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ABSTRACT 

A leaf spring is a simple form of spring, commonly used for the suspension 

in heavy vehicles. The automobile industry has shown increased interest in the 

replacement of steel spring with fiber glass composite leaf spring due to high 

strength to weight ratio. 

 

Present the material used for leaf spring is Steel. The material is replaced 

with composites since they are less dense than steel and have good strength, whose 

density is more thereby increasing the overall weight of the leaf spring. The 

composites used are S2–Glass Fiber and Epoxy Matrix Composite reinforced by 

50% Kevlar fibers. 

 

The design is done for leaf spring using Mild Steel, S2–Glass Fibre and 

Epoxy Matrix Composite reinforced by 50% Kevlar fibres and all the models are 

designed in Pro/Engineer.  

 

Keywords— Leaf spring, Composite Material, Design 

 

INTRODUCTION 

 A composite material is a combination of two or more materials of which 

performance characteristics exceed those which are not achievable from its individual 

components. The purpose of composites is to allow the new material to have strengths 

from both materials, often times covering the original materials weaknesses. 

Composites are different from alloys because alloys are combined in such a way that 

it is impossible to tell one particle, element, or substance from the other. The 

individual materials that make up composites are called constituents. Most 

composites have two constituent materials: a binder or matrix, and reinforcement. 

The reinforcement is usually much stronger and stiffer than the matrix, and gives the 

composite its good properties. The matrix holds the reinforcements in an orderly 

pattern. When the reinforcements are discontinuous, the matrix also helps to transfer 

load among the reinforcements. Some common composite materials include concrete, 

fiber glass, mud bricks, and natural composites such as rock and wood. 
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Types of reinforcement phase 

 Particulate. 

 Discontinuous fiber. 

 Continuous fiber. 

 

A particle has roughly equal dimensions in all directions, though it doesn't 

have to be spherical. Gravel, micro balloons, and resin powder are examples of 

particulate reinforcements. 

 

Reinforcements become fibers when one dimension becomes long compared 

to others. Discontinuous reinforcements (chopped fibers, milled fibers, or whiskers) 

vary in length from a few millimeters to a few centimeters. Most fibers are only a few 

microns in diameter, so it doesn't take much length to make the transition from 

particle to fiber. With either particles or short fibers, the matrix must transfer the load 

at very short intervals. Thus, the composite properties cannot come close to the 

reinforcement properties. With continuous fibers, however, there are few if any 

breaks in the reinforcements. Composite properties are much higher, and continuous 

fibers are therefore used in most high performance components, be they aerospace 

structures or sporting goods. 

 

Types of Matrix phase  

 Metal Matrix 

 Ceramic Matrix 

 Polymer Matrix 

 

 In general, metals and polymers are used as matrix materials because some 

ductility is desirable; for ceramic-matrix composites, the reinforcing component is 

added to improve toughness. In polymer composites , fibrous materials e.g. ,synthetic 

or natural, serve either as filler or as reinforcement by giving strength ,stiffness 

structure and influenced the insulating and dielectric properties, while polymer matrix 

serves as the adhesive to hold the  fibers in place. 

 

Natural fibers have been extensively used as reinforcements into polymer 

matrices as an alternate to the commonly used synthetic fibers like carbon, glass or 

aramid because of their low-density good mechanical and dielectric properties, 

abundant availability and bio-degradability. Generally the properties of composite 

material are strongly influenced by the properties of its constituents. 

 

Most used reinforcement (glass fibre) 

Most used reinforcement in Composites is the glass fibre it doesn‘t give best 

solution to environmental problems, it required massive amount of energy to produce, 

and contains abrasiveness. 
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Alternatives for glass fibre 

Instead of glass fibre we can also use natural fibres to prepare the composites. 

A number of researches have been reported on natural fiber reinforced thermo settings 

and thermoplastics composites, which have successfully proven their applicability in 

different kind of fields. Thermoplastics and thermo settings such as polyethylene, 

polypropylene, polyvinyl chloride, polystyrene, polylatice acid, and epoxy resin have 

been compounded with natural and bio fibers such as wood, kenaf, rice husk, hemp, 

cotton, chicken feather, and coir dust etc. 

 

 
Fig- Natural Fibers 

 

 
Fig- Natural Fibers 

 

SUSPENSION 

 Suspension is the term given to the system of springs, shock absorbers and 

linkages that connects a vehicle to its wheels. Suspension systems serve a dual 

purpose – contributing to the car's road holding/handling and braking for good active 

safety and driving pleasure, and keeping vehicle occupants comfortable and 

reasonably well isolated from road noise, bumps, and vibrations, etc. These goals are 

generally at odds, so the tuning of suspensions involves finding the right compromise. 

It is important for the suspension to keep the road wheel in contact with the road 

surface as much as possible, because all the forces acting on the vehicle do so through 

the contact patches of the tires. The suspension also protects the vehicle itself and any 

cargo or luggage from damage and wear. The design of front and rear suspension of 

a car may be different. 

http://en.wikipedia.org/wiki/Car_handling
http://en.wikipedia.org/wiki/Brake
http://en.wikipedia.org/wiki/Rear_suspension
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Classifications and Examples 
Suspension systems for automobiles are normally divided into two 

categories: 

• Solid Axle 

• Independent 

 

A solid axle suspension is one where the wheels on either side of the vehicle 

are connected by a rigid axle.  Often this rigid beam is a drive axle itself.  Independent 

suspensions use independent mechanisms on either side of the vehicle to control the 

wheel, allowing each wheel to move independently of the other.  The relative 

advantages and disadvantages are listed below: 

 

Leaf Springs 

Leaf springs were the suspension of choice in the early days of the 

automobile. They have the advantage of using the same mechanism to control the 

wheel and provide the necessary spring force.  They are simple, inexpensive, and easy 

to manufacture.  Nowadays it is widely used in heavy duty vehicles and work 

machines.  

 

 
Fig- Parabolic Leaf Spring 

 

DESIGN OF LEAF SPRING 

 A leaf spring can either be attached directly to the frame at both ends or 

attached directly at one end, usually the front, with the other end attached through a 

shackle, a short swinging arm. The shackle takes up the tendency of the leaf spring to 

elongate when compressed and thus makes for softer springiness. Some springs 

terminated in a concave end, called a spoon end (seldom used now), to carry a 

swiveling member. 
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  There were a variety of leaf springs, usually employing the word "elliptical". 

"Elliptical" or "full elliptical" leaf springs referred to two circular arcs linked at their 

tips. This was joined to the frame at the top center of the upper arc, the bottom center 

was joined to the "live" suspension components, such as a solid front axle. Additional 

suspension components, such as trailing arms, would be needed for this design, but 

not for "semi-elliptical" leaf springs as used in the Hotchkiss drive. That employed 

the lower arc, hence its name. "Quarter-elliptic" springs often had the thickest part of 

the stack of leaves stuck into the rear end of the side pieces of a short ladder frame, 

with the free end attached to the differential, as in the Austin Seven of the 1920s. As 

an example of non-elliptic leaf springs, the Ford Model T had multiple leaf springs 

over its differential that was curved in the shape of a yoke. As a substitute for dampers 

(shock absorbers), some manufacturers laid non-metallic sheets in between the metal 

leaves, such as wood. 

 
Fig- Traditional Leaf Spring Arrangement 

 

A leaf spring is a long, flat, thin, and flexible piece of spring steel or 

composite material that resists bending. The basic principles of leaf spring design and 

assembly are relatively simple, and leafs have been used in various capacities since 

medieval times. Most heavy duty vehicles today use two sets of leaf springs per solid 

axle, mounted perpendicularly to support the weight of the vehicle. This Hotchkiss 

system requires that each leaf set act as both a spring and a horizontally stable link. 

Because leaf sets lack rigidity, such a dual-role is only suited for applications where 

load-bearing capability is more important than precision in suspension response. 

 

SPRING MATERIALS 

Springs are manufactured using either the hot or the cold working process. 

The selection of the process depends upon the spring index, the type of the material, 

and the size of the wire. Springs having wire diameters larger than 12 mm are 

generally wound hot and then they are heat treated to get the required properties. A 

pre-hardened wire is not recommended if the spring index is less than 4 or if the 

diameter of the wire is less than 4 mm. winding of the springs by cold wound method 

induces residual stress due to bending. These stresses are relieved by mild heat 

treatment or by shot peening method. 

 

Springs are used to absorb energy which is proportional to the square of the 

stress induced. Therefore, it is always advantageous to use those materials which 

permit operation at high stresses. A wide variety of spring materials are available to 

http://en.wikipedia.org/wiki/Spring_steel
http://en.wikipedia.org/wiki/Leaf_springs
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the designer. The most commonly used materials are plain carbon steel, music wire, 

alloy steel, stainless steel, and non-ferrous metals such as brass, bronze, copper and 

beryllium, etc. The BIS has recommended four basic varieties of steels for various 

applications.  

 

(i) Patented and cold drawn steel 

(ii) Oil hardened unalloyed steel 

(iii) Oil hardened alloy steel 

(iv) Mild steel 

 

TYPES OF LEAF SPRING 

Flat springs 

A thin plate, supported at one end and loaded at the other, or supported at both 

ends and loaded at the mid span, can be used as a spring. 

 

 
 

 

Maximum stress in the plate is given by 2
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 similarly for the leaf or plate of figure, the maximum stress is  2
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The above analysis shows that a plate of span 2L, supported at ends, and 

carrying a central load 2W, can be treated as a cantilever for calculation of stress and 

deflection. 
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Laminated Springs 

If the plate of width B shown in figure is cut into i number of strips, each of 

width b, and placed over one another as shown in figure, the equations of stress and 

deflection will remain the same,  
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Similarly plate can be changed, without change in stress and deflection 

equations 
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Thus the formulas for multiple leaf-springs (usually called as laminated leaf-

springs) are the same as those of equivalent single leaf-springs 

 

TYPES OF SUSPENSION SYSTEMS 

Plastic Suspension 

 Viberitis P.A of TURINE has developed a new type of suspension based upon 

the use of resilient plastic rings in compression. The suspension consists of a 

cylindrical container secured to the chassis, a shaft attached to the axle and free to slide 

within the plastic rings contained in the cylinder, there are two centering rings, the 

bottom one fixed to the lower end of the cylinder and the upper one is arranged as high 

as possible keeping in consideration that in the rebound position shaft must remain 

supported by it by the plastic rings and absorb the vertical dynamic load. 

 

Independent Suspension 

 When a vehicle with rigid axle suspension encounters road irregularities the 

axle tilts and the wheels no longer remain vertical. This causes the whole   of the 

vehicle to tilt on one side. Such a state of affairs is not desirable. Apart from causing 

rough ride, it causes ‘wheel wobble’. The road adhesion is also decreased. To avoid 

this, the wheels are sprung independent of each other, so that tilting of one does not 

affect the other. 
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Front Wheel Independent Suspension 

 Independent suspension has become almost universal in the case of front axle, 

due to the simplicity of such a suspension system. 

 

Rear Wheel Independent Suspension 

 Though the rear wheels are not to be steered, yet there is a considerable 

difficulty in the rear wheel springing if the power has to be transmitted to the rear 

wheel. But even the rear wheel independent springing is coming into prominence 

because of its distinct advantages over the rigid axle type. 

 

Wishbone type suspension 

  The use of coil springs in the front axle suspension of car is now almost 

universal. It consists of upper and the lower wishbone arms pivoted to the frame 

member. The spring is placed in between the lower wishbone and the underside of 

the cross member. The vehicle weight is transmitted from the body and the cross 

member to the coil spring through which it goes to the lower wishbone member.  

 

Mac Pherson Strut Type of Suspension 
  In this layout only lower wishbone are used. A strut containing shock 

absorbing and the spring carriers also the stub axle on which the wheel is mounted. 

The wishbone is hinged to the cross member and positions the wheel as well as resists 

accelerating, braking and side forces. This system is simpler than double wishbone 

type described above and is also lighter, keeping the un-sprung weight lower. This 

type of suspension gives the maximum room in the engine compartment and is, 

therefore commonly used on front wheel drive cars. In India this system has been 

used in Maruti (Suzuki) 800 cars. 

 

Design Procedure 

The design of a leaf spring that is subjected to static loading involves a trial-

and-error solution methodology. While designing such a spring, the designer has to 

consider the following factors. 

(a) It should be able to carry the designed load. 

(b) It should have the required load—deflection characteristics. 

(c) It should not buckle under load. 

(d) It should also satisfy the given set of constraints, namely the space limitation, the 

minimum height, the desired life, the specific vibrational characteristics, etc. 

 

Design of Laminated Leaf springs 

In the manufacturing of leaf springs the ends of the leaves are rounded or 

chamfered. The leaves are usually curved. Further the addition of clips and the interleaf 

friction changes the load deflection characteristics of the spring. The interleaf friction 

increases the load carrying capacity by 2 to 12% depending upon the number of leaves 

and lubrication condition.  



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY ADVANCED RESEARCH TRENDS 
ISSN : 2349-7408  
VOLUME IV, ISSUE 1(1) JANUARY, 2017 

 158 

a. The above conditions alter slightly the stress and deflection equations derived 

in the previous topic.  

b. The central bolt weakens the spring and hence shrunk bands are used for heavy 

springs. U-bolts which hold the spring to the seat, however, reduce the bending 

stresses at the plane of central bolt. 

 

 
Fig- Terminology of Laminated Leaf Spring 

 

The rebound-clips prevent the entry of dirt and grit during the rebound. 

Sometimes to protect the spring from excessive stress during rebound, short rebound 

leaves are be placed above the master leaf. 

 

The unloaded spring is curved or cambered. The magnitude of the camber is 

usually such that the spring is approximately straight under the full load. 

 

Shackles at one or both ends permit small fluctuations in spring length. 

Usually the number of leaves is 5 to 10 with width b in the range of 45 to 100 mm. For 

springs subjected to static loads or only occasional load variations, a factor of safety 

of 1.5 is sufficient. For springs subjected to frequent load variations a factor of safety 

of 1.5 based on endurance strength or 2 to 2.5 based on elastic limit is to be used. Due 

consideration should be given to the shock effect, if present. 

 

For the purpose of analysis, the leaves are divided into two groups namely 

master leaf along with graduated-length leaves forming one group and extra full-length 

leaves forming the other. The following notations are used in the analysis:  

nf = number of extra full-length leaves  

ng =number of graduated-length leaves including master leaf  

n= total number of leaves  

b= width of each leaf (mm)  

t= thickness of each leaf (mm)  

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

F= force applied at the end of the spring (N)  

Ff=portion of F taken by the extra full-length leaves (N) 

Fg= portion of F taken by the graduated-length leaves (N) 
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Fig-Laminated leaf springs in Pro-E      Fig- 2D Drawing of leaf spring for Mild steel 

  
 

Fig- 2D Drawing of leaf spring for S2 Glass/Epoxy      Fig- 2D Drawing of leaf spring for Kevlar/ Epoxy 

 

Conclusions 

In this thesis a leaf spring is designed for three different materials Mild Steel, 

composite materials S2–Glass fibre and Epoxy matrix composite reinforced by 50% 

Kevlar fibers. Present used material for leaf spring is Steel. In this thesis, the material 

is replaced with composites since they are less dense than steel and have good strength. 

The composites used are S2–Glass Fiber and Epoxy Matrix Composite reinforced by 

50% Kevlar fibers. 

 

SCOPE OF FUTURE WORK 

 The present work opens up a wide area for future investigators to explore 

many aspects of composites on fiber reinforced polymers. They are: 

 

The work should be extended to study other properties composites such as 

dielectric strength, thermal conductivity, and chemical resistance. 

 

The usage of different types of environmental treatment with different time 

intervals can be studied for bio wastes based thermoplastic composites. 
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