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WITH COMPOSITE LEAF SPRING

YOGESH G. NADARGI', DEEPAK R. GAIKWAD? & UMESH D. SULAKHE®

1L2&3Mechanical Engineering, B R Indira Gandhi College of Engineering, Solapur, India
E-mail yogeshnadargi@gmail.com, dpak_gaikwad@gmail.com, udsulakhe@gmail.com

Abstract - The automobile industry has shown increased interest in the replacement of steel spring with fibre glass
composite leaf spring due to high strength to weight ratio. Therefore the aim of this work is to reduce the weight
and low cost fabrication of complete mono composite leaf spring and mono composite leaf spring with bonded end
joints. Also, general study on the analysis and design. A single leaf with variable thickness and width for constant
cross sectional area of unidirectional glass fibre reinforced plastic (GFRP) with similar mechanical and geometrical
properties to the multi leaf spring, was designed, fabricated (hand- layup technique) and tested. The results showed
that an spring width decreases hyperbolically and thickness increases linearly from the spring eyes towards the axle
seat. The finite element results using ANSYS software showing stresses and deflections were verified with analytical
and experimental results. The design constraints were stresses (Tsai-Wu failure criterion) and displacement. Compared to
the steel spring, the composite spring has stresses that are much lower, the natural frequency is higher and the spring
weight is nearly 85 % lower with bonded end joint and with complete eye unit.

Keywords:- composite, glass fibre reinforced plastic (GFRP),

. INTRODUCTION

In order to conserve natural resources and
economize energy, weight reduction has been the
main focus of automobile manufacturer in the
present scenario. Weight reduction can be achieved
primarily by the introduction of better material,
design optimization and  better manufacturing
processes. The suspension leaf spring is one of
the potential items for weight reduction in
automobile as it accounts for ten to twenty percent
of the unsprung weight. This helps in achieving the
vehicle with improved riding qualities. It is well
known that springs, are designed to absorb and
store energy and then release it. Hence, the strain
energy of the material becomes a major factor in
designing the springs.

The relationship of the specific strain energy [3]
can be expressed as
U=06?/pE

Where, o is the strength

p isthe density

E is the Young’s modulus of the spring
material.
It can be easily observed that material having
lower modulus and density will have a greater
specific strain energy capacity. The introduction of
composite materials was made it possible to
reduce the weight of the leaf spring without any
reduction on load carrying capacity and stiffness

[1].

In every automobile, i.e. four wheelers,
trucks the leaf spring is one of the main
components and it provides a good suspension
and it plays a vital role in automobile application.
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 [2].

1. GEOMENTRY OF SPRING
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1. LITERATURE SURVEY
® Rajendran studied the application of
composite structures for automobiles and
design optimization of a composite leaf
spring. Great effort has been made by the
automotive industries in the application
of leaf springs made from composite
materials.
® S Vijayarangan showed the introduction

of fibre reinforced plastics (FRP) made
it possible to reduce the weight of a
machine element without any reduction
of the load carrying capacity. Because
of FRP materials high elastic strain
energy storage capacity and high
strength-to-weight ratio compared with
those of steel, multi-leaf steel springs are
being replaced by mono leaf FRP springs
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® H.A. Al-Qureshi study on the analysis,
design and fabrication of composite
springs. From this viewpoint, the
suspension spring of a compact car, “a
jeep" was selected as a prototype. A single
leaf, variable thickness spring of glass
fiber reinforced plastic (GFRP) with
similar  mechanical and geometrical
properties to the multi leaf steel spring,
was designed, fabricated (moulded and
hoop wound) and tested. The testing was
performed experimentally in the laboratory
and was followed by the road test.
Comparison between the performance of
the GFRP and the multi leaf steel springs
is presented. In addition, other relevant
parameters will be discussed [8].

e Mouleeswaran Kumar This paper
describes static and fatigue analysis of steel
leaf spring and composite multi leaf spring
made up of glass fibre reinforced polymer
using life data analysis. The dimensions of
an existing conventional steel leaf spring of
a light commercial vehicle are taken and are
verified by design calculations. Same
dimensions of conventional leaf spring are
used to fabricate a composite multi leaf
spring using E-glass/Epoxy unidirectional
laminates. The load carrying capacity,
stiffness and weight of composite leaf
spring are compared with that of steel leaf
spring analytically and experimentally.

A. DEFINITION

Composite A composite is a structural material
that consists of two or more combined
constituents that are combined at a macroscopic
level and are not soluble in each other. One
constituent is called the reinforcing phase and
the one in which it is embedded is called the
matrix [3]. The reinforcing phase material may be
in the form of fibers, particles, or flakes. The
matrix phase materials are generally continuous.
Examples of composite systems include concrete
reinforced with steel and epoxy reinforced with
graphite fibers, etc [2].

B. CLASSIFICATION

Matrix Based [5]

e Polymer Matrix Composites

o Metal Matrix Composites

e Ceramic Matrix Composites

Reinforcement Based
o  Fiber Reinforced Composites
e  Whisker Reinforced Composites
e Particle Reinforced Composites

I11. LEAF SPRING

The spring is a machine part used to absorb sudden
loads and to accumulate elastic energy [3]. There are
different mechanical designs and forms of springs [2].
The spring under consideration is called a leaf spring.
A typical leaf spring is shown in Figure shows the
leaves hold together by a (1) centre bolt and (2)
clamp. Fig. show different spring ends used in
practice. The top leaf is designated as the main leaf.
fig. shows various parts of the of leaf spring

Leaf spring:

(@) Spring (1, centre bolt; 2, clamp),
(b) Eye spring end, and

(c) Plain spring end.

IV. DESIGN PARAMETER OF STEEL LEAF
SPRING

Parameters of the steel leaf spring used in this work

are shown in Table 1
The expression for bending stresses [6],

The deflection, given by

Appro. Mass of spring is given by
M = (one half of spring length *SF) (Unit mass from
table)/1000

TABLE 1

=" - .

i (b) % [c)
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V. ANALYSIS OF COMPOSITE LEAF

SPRING o s AN
Parameter Value s
Material selected-Steel 55Si2Mn90
Tensile strength (N/mm?) 1962
Yield strength (N/mm?) 1470
Young’s modulus E (N/mm?) 2.1*10° .
DeSign stress (Gb) (N/mmz) 653 m_an.:l-an BT gronn R g M g wso,?ss
Total length (mm) 1190 Fig.5.1 Displacement pattern for steel leaf spring
BODAL SOLUTION m
The arc length between the axle seat & the 1Epa1 s znos
595 == 2o
front eye(mm) dmiicn
Arc height at axle seat (mm) 120 I
Spring rate (N/mm) 32
Nominal static loading (N) 3850
Auvailable space for spring width (mm) 60-70
s
. . ﬁ Lad5.685 A0 L HEL 354, 0°%8 w
Spnng WEIght (kg) 26 1. nav 1952481 01479 A05. 575 E1Ll.872

Fig.5.2 shows Stress distribution for steel leaf spring [9].
]

To design composite leaf spring, a stress analysis was
performed using the finite element method done
using ANSYS software. Analysis carried out for
composite  leaf  spring  for  Glass/Epoxy,
Graphite/Epoxy and Carbon/Epoxy composite
materials and the results were compared with steel
leaf spring.

For steel leaf spring
Boundary condition: - In this analysis is one end is
assumed to be fixed and loading is
applied at other end. A finite element stress analysis
is performed under full bump loading [9]. Fig.5.3 show Boundary conditions and meshed model of mono
o Element type & density:- every leaf Composite leaf spring [9].
with eight-node 3D brick element
(solid 45) s counson X
o five-node 3D contact element
(contact 49)
For composite leaf spring
Element type & density for mono composite leaf
spring [5]: - eight-node 3D SOLIDA46.
(For multi leaf spring to establish contact between the
leaves, the interface elements o
CONTACT174 and TARGET170 are chosen.) "‘? o —
Figs. represent FEA results for steel and mono s e eine .

K . Fig.5.4 sh Stress distribution tfor Glass/Epoxy composite
composite leaf spring (Glass/Epoxy) [5]. 19-2.4 Shows mono leaf Spring poxy comp
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MAX.DEFLEC MAX.STRE
STA TION SSES
TIC (mm) (Mpa) WEIG
MATERI LOA HT
AL D (Kg)
(N) FE | Numeric | FE | Numeri
A al A cal
51
Steel 3980 | 90 107.5 1 653 26.0
Bglass' | 4o50 | 94 | 1050 | 46| 473 | 388
Epoxy 6
Graphite/E ) 68 ) 42 ) 233
poxy 2
Carbon/Ep 41 2.39
- 62 - -
oxy 3
R AN

AfH 24 sus
i1zroas

At

n 2. al AT AR

T RE.ANE
ac. 471 3L.a1z IZ.354

73.295

AL TAR
14,236

Fig5.5 show Displacement pattern for Glass/Epoxy
composite leaf spring [9].

ESULT DISCUSSION

Numerical results of the leaf spring under static
loading containing the stresses and deflection are
listed in the Table. These results are also compared
with FEA in Table. Since the composite leaf spring is
able to withstand the static load, it is concluded that
there is no objection from strength point of view also,
in the process of replacing the conventional leaf
spring by composite leaf spring. Since, the composite
spring is designed for same stiffness as that of steel
leaf spring, both the springs are considered to be

almost equal in vehicle stability. The major
disadvantages of composite leaf spring are chipping
resistance.

The weight of the leaf spring is reduced
considerably about 85 % by replacing steel
leaf spring with composite leaf spring. Thus,
the objective of the unsprung mass is
achieved to a larger extent. The stresses in
the composite leaf spring are much lower
than that of the steel spring.

From the results, it is observed that the
composite leaf spring is lighter and more
economical than the conventional steel
spring with similar design specifications.

VII. REFERENCE

[1] Rajendran, 1., Vijayarangan, S. Optimal Design of a
Composite Leaf Spring using Genetic Algorithms Int.
Jr. of Computer and Structures 79 2001: pp. 1121 —
1129.

[2] Rajendran, |., Vijayarangan, S. Design and Analysis of
a Composite Leaf Spring Journal of Institute of
Engineers India 82 2002: pp. 180 — 187.

[3] Daugherty, R. L. Composite Leaf Springs in Heavy
Truck Applications. K. Kawata, T.Akasaka (Eds).
Composite  Materials  Proceedings of Japan-US
Conference Tokyo, 1981: pp. 529 — 538.

[4] S.G.SHIVA SHANKAR, Vijayarangan, S. Mono
Composite Leaf Spring for Light Weight Vehicle —
Design, End Joint Analysis and Testing ISSN 1392—
1320 MATERIALS SCIENCE (MEDZIAGOTYRA). Vol.
12, No. 3. 2006

Autar .K. Kaw. Mechanics of composite materials --2"
Ed. Published in 2006 by CRC Press Taylor & Francis
Group

[5]

[6] J.P. Hou, J.Y. Cherruault, I. Nairne, G. Jeronimidis,
R.M. Mayer Evolution of the eye-end design of a
composite leaf spring for heavy axle loads Composite

Structures 78 (2007) 351-358

B.S.N.Azzam& M.OA.Mokhtar =~ Theoretical and
Numerical Analysis of Fibrous Composite C-Springs,
Cairo university SAE.2001-01-271

(7

[8] Design and Application of Leaf Springs, Spring Design
Manual, SAE AE-11, Part-1, Society of Automotive
Engineers, Warrendale, PA, 1990.

[9] ANSYS Inc: ANSYS Users Manual, Rev.2009.10.0

KA A

International Journal of Mechanical and Industrial Engineering (IIMIE) ISSN No. 2231 —6477, Volume-3, Issue-3

160



	A PERFORMANCE EVALUATION OF LEAF SPRING REPLACING WITH COMPOSITE LEAF SPRING
	Recommended Citation

	A PERFORMANCE EVALUATION OF LEAF SPRING REPLACING WITH COMPOSITE LEAF SPRING

