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Abstract— In order to conserve natural resources and 

economize energy, weight reduction has been the main 

focus of automobile manufacturers 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 

automobiles as it accounts for 10% - 20% of the weight. In 

these paper overviews of various works are done. This paper 

tries to give an idea about the previous researches & their 

finding about Finite element analysis and Experimentation 

with fatigue characteristics of composite multi-leaf spring. 
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I. INTRODUCTION 

Increasing competition and innovations in automobile sector 

tends to modify the existing products or replacing old 

products by new and advanced material products. A 

suspension system of vehicle is also an area where these 

innovations are carried out regularly. More efforts are taken 

in order to increase the comfort of user. Appropriate balance 

of comfort riding qualities and economy in manufacturing of 

leaf spring becomes an obvious necessity. To improve the 

suspension system many modification have taken place over 

the time. Inventions of parabolic leaf spring, use of 

composite materials for these springs are some of these 

latest modifications in suspension systems. The 

implementation of composite materials by replacing steel in 

conventional leaf springs of a suspension system. 

Automobile-sector is showing an increased interest in the 

area of composite material-leaf springs due to their high 

strength to weight ratio.  

Therefore analysis of composite material leaf 

springs has become essential in showing the Comparative 

results with conventional leaf springs. Leaf springs are one 

of the oldest suspension components they are still frequently 

used, especially in commercial vehicles. The past literature 

survey shows that leaf springs are designed as generalized 

force elements where the position, velocity and orientation 

of the axle mounting gives the reaction forces in the chassis 

attachment positions.  

Another part has to be focused, is the automobile 

industry has shown increased interest in the replacement of 

steel spring with composite leaf spring due to high strength 

to weight ratio. Therefore, analysis of the composite 

material becomes equally important to study the behavior of 

Composite Leaf Spring. 

II. NONLINEAR ANALYSIS OF LEAF SPRINGS OF 

FUNCTIONALLY GRADED MATERIALS 

Dipendra Kumar Roy and KashiNathSaha [1] study deals 

with the numerical analysis of large deflection of prismatic 

cantilever beams for various types of material properties 

with a transverse load at free end, to study the displacement 

response of leaf springs. Besides the free end displacement, 

the variation of stress, strain and the bending moment of the 

beam having variable material properties with the beam 

length are obtained by the technique of minimization of total 

potential energy. The mathematical formulation is based on 

a variational principle using Galerkin’smethod. The 

displacement functions are approximated by linear 

combination of sets of orthogonal coordinate functions, 

developed through Gram-Schmidt scheme and substituted in 

the governing equilibrium equation. The final solution of the 

large displacement geometric nonlinear problem is obtained 

iteratively with the help of MATLAB computational 

simulation. It is observed that the free end displacements 

and the shortening of projected beam length are greatly 

affected by the variation in elasticity modulus value. The 

present computational method has been validated and some 

new results have been furnished. The influence of material 

gradation for various types of exponential and parabolic 

distribution is shown for three different types of loading. 

III. MODELLING AND ANALYSIS OF COMPOSITE LEAF SPRING 

UNDER THE STATIC LOAD CONDITION BY USING FEA 

M. M. Patunkar, D. R. Dolas [3] work on comparative 

analysis of conventional steel leaf spring is done with a 

virtual model of a composite leaf spring under static load 

condition only. Conventional leaf spring is first tested under 

static load condition by using Hydraulic Static Load Test 

Rig. Mounting of the leaf spring is done by keeping it in 

inverted manner on the test bed. Two eye ends are held in 

the clamping devices and load is applied from the top, at the 

center of leaf spring. The spring is loaded from zero to 

maximum load (i.e. 25 Kg) and again back to zero. The 

vertical deflection of the spring is recorded in the load 

interval of 5 Kg and specified as per the SOP prescribed by 

SAE. To measure the load dial indicator is used which is 

located beside the Test Rig and deflection is measured by 

strain gauges located at the clamping of the test rig. Under 

the same static load conditions deflection and stresses of 

steel leaf spring and composite leaf spring are found with 

the great difference. Deflection of Composite leaf spring is 

less as compared to steel leaf spring with the same loading 

condition. 
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IV. EVOLUTION OF THE EYE-END DESIGN OF A LEAF SPRING 

FOR HEAVY AXLE LOADS 

J.P. Hou,J.Y. Cherruault, I. Nairne, G. Jeronimidis, R.M. 

Mayer [4] work on the design evolution process of a 

composite leaf spring for freight rail applications. The 

designs of eye-end attachment for composite leaf springs are 

described. The material used is glass fibers reinforced 

polyester. Fiber-reinforced composites are composed of 

axial particulates embedded in a matrix material. The 

objective of fiber-reinforced composites it to obtain a 

material with high specific strength and high specific 

modulus. (i.e. high strength and high elastic modulus for its 

weight.) The strength is obtained by having the applied load 

transmitted from the matrix to the fibers. Hence, interfacial 

bonding is important. Static testing and finite element 

analysis have been carried out to obtain the characteristics of 

the spring. Load–deflection curves and strain measurement 

as a function of load for the three designs tested have been 

plotted for comparison with FEA predicted values.  

V. ANALYTICAL AND EXPERIMENTAL STUDIES ON FATIGUE 

LIFE PREDICTION OF STEEL AND COMPOSITE MULTI-LEAF 

SPRING FOR LIGHT PASSENGER VEHICLES USING CAE 

Mouleeswaran S Kumar, SabapathyVijayarangan [5] 

concludes that Design and experimental fatigue analysis of 

composite multi leaf spring using glass fibre reinforced 

polymer are carried out using life data analysis. Compared 

to steel spring, the composite leaf spring is found to have 

67.35 % lesser stress, 64.95 % higher stiffness and 126.98 % 

higher natural frequency than that of existing steel leaf 

spring. The conventional multi leaf spring weighs about 

13.5 kg whereas the E-glass/Epoxy multi leaf spring weighs 

only 4.3 kg. Thus the weight reduction of 68.15 % is 

achieved. Besides the reduction of weight, the fatigue life of 

composite leaf spring is predicted to be higher than that of 

steel leaf spring. Life data analysis is found to be a tool to 

predict the fatigue life of composite multi leaf spring. It is 

found that the life of composite leaf spring is much higher 

than that of steel leaf spring. 

VI. ANALYSIS AND OPTIMIZATION OF A COMPOSITE LEAF 

SPRING 

Mahmood M. Shokrieh, DavoodRezaei [6] work on a steel 

leaf spring used in the rear suspension of light passenger 

cars was analyzed by two analytical and finite element 

methods. The experimental results verified the analytical 

and the finite element solutions. The steel leaf spring was 

replaced with an optimized composite one. Main 

consideration was given to the optimization of the leaf 

spring geometry. The objective was to obtain a spring with 

minimum weight that is capable of carrying given static 

external forces by constraints limiting stresses and 

displacements. The results showed that the optimum spring 

width decreases hyperbolically and the thickness increases 

linearly from spring eye towards the axle seat. The stresses 

in the composite leaf spring are much lower than that of the 

steel spring.  

VII. OPTIMAL DESIGN OF A COMPOSITE LEAF SPRING USING 

GENETIC ALGORITHMS DATE SIGNATURE 

I. Rajendran, S. Vijayarangan [7] work on a formulation and 

solution technique using genetic algorithms (GA) for design 

optimization of composite leaf springs is presented here. 

The suspension system in an automobile significantly affects 

the behaviour of vehicle, i.e. vibrational characteristics 

including ride comfort, directional stability, etc. Leaf 

springs are commonly used in the suspension system of 

automobiles and are subjected to millions of varying stress 

cycles leading to fatigue failure. If the unsprung weight is 

reduced, then the fatigue stress induced in the leaf spring is 

also reduced. Leaf spring contributes for about 10±20% of 

unsprungweight.This paper presents an artificial genetics 

approach for the design optimization of composite leaf 

spring. On applying the GA, the optimum dimensions of a 

composite leaf spring have been obtained, which contributes 

towards achieving the minimum weight with adequate 

strength and stiffness. A re-duction of 75.6% weight is 

achieved when a seven-leaf steel spring is replaced with a 

mono-leaf composite spring under identical conditions of 

design parameters and optimization. 

VIII. AUTOMOBILE LEAF SPRINGS FROM COMPOSITE 

MATERIAL 

H.A. Al-Qureshi [8] work on The development of a GFRP 

single leaf spring having constant width, where the stress 

level at any station in the leaf spring is considered constant 

due to the parabolic tape of the thickness of the spring, has 

proved to be very effective. Such a spring normally has 

lower exure stress but higher nominal shear stress. In 

general, this study demonstrated that composites can be used 

for leaf springs for light trucks (jeeps) and meet the 

requirements, together with substantial weight saving. 

However, in the case of automobiles, the significant weight 

reduction may not cause the technological impact that it 

would for aircraft. Other work has shown that composite 

leaf springs have better fatigue behavior than steel springs. 

Needless to say, the hybridization technique can be used 

effectively to improve weight saving and performance in the 

automotive industry. 

IX. CONCLUSION 

From the literature review it is observed that, the suspension 

system in a vehicle significantly affects the behavior of 

vehicle, i.e. vibration characteristics including ride comfort, 

stability etc. 

Above literature study will be helpful in 

calculations of stress, strain, bending moment, of composite 

leaf spring. Also it is possible to calculate payloads and 

evaluate the experimental fatigue analysis process for 

composite multi leaf spring.  
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