring (SAE, 1980). Finite element analysis of multi leaf spring will be done
ANSYS. Comparison between theoretical and FEA results for validation
Materials for Multi-Leaf Spring: Material chose should be equipped for storing more strain energy in leaf spring.
Particular elastic strain energy can be composed as: S = 16¢ / 2Ep

Where ot is allowable, E is modulus of elasticity and p is density. In view of particular strain energy of steel
spring and some composite materials E-glass/epoxy and E-glass/vinyl ester are chosen as spring material having the
orthotropic properties. These two composite materials are assumed to be linearly elastic. Materials properties of all
three materials are mentioned in table.1 and table.2.

Table.1. Material properties of steel

Parameter Value
Material selected SUP9
Young modulus of elasticity, MPa | 210000
Poisson’s ratio 0.26
Tensile strength ultimate, MPa 1272
Tensile strength yield, MPa 1158
Behaviour Isotropic
Table.2. Material properties of composite material
Property E-glass fiber /epoxy | E-glass fiber /vinyl ester
Tensile modulus (Ex), MPa | 45700 43700
Tensile modulus (Ey), MPa | 15900 15200
Tensile modulus (E;), MPa | 15900 15200
Poisson ratio (Yxy) 0.094 .092
Poisson ratio (Yy) 0.27 0.28
Poisson ratio (Yzx) 0.094 .092
Shear modulus (Gyx), MPa 4320 4150
Shear modulus (Gy), MPa 3845.2 3247.8
Shear modulus (G;), MPa 4320 4150
Ultimate tensile strength (o) | 1203.67 703.25

Modeling: All the design parameters for modeling the leaf spring are listed in table.3 and figure.1, shows details of
leaf spring and figure.2, shows the CAD model of leaf spring.
Table.3. Dimensions of leaf spring

Parameter Value
Span length (centre to eye) 575 mm
Number of full length leaves 2
Number of graduated length leaves 5

Width of leaves 34 mm
Thickness of leaves 55 mm
Length of full length leaves (L and L) | 1150 mm
Camber 175 mm

JCHPS Special Issue 2: February 2017 www.jchps.com Page 162



Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

) ML= Master Leaf
od GL= Graduated Leaf

Figure.1. Details Multi Leaf Spring Figure.2. Multi Leaf Spring CAD Model

Finite Element Analysis: The study has been completed on a multi-leaf spring comprising of seven leaves utilized
by commercial vehicles. Multi-leaf spring of given determination is subjected to Static structure analysis using
ANSYS to discover the stress and deflection. The primary target of this examination is to concentrate on the multi-
leaf spring and confirmation of the outcomes inside the limits. The general procedure FEA is isolated into three
stages, Pre-Processor, Solution and Post-Processor. Modeling of the leaf spring is done utilizing CATIA V5 and
imported to ANSYS workbench. Same model is utilized for examination of every one of the three unique materials.
Define contact: Define contact between leaves of leaf spring are very important for run the analysis. For steel we
have defined No separation and for composite material we have defined bonded. Figure.3, shows the contact between
of all leaves of leaf spring.

Figure.3. Contact between all leaves
Meshing: Meshing is discretization of a continuous system with infinite degree of freedoms to finite degree of
freedom. Mesh generation is one of the most important factors in simulation. Figure.4, shows the meshing of leaf
spring.

Figure.4. Meshed model of leaf spring

3. RESULTS AND DISCUSSION

The leaf spring is ordinarily broke down under bending load condition and the normal stresses are essential.
FEM results of the maximum deflection and maximum stress of various materials are recorded.

Figs.5, to 10 demonstrate the variation of Von mises stress and deflection of FEM results for steel, E-
glass/epoxy and E-glass/vinyl ester leaf spring, separately. From these result we have done comparison between steel
leaf spring and composite leaf spring.

Figure.7. Von mises stress contour of E-glass / epoxy Figure.8. Maximum Deflection contours of
E-glass/ epoxy
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Figure.9. Von mises stress contour of E-glass / vinyl Figure.10. Maximum Deflection contour of E-
ester glass / vinyl ester

Analytical Results:
Maximum capacity = 1300 Kg = 1300 * 10 = 13000 N
Vehicle having 4 numbers of leaf springs,
So that Load on each leaf spring = 13000 / 4 = 3250 N
Leaf spring has two eye ends,
So that, Load (F) =1625 N
Thickness of leaves (h) =5.5 mm
Width of leaves (b) =34 mm
Total number of leaves (n) =7
Length (centre to eye) (L1) =575 mm
Number of full length leaves (nf) = 2
Number of full length leaves (ng) =5
Maximum stress calculated
Omax = 6*F*L1/n*b*h? - (6 *1625%575)/(7*34*5.5%)
Omax = 5606250/7199.5 = 778.699 MPa
Maximum deflection calculated
Smax = 12*F*(L1)%/E*b*h®"(3ns+2ny)
Smax = (12*1625*575% ) /(210000*34*5.52)(3*2+2*5)
Smax = (3.707*10%2) /(1.9*10%9)
Omax = 195.105 mm

From theoretical calculation we got max. Stress is 778.699 MPa which is lower than allowable design stress
so that our design is safe. Tables.4, show us the comparison between FEA and theoretical results for steel leaf spring.
Table.5, shows the comparison of analytical and FEA results for steel leaf spring. Table.5, also shows us the variation
of FEA results for all three materials.

Table.4. Comparison of analytical and FEA results for steel leaf spring

Parameter FEA result | Analytical result | variation
Max Stress (MPa) 696.43 778.699 10.6
Max deflection (mm) | 124.51 195.10 36.2
Table.5. Comparison of FEA results of steel and composite material
FEA result Steel E-glass/ Epoxy | E-glass / Vinyl ester
Max Stress (MPa) 696.43 | 212.4 212.0
Max deflection (mm) 124.51. | 51.68 57.80
% variation in Stress - 69.5 69.5
% variation in Deflection | - 58.5 53.60
Von-Mises Stress _
jgg 9643 w0 12451 Deflection
600 £ 120 -
£ 500 E 100
g iss 212.4 212.08 § §§ 51.68 57.80
- mm H BN
100 — 0
’ Steel E—gl\\'j\[?‘;; l;;l)soxy E-glaas / Vinyl Ester Steel Eig&::e{_ii?:xy E-gl aEs :‘[{e :a‘lny\
Figure.11. Comparison of Von-mises stress by FEA Figure.12. Comparison of deflection by FEA
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4. CONCLUSION

We got some of conclusion related our work. The Analytical and FEA analysis of steel leaf spring has been
done and FEA analysis of composite leaf spring has been carried out. Comparison has been made between composite
leaf spring with steel leaf spring having same design and same load carrying capacity. The stress and deflection have
been calculated using theoretical as well as using ANSYS for steel leaf spring and FEA analysis of composite leaf
spring. From the theoretical results it is found that there is a maximum stress of 778.699 MPa in the steel leaf spring
and from ANSYS the maximum stress in E-glass/ epoxy and E-glass / vinyl ester are 212.4 MPa and 212.08 MPa
respectively.

From FEA results of all three leaf spring, we got 69.5 % variation in stress of E-glass / epoxy means 69.5 %
stress is decrease in E-glass / epoxy compare to steel leaf spring and 69.5 % variation in stress of E-glass/ vinyl ester
means 69.5 % stress is decrease in E-glass /vinyl ester compare to steel leaf spring stress. 58.5 % and 53.60 %
decrease in deflection of E-glass /epoxy and E-glass / vinyl ester respectively compare to steel leaf spring deflection.
Above discussion shown us that the stress and deflection in composite leaf spring are very less comparatively steel
leaf spring
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