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Abstract— Generally, in most of the cars, conventional 

friction brakes are used to stop or control the speed of cars 

while it is in motion. During the running condition, the car 

having lots of kinetic energy, when the brake is applied, this 

kinetic energy is losses by heat energy due to the friction 

between the brake shoe and brake plate. Thus this extra 

power loss reduces the overall efficiency of the vehicle. This 

type of heat losses of energy can be limit by use of 

regenerative braking system known as RBS. Generally, the 

main objective of regenerative braking system is to recover 

as much as possible torque while brakes are being applied. 

The kinetic energy of vehicle can be stored in another form 

of energy. In regenerative braking system, energy can be 

converted by means of generator, dynamometer, alternator, 

pump, compressor or flywheel or in other storage 

devices.Now a day the regenerative braking system is 

applied to many hybrid vehicles. But due to the complexity 

of design it can be applied to limited cars only. In this case, 

by using alternator or dynamo, the kinetic energy of the 

wheel, can be converted into the electric energy which is 

wasted while applying brakes. Looking at the present 

situation of Automobile industry, Weight reduction of an 

automobile ia an major area of concern to the manufacturer. 

Generally Leaf spring is used for the suspension 

charchteristics and having 10 to 20 %  of  unsprung weight. 

Thus a reduction in weight of the spring will improve 

efficiency of the vehicle.These springs are generally made 

of steel material which is having more weight. In order to 

reduce weight, here composite leaf spring is used instead of 

steel leaf spring.This Report describes design and anlysis of 

steel leaf spring and laminated composite leaf spring. The 

dimensions of an existing conventional steel leaf spring of a 

light commercial vehicle are taken. Static structural analysis 

of a 3-D model of conventional leaf spring is performed 

using ANSYS. Same dimensions are used in composite 

multi leaf spring using E-glass/Epoxy unidirectional 

laminates. The load carrying capacity, and weight of 

composite leaf spring are compared with that of steel leaf 

spring. In the present work Hand lay-up composite 

fabrication process is used for making the composite leaf 

spring. E-glass/epoxy leaf spring will be tested on UTM for 

the static design load and compared with the steel 

(55Si2Mn90) leaf spring. 
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I. INTRODUCTION 

A leaf spring is a simple form of spring commonly used for 

the suspension in wheeled vehicles. Originally called a 

laminated or carriage spring, and sometimes referred to as a 

semi-elliptical spring or cart spring. A leaf spring takes the 

form of a slender arc-shaped and rectangular cross section. 

The center of the arc provides location for the axle, 

while tie holes are provided at either end for attaching to the 

vehicle body. For very heavy vehicles, a leaf spring can be 

made from several leaves stacked on top of each other in 

several layers, often with progressively shorter leaves. Leaf 

springs can serve locating and to some extent damping as 

well as springing functions. While the interleaf friction 

provides a damping action, it is not well controlled and 

results in stiction in the motion of the suspension. For this 

reason manufacturers have experimented with mono-leaf 

springs. 

II. LITERATURE REVIEW 

H. A. Al-Qureshi presented a general study on the analysis, 

design and fabrication of composite leaf spring. The 

suspension spring of a car, “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 (molded 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 spring was 

presented (1). 

Mahmood M. Shokrieh & Davood Rezaei analyzed 

four-leaf steel spring used in the rear suspension system of 

light vehicles using the ANSYS V5.4 software. The finite 

element results showing stresses and deflections verified the 

existing analytical and experimental solutions. Using the 

results of the steel leaf spring, a composite one made from 

fiberglass with epoxy resin is designed and optimized using 

ANSYS. Main consideration is given to the optimization of 

the spring geometry. The objective was to obtain a spring 

with minimum weight that is capable of carrying given static 

external forces without failure. The design constraints were 

stresses (Tsai–Wu failure criterion) and displacements. The 

results showed that an optimum spring width decreases 

hyperbolically and the thickness increases linearly from the 

spring eyes towards the axle seat. 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 (2). 

G S Shiva Shankar and Sambagam Vijayarangan 

described a 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 fiber 

reinforced plastic (GFRP) with similar mechanical and 

geometrical properties to the multi leaf spring, was 

designed, fabricated (hand-lay up technique) and tested. 

Computer algorithm using C-language has been used for the 

design of constant cross-section leaf spring. 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 
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and the spring weight is nearly 85 % lower with bonded end 

joint and with complete eye unit(3) . 

Mouleeswaran S Kumar and Sabapathy 

Vijayarangan described static and fatigue analysis of steel 

leaf spring and composite multi leaf spring made up of glass 

fiber reinforced polymer using life data analysis. The 

dimensions of an existing conventional steel leaf spring of a 

light commercial vehicle were taken and verified by design 

calculations. Static analysis of 2-D model of conventional 

leaf spring was also performed using ANSYS and compared 

with experimental results. Same dimensions of conventional 

leaf spring were 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. The design constraints are 

stresses and deflections. Compared to steel spring, the 

composite leaf spring was found to have 67.35 % lesser 

stress, 64.95 % higher stiffness and 126.98 % higher natural 

frequency than that of existing steel leaf spring. A weight 

reduction of 68.15 % was also achieved by using composite 

leaf spring. It was also concluded that fatigue life of 

composite is more than that of conventional steel leaf 

spring(4). 

K K Jadhao and  Dr. R S Dalu described that the 

composite material has high strength to weight ratio, good 

corrosion resistance properties. The objective of present 

study was to replace material for leaf spring. The material 

selected was glass fiber reinforced plastic (GFRP) and the 

polyester resin (NETPOL 1011) can be used which was 

more economical this will reduce total cost of composite 

leaf spring. A spring with constant width and thickness was 

fabricated by hand lay-up technique which was very simple 

and economical. The experiments were conducted on UTM 

and numerical analysis was done via (FEA) using ANSYS 

software. Stresses and deflection results were verified for 

analytical and experimental results. Result shows that, the 

composite spring has stresses much lower than steel leaf 

spring and weight of composite spring was nearly reduced 

up to 85%(5). 

Thippeswamy Ekbote, K.S.Sadashivappa and D. 

Abdul budan analyzed a nine-leaf steel spring used in the 

rear suspension system of a light duty vehicle by ANSYS 

software. The finite element analysis results of stress and 

deflection were verified with the analytical solution and 

experimental results. It was proposed to replace the existing 

steel spring with composite spring. With the results of the 

steel leaf spring, a mono leaf composite spring made from 

E-glass fiber with epoxy resin matrix is designed and its 

geometry is optimized by finite element analysis. The design 

variables were the width and the thickness of the composite 

spring. The design constraints were stress (Tsai-Wu failure 

criterion) and displacement. The objective was to obtain a 

spring with minimum weight capable of carrying intended 

static external force without failure. The optimized spring 

was having its width decreasing and thickness increasing 

hyperbolically from the spring eye towards the axle seat. An 

approximate spring model was assumed and its analytical 

solution was also presented by them. Compared to steel 

spring, the optimized composite mono leaf spring had much 

lower stress and the spring weight without eye units is 

nearly 65% lower than steel spring(6). 

Raghavedra and Syed Altaf Hussain described 

design and analysis of laminated composite mono leaf 

spring. The dimensions of an existing mono steel leaf spring 

of a Maruti 800 passenger vehicle was taken for modeling 

and analysis of a laminated composite mono leaf spring with 

three different composite materials namely, E-glass/Epoxy, 

S-glass/Epoxy and Carbon/Epoxy subjected to the same load 

as that of a steel spring. The design constraints were stresses 

and deflections. The three different composite mono leaf 

springs had been modeled by considering uniform cross-

section, with unidirectional fiber orientation angle for each 

lamina of a laminate. Static analysis of a 3-D model had 

been performed using ANSYS 10.0. Compared to mono 

steel leaf spring the laminated composite mono leaf spring 

was found to have 47% lesser stresses, 25%-65% higher 

stiffness, 27%-67% higher frequency and weight reduction 

of 73%-80% was achieved(7). 

M. M. Patunkar, D. R. Dolas presented a paper 

which describes that analysis of the composite material 

becomes equally important to study the behavior of 

Composite Leaf Spring. The objective of their paper is to 

present modeling and analysis of composite mono leaf 

spring (GFRP) and compare its results. Modelling is done 

using Pro-E (Wild Fire) 5.0 and Analysis is carried out by 

using ANSYS 10.0 software for better understanding(8). 

Zheng Yinhuan, Xue Ka and Huang Zhigao had 

analysed the mechanics characteristic of a composite leaf 

spring made from glass fiber reinforced plastics using the 

ANSYS software. Considering interleaf contact, the stress 

distribution and deformation are obtained. Taking the single 

spring as an example, comparison between the performance 

of the GFRP and the steel spring(9). 

Edward Nikhil Karlus1, Rakesh L. Himte, Ram 

Krishna Rathore described that significant characteristic is 

weight, which is also concentrated in case of Carbon- Epoxy 

composite leaf spring, which can consequence in enhanced 

design of the leaf spring material. The composite material 

accumulates up to 80% of the entire weight as compare to 

the usual steel material. So as conclusion it can be said that 

the current work is established that Carbon- Epoxy 

composites can be used for leaf springs for light weight 

vehicles and convene the necessities, along with 

considerable weight reductions(10). 

III. CHARACTERISTICS OF FRP COMPOSITE 

Many factors must be considered when designing a 

fiberreinforced composite, including length, diameter, 

orientation, amount and properties of the fiber; the 

properties of matrix and the bonding between the fibers and 

matrix(11). 

A. Fiber Length and Diameter  

Fibers can be short, long even continuous. Their dimensions 

are often characterized by aspect ratio l/d, where l is the 

fiber length and d is the diameter. Typical fiber have 

diameter varying from 10μm (10 x 104 cm) to 150μm (150 

x 104 cm) . 
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Fig. 1: Increasing the Length of Chopped E-Glass Fiber in 

an Epoxy Matrix Increases the Strength of Composite. 

B. Amount of Fiber 

A greater volume fraction of fiber increases the strength and 

stiffness of the composite, as we would expect from the rule 

of matrix. However, the maximum volume fraction is about 

80%, beyond which fiber can no longer be completely 

surrounded by matrix. 

C. Orientation of Fiber  

The orientation of the fiber in the matrix is an indication of 

the strength of the composite and the strength is greatest 

along the longitudinal directional of fiber. This doesn’t 

mean the longitudinal fibers can take the same quantum of 

load irrespective of the direction in which it is applied. 

Optimum performance from longitudinal fibers can be 

obtained if the load is applied along its direction. The 

slightest shift in the angle of loading may drastically reduce 

the strength of the composite. Unidirectional loading is 

found in few structures and hence it is prudent to give a mix 

of orientations for fibers in composites particularly where 

the load is expected to be the heaviest. 

 

 
 

 
Fig. 3: Effect of Fiber Orientation on the Tensile Strength of 

Eglass Fiber Reinforced Epoxy Composite 

D. Fiber Properties 

In most fiber-reinforced composite, the fibers are strong, 

stiff, and lightweight. If the composite is be used at elevated 

temperature, the fiber should also have a high melting 

temperature. Thus specific strength and specific modulus of 

the fiber the specific modulus fiber are important 

characteristics. 

 

Specific Strength = TS/ρ 

Specific Modulus = E/ρ 

Where TS is the tensile strength, ρ is the density, 

and E is the modulus of elasticity 

IV. CONCLUSION 

It is been concluded from the papers reffered that E-

glass/Epoxy will be most suitable material for composite 

leaf spring.and Further static and fatigue analysis will be 

carried out to evaluate the performance. 
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