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Abstract - In now a day the fuel proficiency and outflow gas

definite path as it deflects to act as a structural member in

direction of cars are two essential issues. To satisfy this issueaddition the energy absorbing device.

the car enterprises are attempting to make new vehicle
which can give high productivity ease. The most ideal
approach to build the fuel proficiency is to decrease the
heaviness of the vehicle.h& weght reduction can be

accomplished fundamentally by the presentation of better
material, outline streamlining and better assembling forms.
The acomplishment of weight reductiorwith satisfactory

change of mechanical properties has made composite a

decent substitution material for traditional steel.Leaf

springs are one of the most seasoned suspension parts the

are still every now and again uitzed, particularly in light
vehickes. The goal of this paper is to introduce displaying
and examination of omposite multi leaf spring as an
effective alternative to the convention steel suspension
system. This text carries out precise results to withstand
above statement.

Key Words: Multi leaf Spring, FEA, Composite GFRP,
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1. INTRODUCTION

The fuel efficiency and emission gas regulation of
automobiles are two important issues. To fulfil this
problem the automobile industries are trying to make new
vehicle which can provide high efficiency with low cost.
The best way to increase the fuel effiency is to reduce the
weight of the automobile. The weight reduction can be
achieved primarily by the introduction of better material,

design optimization and better manufacturing processes.
The achievement of weight reduction with adequate
improvement of mechanical properties has madeEpoxy

Resin, Carbon Fiber Reinforced Plastic (CFRP), Glass Fiber

Reinforced Plastic (GFRP)are very good replacement
material for conventional spring grade steel. In vehicles
out of many components of automobiléhe onewhich can
be easily replaced is leaf spring.

Leaf springs also known as flat spring arenade from flat
plates. Leaf springs are designed two ways: multeaf and
mono-leaf. The leaf springs may carry loads, brake torque,
driving torque etc. In addition to shodks. The multileaf
spring is made of several steel plates of different lengths
stacked together. During normal operation, the spring
compresses to absorb road shock. Leaf spring imade
from flat plate. The advantage in leaf spring over helical
spring is that the ends of the spring may be guided along a

Thus, the leaf springs may carry lateral loads, brake
torque, driving torque etc., in addition to shocks. Aeaf
spring commonly used in automobiles is of semeélliptical.
It is built up of severalleaves The leaves are usually given
an initial curvature or cambered so that they will tend to
straighten under the load. The leaves are held together by
means of aband shrunk around them at the centre or by a
bolt passing through the centre. Since the band exerts

ystiffening and strengthening effect, therefore the effective

length of the spring for bending will be overall length of
the spring minus width of band. Incase of a centre bolt,
two-third distance between centres of kbolt should be
subtracted from the overall length of the springto find
effective length. The spring is clamped to the axle housing
by means of Wbolts.

Pankaj Saini, Ashish Goel and Dushyarfumar have
studies on analysis of composite leaf spring for light
vehicles. In the text, they have considered commercial
passenger vehicle with Multileaf steel spring of ten leaf
for analysis of stress and deflection by using ANSYS 10
Mechanical ADP softare. The aim of study is to compare
the stresses and load bearing capacity of composite leaf
spring with that of steel leaf spring. The material selected
was graphite epoxy, Eglass and carbon epoxy which was
use against conventional spring grade steel. Eh
dimensions, parameter and the number of leaves for both
steel leaf spring and composite leaf springare the same.
Their considered design constraints were stresses and
deflections.[1]

M.Venkatesan, D.Helmen, have studied under the same
static load conditions stresses and deflection of spring
grade steel and composite material multieaf springs and
found great differences in the parameters. Deflection of
composite is less as compared to steel spring with similar
loading parameters. The weight of stel leaf spring was
found to be 24 kg on the other hand the weight of
composite leaf spring was found to be 3.7 kg. Indicating
reduction in weight about 80% with same performance
level. [2]

2. DESIGN OF LEAF SPRING

A conventional design methods of leaf spngs are largely
based on the application of empirical literature and semi
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empirical rules along with the use of available information
in the existing literature. Leaf springs design depends on
load carrying capacity and deflection. Hence the TATA
SUMO is onsidered for design of leaf spring.

2.1 MATERIAL OF LEAF SPRING

Material selected: 1S-67SiCr5 (97.28%Fe, 0.72%C,
0.60%Cr, 1.40%Si), Epoxy Rsin, Carbon Fiber Reinforced
Plastic (CFRP) Glass Fiber Reinforced Plast{GFRP)

Table -1: Properties of Convention Spring Grade &el

Properties IS-67SiCr5
91 61 ¢80 -1 210e+3MPa
0T EOGOI T80 0.28

Density 7830kg/m3
Yield Strength 1100MPa
Tensile Strength 1700MPa
BHN 500-580 HB

Table -2: Properties of Composites

Maximum Load = 2850kg = 2850*10 = 28500N

Load acting on the leaf spring assembly = 28500/4 =
7125N

2.3 CALCULATION OF THE LOAD ANCEFFECTIVE
LENGTH OF LEAF SPRING

Consider the leaf spring is cantilever bam. So, the load
acting on each assembly of the leaf spring is acted on the
two ends of the leaf spring. Load acted on the leaf spring is
divided by the two because of consideration of the
cantilever beam.

2*W = 7125N
Effective Load, W = 3562.5N

For support and clanping of the leaf spring the Wbolt is
use and the distance between thefolts is 110mm.This is
considered as an unbent portion of the leaf spring.
Ineffective length of the leaf spring is as under:

Epox Effective Length of the spring, L = 5884mm
Properties Rpesi%’ CFRP | GFRP
Ineffective length = 110mm
Ex (MPa) 43000 177000 | 294000
E, (MPa) 6500 10600 6400 2.4 CALCULATIONS OF THE STREB GENERATED IN
E, (MPa) 6500 10600 | 6400 | THELEAFSPRING
PRy 0.27 0.27 0.23 Property of the conventional steelmaterial are
PR 0.06 0.02 0.01 )
Tensile Strength = 1700MPa
PR 0.06 0.02 0.01
Gy (MPa) 4500 7600 4900 Yield Strength = 1100MPa
« (MPa 2500 2500 3000 .
G ( ) Modulus of Elasticity = 210e+3NPa
G (MPa) 2500 2500 3000
Density (/mm3) 1.14e9 1.43e9 | 1.7e9 BHN = 500z 580 HB with hardened and tempered
91 ?I\LIPE)O O - 4940 1.33e+5| 10500 By considering the factor of safety for the safety purpose of
the leaf spring is 1.5 for automobile leaf springSo, the
allowable stress for the leaf spring is as under
2.2 BASIC DATA OF TATA SUMO LEAF SPRING
Table -3: Leaf Spring Specification Tensile Strength = 1700/1.5 = 1133.34MPa
Total Length of Leaf 1250mm 2.5 CALCUATIONS OF THE LENGTH OF LEAVES
Number of full length Leaves 2 unit
Number of Graduated Leaves 4 units b 0EBE0 @ & a & Dipes LIQEOIHOON o O
; £ p o
Thicknessof Leaf 7mm
Width of Leaf 60mm écz o, 0 % OF OOOBIDEED O
Total Load 2850kg P
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Fig-2: Multi Leaf Spring Sgcifications

5th and 6th leaves are full length leaves and 6th leaf is

known as a master leaf. 4. FINITE ELEMENT ANALSIS

2.6 CALCULATION OF SPRING RADIUS FEA (Finite Element Analysis) is used throughout almost
all engineering design including mechanical systems and

Cakulation of radius is as follows civil engineering structures. In most structural analysis
applications, it is necessary to compute displacements and

OOE ORI GQQO BHOE ORI QYA Wb D stresses at various points of interest. The finite element
method is a very valuable tool for studying the behavior of

PXBPZY pxXEO UL YBPT structures. In the finite element method, the finite element

model is created by dividing he structure in too many
YOHQREAOT 0 OH IR BE "Q p @@ & finite elements. Each element is interconnected by nodes.

The selection of elements for modeling the structure
3. MODELLING ANDASSEMBLY depends upon the behavior and geometry of the structure

being analyzed. The modeling pattern, which is generally

The parametric designs are prepared with the help of CAD palled mesh for the finite eI(_ament method, is a very
software T AT AT U 1| OOT AAOE" on)siudedki o‘ﬂ;@ﬂagtﬁpﬁfbh thel mofjje"“g rocess. Thel fe_s“'tsf
license subscription over compatible PC workstation. Oh ta:cl.ng Iomt anzyils epin 'upopr‘ll';]e Sﬁ er?t'?,.n 9
There are different procedures available for modeling of tle inite ee(;mlanctjs and ebmhes size. It Ic')ll:gh the |n||te
leaf spring. Here we utilize divisional method of generation element model does not be ave exact_y_ Ikéhe actua
of parabolic leaf spring. The sheet metal in ANSI code structure, it Is poss'b'e_ to obta_m _suff|C|entIy accurate
conduct is used with specific width and thickness as 'eSults for most practical applications. The FEA has
X . : following advantages.
defined above. Tle sheet metdis hemmingto form upturn
eye with 30mm internal diameter and a camber with

176.26mm. Similarly, 5 more leaf are formed and A Increased Virtualization and Capabilities
constrained together to form a multi leaf spring as shown A Times Saving
below.

A Robust and Simplified
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A.Pre-processing

The pre-processing comprises of varies fundamental
arguments, conditions and constraints are defined about
which the results are required. The part is subdivided to
cell and unit elements called Meshing. Bsh generation is
the process of subdividing a regiond be modeled into a
set of small elements. Meshing is the method to define and
breaking up the model into small elements. Irgeneral, a
finite element model is defined by a mesh network, which
is made up of the geometric arrangement of elements and
nodes. Nodes represent points at which features such as
displacements are calculated. Elements are bounded by
set of nodes, and define localized mass and stiffness
properties of the model. Furthermore, boundary condition
is defined for providing specific relational conditions so
that optimum and accurate results can be obtained.
Boundary condition also enable user to reduce complexity
and enable further accuracy to the results.

B. Solver

The condition and constrains created turn the model
meshing to mathematical omplex model and been
resolved to get raw data in terms of physical quantities.

C. Postprocessing

The acquired raw data is turned into useful information.
Furthermore, this information is the base for providing
user defined results and parameters.

In-Cad 2018.
4.1 BOUNDARY CONDITION AND MESHING

Meshing involves division of the entire of model into small
pieces called elements. It is convenient to select the free
mesh because the leaf spring has sharpurves, so that
shape of the object will not alter.The goal of meshing in is
to provide robust, easy to use meshing tools that will
simplify the mesh generation process. These tools have the
benefit of being highly automated along with having a
moderate to high degree of user controlTo mesh the leaf
spring the element type must be decided first. Here, the
element type is solid 45 and element order is parabolic.
The element edge length is taken as 15 mm. The numbers
of elements are taken 16488 and the t@ numbers of
nodes are 36820as shows in Fig. 3

Initial assumptionsfor the analysis

A Model simplification for FEA.

A Meshing size s
compatibilities.

limited to computer

A Static analysis is considered.

A Material used forconventional leafspring analysis
is isotropic

'l' ("j CComponentﬂ Free, 0., 0. mm

<

L

a

z

Fig-3: Parabolic Meshing of Spring Assembly

Fixed Support For the leaf spring analysis one of the eye
ends of the leaf spring is fixed to the chassis of the vehicle.
Since fixed support has restriction to move in X and Y
direction as well as rotation about that fixed point.So,this
fixed eye end ofthe leaf spring cannot move in any of the
directions i.e. for this eye end degrees of freedoire zero.
Cylindrical support since the leaf springmust translate in
one plane and other movements are restricted to move as
there is shackle provided at otherend of the leaf spring.
Therefore, a cylindrical support is applied to the other eye
end of leaf spring model.

DOF
Components: 0., 0,, 0. mm

DOF

Rotation: 0., 0., Free Rotation: 0., 0., Free

R >

LOAD: 7125 N
Y-Direction

Fig-4: Load and Constraints of Spring Assembly

This support provides the movement of the leaf spring in X
axis, rotation about Z axis and fixe@long Y axis. The load
is uniformly distributed on the leaf spring. In this study

uniformly, distributed load of 7125N is applied on the leaf
spring model.

4.2 SURFACE CONTACTSITHIN LEAFES OF SPRING

The surface contacts within Convention material i.elS
QuV3E#0Ouv EO O./ 3%0%2! 4)/ . 7F
AT 1T OAAO xEOEET AiTi bBI OEOGA 1 AO
considered so because of the manufacturing ease and
compatibility.

© 2018, IRJET | Impact Factor value: 6.171 |

ISO 9001:2008 Certified Journal |

Pag@470



’l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 23950056

IRJET Volume: 05 Issue: 03 | Mar -2018 www.irjet.net -ISSNpP 23950072
4.3 STATIC ANALYSI®F LEAF SPRING
0.156
The static analysis id carried out over the a sis of load ores
from 2000N to 7000N for the sake of better understanding 01w
and information along with the maximum load capacity of orir
7125N. | e
—_ 0098
— 0.091
379.925 : g:%
by 0072
332:439 I 0.065
316610 0.059
300.781 0.052
284.952 0.046
L 269123 L 0039
253294 £ 0033
23466 I 0.026
221837 0.020
__ 205.808 0.013
189979 0.007
174.150 0,000
158.321
142492 Y
ﬁ"‘-““ A CONTOUR: DISPLACEMENT (mm) (TOTAL)
| | 950.:%5 z X DEFORMED TOTAL: (MIN=0, MAX=0.156089)
| | ;::1;; QUTPUT SET: SUBCASE 1
47519
31.690
15.861

0.033

Y
CONTOUR: SOLID VON MISES STRESS (MPa)
X DEFORMED TOTAL: (MIN=0, MAX=0.304823)
QUTPUT SET: SUBCASE 1

Min:3 255E-2

Fig-5: Von-Mises Stress of I$5SiCr5

| ]
EEEES

CONTOUR: DISPLACEMENT (mm) (TOTAL)
X DEFORMED TOTAL: (MIN=0, MAX=0.304823)
OUTPUT SET: SUBCASE 1

Fig-6: Displacementof IS65SiCr5

48952
46913
44874
42835
40796
38757
38718
34,679
32640
30601
28562
26523
24484
22445
20406
18.367
16.329
14.280
12251
10212
8.173
6.134
4,095
2,056
0017

'CONTOUR: SOLID VON MISES STRESS (MPa)
X DEFORMED TOTAL: (MIN=0, MAX=0.156089)
QUTPUT SET: SUBCASE 1

Min:1.701E-2

z

Fig-7: Von-Mises Stress of CarboRiber Reinforced Plastic

Fig-8: Displacementof CarbonFiber Reinforced Plastic

72074
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63.066
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5T.061
54058
51055
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45.050
42048
39.045
36,043
33.040
30,037
27035
24032
21.030
18.027
15.024
12022
9.019
6.017
3.014
0011

CONTOUR: SOLID VON MISES STRESS (MPa)
DEFORMED TOTAL: (MIN=0, MAX=2.71357)
QUTPUT SET: SUBCASE 1

Fig-9: Von-Mises Stress ofslass FibeReinforced Plastic

CONTOUR: DISPLACEMENT (mm) (TOTAL)
DEFORMED TOTAL: (MIN=0, MAX=271357)
OQUTPUT SET: SUBCASE 1

Fig-10: Displacementof Glass FibeReinforced Plastic
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4-5 T T T H T T T T
4071 |—a—Is-65SiCr5 i
354 —~— CFRP i
[S ] — — GFRP /
E 304 —"— Epoxy Resin 4

'_
. 26,523 =z 2_5 . .
[ B & 20- — .
:ii‘iéﬁ é 5] _
B S 10 _— —
0017 054 A/ " i
A CONTOUR: SOLID VON MISES STRESS (MPa) 4 1 N N A A 4—-—""'__— A
z X DEFORMED TOTAL: (MIN=0, MAX=4.20239) 0'0 T _Il T T T T T
QUTPUT SET: SUBCASE 1 1000 2000 3000 4000 5000 6000 7000 8000
LOAD (N)
Fig-11: Von-Mises Stress oEpoxy resin
Fig-14: Displacement comparison
Iiiﬁé’i Table -1: Von-Mises Stress at serial Load
3.852
| B Load | s sssicrs | cFRP | GFRP | EPOY
Bor (N) Resin
O 1000 53.323 6.870 | 10.116 6.870
E f;;;’; 2000 106.647 13.741 | 20.231 13.741
o 3000 | 159.971 | 2061230347 | 20612
| | us 4000 213.292 | 27.482 | 40.463 27.482
0 5000 266.612 | 34.352 | 50.578 34.352
0.350
I wre 6000 319.935 | 41.222 | 60.693 14.222
R rr—— 7000 373.260 | 48.093 | 70.809 48.093
e s, 7125 379.925 | 48.952 | 72.094 48.952
Fig-12: DisplacementStress ofEpoxy resin Table -2: Displacement at serial load
4. COMPARISIONAND RESULTS Load (N) IS- CERP GERP Epo>_<y
65SIiCr5 Resin
400 4 et 1000 0.043 0.022 0.381 0.590
1 —=—|S - 65SiCr5 /-' 2000 0.086 0.044 0.762 1.180
o CFRP 3000 0.128 0.066 1143 | 1.769
S a0 —0—
e 300 - Epoxy Resin / 4000 0.171 0.088 1.523 2.359
A 250 4 5000 0.214 0.110 1.904 | 2.949
[id
e 6000 0.257 0.131 2.285 3.539
200 A
@ 7000 0.029 0.153 2.660 4.129
2 150+ 7125 0.305 0.156 2715 | 4.202
Z 100 _ _
= o — Table -3: Percentage WeighReduction
504 = ______._.-D_-"__:__"'D___._.j:
E-—__-—.-:-:H__--'_-.'—"B"-—""-——-’%‘——"j : Material Weight Percentage Reduction
0 T T T T T T T H
1000 2000 3000 4000 5000 6000 7000 8000 IS—65SiCr5 18.013kg 0
LOAD (N) CFRP 3.281kg 81.79%
Fig-13: VonMi st ) GFRP 3.901kg 78.35%
ig-13: VonrMises Stress comparison Epoxy Resin 2.616kg 85.48%
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Hence from the above, it isobserved that, by using the
Carbon Fiber Rinforced Plastic (CFRP), Glass Fiber
Reinforced Plastic (GFRP), Epoxy Resin materials for leaf
spring more deflection can be obtained with reduced in
the spring weight. The conventional multi leaf spring
weights about 18.013 kg whereas the Epoxy Resin multi
leaf spring weighs only 2.616 kg.Thus, the maximum
weight reduction of 85.48% is achieved. By the reduction
of weight and the less stresses, the fatigue life of Epoxy
Resin leaf spring is to be higher than that of steel leaf
spring. Totally it is found that the Epoxy Resin leaf spring
is the better that of steel leaf spring.

5. CONCLUSIONS

A steel grade Multi leaf Spring can be replaced by Epoxy
Resin, Carbon Fiber Reforced Plastic (CFRP), Glass Fiber
Reinforced Plastic (GFRP) leaf spring due their high
strength to weight ratio for the same load carrying
capacity with same dimension as that of steel leaf spring. A
semi-elliptical multi leaf spring is designed for afour-
wheel automobile and replaced with composite multi leaf
spring made of Epoxy Resin, Carbon Fiber Reinforced
Plastic (CFRP) and Glass Fiber Reinforced Plastic (GFRP).

By the comparative study of conventional steel and
composite leaf spring the maximum bading stress
developed in the steel leaf spring is 379.925MPa, Glass
Fiber Reinforced Plastic (GFRP) i82.092MPa andCarbon
Fiber Reinforced Plastic (CFRP) and Epoxy Resiis
48.952MPaat given loading condition Stress in composite
leaf springs is foundout to be less as compared to the
conventional steel leaf springs

Under the same static loadconditions, the deflection in
composite Epoxy Resin and Glass Fiber Reinforced Plastic
(GFRP) leaf springs is found with great difference of
3.897mm and 2.41mm repectively compared to
conventional steel. The deflection in Carbon Fiber
Reinforced Plastic (CFRP) is found to be 0.419mm less
than the conventional steel springThe deflection in epoxy
Resinleaf springs is found out to be high as compared to
the convertional steel leaf springs.

The maximum weight savings of 85.48%is achieved by
replacing Composite Epoxy Resinwith conventional
spring grade steel 1S65SiCra

Overall, it is found that the Epoxy Resin, Carbon Fiber
Reinforced Plastic (CFRP), Glass Fib&einforced Plastic
(GFRP) arebetter material than conventional spring grade
steel. Therefore,it is concluded that a compositenulti leaf

spring is effective replacement for the existing steel leaf

spring.
6. FUTURE SCOPE

A. TRANSIENT ANALYSIS OF LEAF ISIPR

Since the study and analysis of composite leaf spring has
AARcOl AO A OAPEA DPAAAR EOGBO
the transient analysis for the same now. Hence this
analysis may be conducted to see how the composite leaf
spring behaves when see in a transient atmosphere

B. MANUFACTURING OF COMPOSITE LEAF SPRING

This structural analysis of both the steel and composite
leaf spring indicates that the later one is far better than the
former one and produces even better results; hence its
manufacturing should start which will reduce the flaws

and improve the efficiency of the vehicle.
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