

Abstract— Automobile companies are showing interest in

reducing the weight of vehicle by replacing the steel by GFRC for
increasing the fuel economy and performance. The Natural Fiber
composites are the superior alternative for the GFRC due to low
cost, lightweight compared to steel, moreover the natural fiber
materials are Biodegradable and also have more elastic strain
energy storage capacity and high strength capacity and high
strength to weight ratio compared to steel. The aim of present
work is to design the leaf spring of Sisal Fiber Reinforced
Composite for Light commercial vehicle. Hand lay-up method is
used for fabrication. The present work carries analytical, FEA
and experimental results. The experimental testing was
performed on Universal Testing Machine and Ansys for Finite
Element Analysis. Verification of Stresses and Deflection were
carried analytically and experimentally. NFRC leaf spring has
stresses with in the limit for the desired Sisal Fiber Reinforced
Composite.

Index Terms—Natural Fibers, Leaf Spring, Composites, Sisal.

I. INTRODUCTION

he leaf spring suspension holds about 10-20% of vehicle
unsprung mass. Thus it becomes an essential component

for weight minimization. The mass minimization can be
accomplished by selecting better materials and optimized
design of leaf spring etc. [1]. Natural fibers such as cotton,
jute, and sisal are much cheaper than the synthetic fibers
such as glass, nylon, and carbon. However the mechanical
properties of natural fiber composites are much lower than
those of the synthetic fiber composites. Though synthetic
fibers have very good mechanical properties, their
disadvantage is that they are difficult to recycle. In contrast,
natural fibers are renewable raw materials and they are
recyclable [2]. The composite leaf springs can take more
amount of load than the conventional leaf spring for
constant specified deflection [3]. The scientists and
researchers have been forced to look into alternative
materials in the recent years due to serious environmental
and economic concerns in order to replace traditional
polymer composites made with synthetic fibers such as
glass and carbon etc. This resulted in increasing interest in
the development of bio-composites [4]. Studies indicate that
10% mass reduction relates to a 3% to 7% benefit in fuel
consumption depending on the type of car and the drive

cycle used. On average a weight reduction of 100kg
delivers -10gr CO2/km [5].

Fig. 1: Multi Leaf Spring assembly.

Fig. 2: When a leaf spring is compressed, the spring flattens
and becomes longer. The shackles allow for this lengthening.
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Fig. 3: Typical rear leaf-spring suspension of a rear-wheel-
drive vehicle.

II. LITERATURE REVIEW

Ravi Kumar et al. (2013) had Analysis of natural fiber
composite leaf spring. In their study mono composite leaf
springs for the vehicular suspension system was designed
using E-Glass/Epoxy, Natural fiber epoxy with the objective
of minimization of weight of the leaf spring subjected to
constraints such as type of loading and laminate thickness and
ply orientation angle. All the stresses in the leaf spring were
well within the allowable limits. GFRC and Jute glass epoxy
composite are considered to be almost equal in vehicle
stability and both are manufactured with same dimensions.
The weight of the leaf spring is reduced considerably about
75% by replacing steel and GFRP and Jute-E-Glass-Epoxy
composite leaf spring. [6]
Jadhav et al. (2012) had Performance analysis of two mono
leaf spring used for Maruti 800 vehicle. In their study the
development of a composite mono leaf spring having constant
cross sectional area, where the stress level at any station in the
leaf spring is considered constant due to the parabolic type of
the thickness of the spring, has proved to be very effective.
Efforts have been made to reduce the cost of composite leaf
spring to that of steel leaf spring. The achievement of weight
reduction with adequate improvement of mechanical
properties has made composite a very replacement material for
convectional steel. [7]
Raghu Kumar et al. (2013) have done Static analysis of
mono leaf spring with different composite materials. This
work aims to suggest the best composite material for design
and fabrication of complete mono composite leaf spring.
Compared to the steel spring, the composite spring has
stresses and deflection that are much lower, and the spring
weight is nearly 78% lower. Analysis carried out for
composite leaf spring for Glass/Epoxy,   Graphite/Epoxy,
Carbon/Epoxy,   Kevlar   epoxy,   Boron   Aluminum
composite materials and the results were compared with steel
leaf spring. The comparisons show that the Graphite Epoxy,
Carbon Epoxy, Kevlar Epoxy are getting more stress as
compared to the steel. These materials may with stand with
theses stresses but from stress point of view, these materials
may not be the suitable materials for replacing the steel. But, E
Glass Epoxy and Boron Aluminum are getting less stresses as
compared to the steel. Boron Aluminum is the best suitable
material for replacing the steel in manufacturing of mono leaf
spring. The savings in the weight is 90.3%. [8]

Budan and Manjunatha (2010) have done Investigation on
the Feasibility of Composite Coil Spring for Automotive
Applications. In their study three different types of springs
were made using glass fiber, carbon fiber and combination of
glass fiber and carbon fiber. This work aims to find the
feasibility of replacing metal coil springs with the composite
coil springs. In their experiments three types of composite
springs manufactured are glass fibers [GF], carbon fibers
[CF], glass fiber/carbon fiber [GF/CF] roving. The graph
shows the load deflection curves of the three types of springs.
The spring rates of the carbon fiber springs are 34% more than
the glass fiber spring and 45% more than the CF/GF spring.
The failure load of the carbon fiber spring is 35% more than
the carbon fiber spring and 45% more than the GF/CF spring.
Weight of all three types of composite springs is
approximately 80% less than the steel spring. [9]
Mehndiratta et al. (2015) have done Analysis of GFRP Leaf
Spring. The objective of this work is to compare the load
carrying capacity, stiffness and weight savings of composite
leaf spring with that of steel leaf spring using theoretical,
experimental and numerical analysis. CATIA software is used
for modelling and static analysis of 3-D model of conventional
leaf spring is performed using ANSYS 14.0. The result
observed from this work, the maximum load taken by
proposed leaf spring was 1842 N and maximum deflection of
proposed leaf spring was 32 mm which is 13.513 % less than
the leaf spring of Mild steel (evaluated theoretically). Leaf
spring made of GFRP and mild steel have same deflection
under same load and Similar bending stress. The GFRP leaf
spring is 86.424 % lighter than leaf spring of mild steel. The
GFRP blades are 56.66 % cheaper than mild steel blades. [10]
Al-Qureshi (2001) has done Automobile leaf springs from
composite materials. The aim of this paper is to present a
general study on the analysis, design and fabrication of
composite spring. The suspension spring of a compact car, “a
jeep” was selected as a prototype. Conventional hand lay-
up/vacuum bag technique is used for fabrication of composite
springs. Field testing were carried out on a number of GFRP
spring which were mounted in place of the conventional steel
springs on a jeep. The GFRP springs were more flexible than
steel springs. During the test ride, noise and harshness were
significantly reduced. The composite leaf springs have better
fatigue behavior than steel springs. [11]
Shokrieh and Rezaei (2003) have done Analysis and
optimization of a composite leaf spring. The objective was to
obtain a spring with minimum weight that is capable of
carrying given static external forces without failure. Compared
to the steel spring, the optimized composite spring has stresses
that are much lower, the natural frequency is higher and the
spring weight without eye units is nearly 80% lower. A stress
analysis was performed using finite element method. All the
calculations were done using the version 5.4 of ANSYS. A
finite element stress analysis was performed under static and
full bump loading. Another analytical solution was carried out
using the SAE standard design formulas for leaf springs. The
road irregularities usually have the maximum frequency of 12
Hz, so the leaf spring should have a higher natural frequency
to avoid the resonance. The stiffness of composite leaf spring
is the same as the steel leaf spring but its weight is lower than
the steel spring. Therefore, we can expect that the first natural



frequency of composite leaf spring will be higher than that of
the steel one. The stresses in the composite leaf spring are
much lower than that of the steel spring. Compared to the steel
leaf spring (9.2 kg) the optimized composite leaf spring
without eye units weights nearly 80% less than the steel
spring. [12].
Researchers have done analysis of composite leaf spring to
replace the steel leaf spring [13, 16].  Senthil Kumar and
Vijayarangan have done Analytical and Experimental Studies
on Fatigue Life Prediction of Steel and Composite Multi-leaf
Spring for Light Passenger Vehicles Using Life Data Analysis
[14]. Shilpa and Jitendra determined Mono composite leaf
spring for light weight vehicle – design, End joint analysis and
testing [15]. Prabhakar et al. had analyzed Mechanical and
Thermal Properties of Epoxy Composites Reinforced with
Waste Peanut Shell Powder as a Bio-filler [17]. Militky and
Jabbar have done the comparative evaluation of fiber
treatments on the creep behaviour of jute/green epoxy
composites [19]. Braga and Magalhaes have done analysis of
the mechanical and thermal properties of jute and glass fiber
as reinforcement epoxy hybrid composites [20]. Maples et al.
have studied high performance carbon fibre reinforced epoxy
composites with controllable stiffness [21]. Researchers have
studied the mechanical and tribo-performance behaviour of
rice-husk filled glass–epoxy hybrid composites [22-24].
Biswas and Satapathy done a comparative study on erosion
characteristics of red mud filled bamboo–epoxy and glass–
epoxy composites [25]. Guermazi et al. carried out
investigations on the fabrication and the characterization of
glass/epoxy, carbon/epoxy and hybrid composites used in the
reinforcement and the repair of aeronautic structures [26].

III. PROBLEM IDENTIFICATION

Based on analysis of literature survey it can be seen that most
of research work is done on
1) Leaf spring weight reduction with concentration on
changing material.
2) Most of researchers have taken the composite as an only
alternative. Instead of any other grade of steel or Natural fiber
reinforced composites.
3) Very few of researchers have focused on application of
Natural Fiber reinforced composites for leaf spring. This
research gap is used in defining and formation of problem
statement and objective of project.

IV. OBJECTIVES

1) To develop a composite material from sisal fiber particulate
for application of leaf spring.
2) To test the specimen as per ASTM standards.
3) Determine through structural analysis the Load vs.
Deflection of Sisal Fiber Reinforced Composite Leaf Spring.

V. METHODOLOGY

VI. EXPERIMENTAL FOR SPECIMEN

6.1. Materials
To form the laminated composites used in this study, was used
these following materials described below, and the composites
with layers kind and the percentage of mass is at Table 1:

Table 1: Percentage by mass of samples.

Composites
Percentage by mass of samples

Glass Fiber
(% in mass)

Sisal Fiber
(% in mass)

Epoxy Resin
(% in mass)

Sample 1 55 0 45
Sample 2 45 11 44
Sample 3 30 30 40

Epoxy resin: The epoxy resin (HSC 7251) and the hardener
(HSC 8221) are supplied by Hindustan Speciality Chemicals,
Mumbai. Sisal fiber: The sisal fibers are supplied by Tokyo
Engineering. Glass fiber: The glass fibers used in fabric form
of Owens Corning supplied by local supplier were: Grammage
—365 g/m2. The composite slabs are made by conventional
hand-lay-up technique followed by light compression
moulding technique. A stainless steel mould having
dimensions of 300 x 200 x 20 mm3 is used. A releasing agent
(silicon spray) used to facilitate easy removal of the composite
from the mould after curing. The low temperature curing
epoxy resin and corresponding hardener are mixed in a ratio of
5:1 by weight as recommended. The mix is stirred manually to
disperse the fibers in the matrix. Care is taken to ensure a
uniform sample since fibers have a tendency to clump and
tangle together when mixed. The cast of each composite is



cured under a load of about 30 kg for 12 h before it removed
from the mould. Then this cast is post cured in the air for
another 24 h after removing out of the mould. Specimens of
suitable dimension are cut using a diamond cutter for physical
characterization and mechanical testing. Utmost care has been
taken to maintain uniformity and homogeneity of the
composite.

Fig. 4: Sisal Fiber reinforced composite specimen

6.2. Test of density, tensile, compression and flexural
properties

6.2.1. Mechanical studies
After fabrication, the test specimens were subjected to various
mechanical tests as per ASTM standards. The density test was
performed at 23 °C temperatures in the specimens and a
relative humidity of 50%. The tensile test was performed at 23
°C temperatures in the specimens and a relative humidity of
50%, according to ASTMD638, at a speed of 50.0mm/min  in
a Universal Testing machine as shown in fig. 5. The
compression test was performed according to ASTM D695 as
shown in fig. 7. The bending test was performed at 23 °C
ambient temperature in the specimens and a relative humidity
of 50%, according to ASTM D790, at a speed of 2.0 mm/min
Universal Testing machine as shown in fig. 6. The impact test
for the sample dart drop was performed as ASTM E 23 [20].
Table 3 shows the findings of the tests performed on the
specimen.

6.2.2. Density
The theoretical density of composite materials in terms of
weight fraction can easily be obtained as for the following
equations given by Sandhyarani Biswas [25].

(1)

Where, W and ρ represent the weight fraction and density,
respectively. The suffix g, m and ct stand for the fiber, matrix
and the composite materials, respectively.

The composites under this investigation consists of three
components namely matrix, glass fiber and sisal filler. Hence
the modified form of the expression for the density of the
composite can be written as

(2)

Table 2: Measured and theoretical densities of the Sisal filled
glass–epoxy composites

Composites
Measured

density
(g/cc)

Theoretical
density
(g/cc)

Volume
fraction
of voids

(%)
Glass–epoxy + 0 wt.%
Sisal Fibers

1.69 1.698 0.4711

Glass–epoxy + 10
wt.% Sisal Fibers

1.4 1.410 0.7092

Glass–epoxy + 30
wt.% Sisal Fibers

1.26 1.290 2.3256

Fig. 5: Tensile Test

Fig. 6: Flexural Test



Fig. 7: Compression Test

Table 3: Test results for the Sisal filled glass–epoxy
composites specimen

Composites
Tesile
Strength
(N/mm2)

Compressive
Strength
(N/mm2)

Flexural
Strength
(N/mm2)

Shear
Strength
(N/mm2)

Sample 1 287 317 127.49 89.49
Sample 2 165 237 164.85 10.25
Sample 3 87 122 72.80 32.62

VII. PROBLEM FORMULATION

Here Weight and initial measurements of four wheeler “TATA
ACE” Light commercial vehicle is taken in to consideration
[1].
Weight of vehicle= 700 kg
Maximum load carrying capacity= 1000 kg
Gross vehicle weight= 700 + 1000 = 1700 kg;
Taking factor of safety (FS) = 2
Acceleration due to gravity (g) = 9.81 m/s2
Therefore; Total Weight = 1700*9.81 = 16677 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.
16677/4 = 4169 N,
But 2F = 4169 N.      F = 2084 N.
Span length, 2L = 860 mm,           L= 430mm.

7.1. Analytical Methodology of Leaf spring:
Table 4: Design parameters of leaf spring

Notation Parameter Value

nf Number of extra full-length leaves 2

ng
Number of graduated length leaves including
master leaf

master leaf

3

n Total number of leaves 3

b Width of each leaf(mm) 60

L
Length of the cantilever or half the length of
semi-elliptic spring (mm)

430

y Camber 90

t Thickness of each leaf for steel (mm) 8

t1
Thickness of each leaf for Natural Fiber
composite  (mm)

20

W force applied at the end of the spring (N) 2084

Deflection and stress of the spring is can be determined by
equation (3) and (4) [ 27]

Deflection (3)

Stress (4)

VIII. FINITE ELEMENT ANALYSIS

The aim of this analysis is to study the multi-leaf steel leaf
spring and verification of the results within the desirable
limits. ANSYS 15.0 software is used to analyze the stresses by
performing static analysis for the given leaf spring
specification and to determine the deflection in leaf springs.
Analysis involves discretization called meshing, boundary
conditions, loading.

8.1. Elements Type
SOLID45- 3-D Structural Solid.
CONTA174 - 3-D 8-Node Surface-to-Surface Contact.

8.2. 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 sharp curves, so that shape of the
object will not alter. To mesh the leaf spring the element type
must be decided first. Here, the element type is solid 45. The
element edge length is taken as 5 mm. The numbers of
elements are taken 30000 and the total numbers of nodes are
148741.

8.3. Boundary Conditions

The front eye of the leaf spring is coupled directly with a pin
to the frame so that the eye can rotate freely about the pin but
no translation is occurred. The rear eye of the spring is
connected to the shackle which is a flexible link the other end
of the shackle is connected to the frame of the vehicle. The
leaf spring is totally fixed at the centre with the help of bottom
plate to the axel of vehicle. The force 4169N applied at both
the eye end of leaf spring. One eye of the leaf spring has the
flexibility to slide along the X-direction when load applied on
the spring and also it can rotate about the pin in Z- direction.
The link oscillates during load applied and removed. So the



displacement at the both eye is constrained along the X and Y
directions.

Fig. 8: Mesh Model of Leaf Spring

Fig. 9: Total deformation of steel leaf spring at rated load

Fig. 10: Bending stress in steel leaf spring at rated load

Fig.11: Total deformation of steel leaf spring at full bump load

Fig. 12: Bending stress in steel leaf spring at full bump load

Fig. 13: Total deformation of SFRC leaf spring at rated  load

Fig. 14: Bending stress in SFRC leaf spring at rated load

Fig.15: Total deformation of SFRC leaf spring at full bump
load



Fig. 16: Bending stress in SFRC leaf spring at full bump load

IX. EXPERIMENTAL FOR COMPOSITE LEAF SPRING

9.1. Fabrication of composite leaf spring:
The percentage ratio of glass fiber, sisal fiber and epoxy is
selected is from sample 2. The results for sample 2 are
comparatively good for leaf spring application. The composite
leaf springs are made by conventional hand-lay-up technique
followed by light compression moulding technique. A wooden
mould as shown in fig. 17 is used. A releasing agent (silicon
spray) used to facilitate easy removal of the composite from
the mould after curing. The low temperature curing epoxy
resin and corresponding hardener are mixed in a ratio of 5:1
by weight as recommended. The mix is stirred manually to
disperse the fibers in the matrix. Care is taken to ensure a
uniform sample since fibers have a tendency to clump and
tangle together when mixed. The cast of each composite is
cured under a load of about 30 kg for 12 h before it removed
from the mould. Then this cast is post cured in the air for
another 24 h after removing out of the mould as shown in fig.
18. The product after curing is shown in fig.19. The leaf
spring is in raw form is then finished with desired dimensions
using diamond cutter. A coating is provided on the leaf spring
for better finish. Fig. 20 shows the finished leaf springs after
coating.

Fig. 17: Wooden mould for Leaf Spring

Fig. 18: Light compression moulding of composite Leaf
Spring.

Fig. 19: Raw leaf spring after curing

Fig. 20: SFR Composite Leaf Spring after coating

9.2. Mechanical testing of composite leaf spring:
The multi leaf composite spring is tested for rated load as well
as for full bump load on Universal testing machine as shown
in fig. 21. The test is carried out for load from 0 kg to 650 kg
with interval of 50 kg. The respective deflection is measured
for every interval.



Fig. 21: Testing of SFRC Leaf Spring

X. RESULT AND DISCUSSION

From the results of specimen for the Mechanical test as
shown in table 2, it is observed that when the percentage of
Sisal fiber increases the density of the composite material
decreases. The tensile strength of the composite drastically
reduces as percentage of natural fiber increases. It is observed
that the flexural strength of the sample 2 is more than  sample
1 and reduces for sample 3, for the sisal fiber mass percentage
of 11% gives better flexural strength than pure glass fiber
reinforced composite. The flexural strength again decreases
for 30% sisal fiber. As shown in table 3, the shear strength of
sample 3 is more than sample 2, which indicates that increased
percentage of sisal fiber increases the shear strength.
From the results of static analysis of steel leaf spring, it is seen
the displacement of leaf spring is 53.159 mm which is well
below the camber length of leaf spring shown in fig. 9. It is
seen that the maximum bending stress is about 450.73MPa,
which is less than the yield strength of the material shown in
fig. 10. The FEA results are compared with the theoretical
results and found that the theoretical result and FEA result are
nearer to each other as shown in table 5.

Table 5: Comparison between theoretical and ANSYS results
of conventional steel leaf spring

Parameter Theoretical
Results for
steel leaf
spring

FEA   Results
for Steel leaf

spring

Variation

Load, N 4169 4169 NIL

Bending Stress,
MPa

466.84 450.73 3.04%

Total Deflection,
mm

51.38 53.159 3.06%

After that the multi leaf spring with E-Glass/Epoxy material is
analyzed in ANSYS-15 with 20 mm thickness and same
boundary condition as that of conventional leaf spring,
showing bending stress and deflection under load in figures 13
& 14. The comparison between theoretical, experimental and
FEA results are as shown in table 6.

Table 6: Comparison between theoretical, experimental and
ANSYS results of Sisal fiber reinforced composite leaf spring.

The result shows that the Sisal fiber reinforced composite leaf
spring having less deflection compare to conventional steel
leaf spring. The stress induced in the SFRC leaf spring is well
within the strength of the test specimen for sample 2. The
conventional multi leaf spring weights about 9.000 kg whereas
the SFRC multi leaf spring weighs only 5.500 kg. Thus the
weight reduction of 35.00% is achieved. Totally it is found
that the SFRC composite leaf spring is the better that of steel
leaf spring.

XI. FUTURE SCOPE

Optimise the leaf spring thickness for more weight
reduction and the stress within the limit. Perform the modal
analysis of the SFRC leaf spring. Test the SFRC leaf spring
for fatigue life.

XII. CONCLUSION

In the present work, a steel leaf spring was replaced by a
sisal fiber reinforced composite leaf spring due to high
strength to weight ratio for the same load carrying capacity
and stiffness as that of steel leaf spring.

 A semi-elliptical multi leaf spring is designed for a
four wheel automobile and replaced with a
composite multi leaf spring made of SFRC
composites.

 Under the same static load conditions the stresses
and the deflection in leaf springs are found with
great difference. Stresses and deflection in SFRC
composite leaf springs is found out to be less as
compared to the conventional steel leaf springs.

 All the FEA results and experimental results are
compared with the theoretical results and it is
found that they are within the allowable limits and
nearly equal to the theoretical results.

 A comparative study has been made between steel
and composite leaf spring with respect to strength
and weight. Composite leaf spring reduces the
weight by 35.00% for SFRC composite.

 SFRC composite leaf spring can be suggested for
replacing the steel leaf spring both from stiffness
and stress point of view.

Totally it is found that the SFRC composite multi leaf
spring is the better that of steel multi leaf spring. Therefore, it

Parameters Theoretical
Results

Experimental
Results

FEA
Results

Load, N 4169 4169 4169
Bending

Stress, MPa
60.8015 ---- 59.091

Total
Deflection,
mm

28.5 30.0 27.44



is concluded that composite multi leaf spring is an effective
replacement for the existing steel multi leaf spring in vehicles.
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