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ABSTRACT 

The automobile vehicles have number of parts which can be able to replace by composite material, but due to the improvement of 
mechanical properties of composite material. It has more elastic strength and high strength to weight ratio has compared with those of steel material. 
So, out of many components one of the components of automobile, the leaf spring which use for carried out the whole weight of the vehicle is best 
option for replacement of steel material by composite material.  

In this thesis, a leaf spring is designed for Ashok Leyland Viking heavy vehicle. The data is collected from ansys software for the 
specifications of the model. The leaf spring is designed for the load of 14087.5N. Theoretical calculations have been calculated for leaf spring 
dimensions at different cases like varying thickness, camber, span and no. of leaves by mathematical approach. In this thesis, analysis have been done 
by taking materials steel, carbon Epoxy. Structural and modal analysis are conducted on total assembly of leaf spring and for single leaf by using 
layer stacking analysis, this analysis is done for only composites. The results show:  

The stresses in the composite leaf spring of design are much lower than that of the allowable stress. Weight of the composite spring by 
using material S2 Glass epoxy 5 times less than steel. For less weight of the spring mechanical efficiency will be increased.     
 
Keywords: Steel, Composite Materials, Catia V5, Ansys 14.5. 
 
 
INTRODUCTION 
1.1 INTRODUCTION TO COMPOSITE MATERIALS 

A composite material can be defined as a combination of two or more materials that results in better properties than those of the individual 
components used alone. In contrast to metallic alloys, each material retains its separate chemical, physical, and mechanical properties. The two 
constituents are reinforcement and a matrix. The main advantages of composite materials are their high strength and stiffness, combined with low 
density, when compared with bulk materials, allowing for a weight reduction in the finished part. The reinforcing phase provides the strengthand 
stiffness. In most cases, the reinforcement is harder, stronger, and stiffer than the matrix. The reinforcement is usually a fiber or a particulate. 
Particulate composites have dimensions that are approximately equal in all directions. They may be spherical, platelets, or any other regular or 
irregular geometry. Particulate composites tend to be much weaker and less stiff than continuous fiber composites, but they are usually much less 
expensive. Particulate reinforced composites usually contain less reinforcement (up to 40 to 50 volume percent) due to processing difficulties and 
brittleness. A fiber has a length that is much greater than its diameter. The length-to-diameter (l/d) ratio is known as the aspect ratio and can vary 
greatly. Continuous fibers have long aspect ratios, while discontinuous fibers have short aspect ratios. Continuous-fiber composites normally have a 
preferred orientation, while discontinuous fibers generally have a random orientation. Examples of continuous reinforcements include unidirectional, 
woven cloth, and helical winding. while examples of discontinuous reinforcements are chopped fibers and random mat Continuous-fiber composites 
are often made into laminates by stacking single sheets of continuous fibers in different orientations to obtain the desired strength and stiffness 
properties with fiber volumes as high as 60 to 70 percent. Fibers produce high-strength composites because of their small diameter; they contain far 
fewer defects (normally surface defects) compared to the material produced in bulk. As a general rule, the smaller the diameter of the fiber, the 
higher its strength, but often the cost increases as the diameter becomes smaller. In addition, smaller-diameter high-strength fibers have greater 
flexibility and are more amenable to fabrication processes such as weaving or forming over radii. Typical fibers include glass, armed, and carbon, 
which may be continuous or discontinuous. The continuous phase is the matrix, which is a polymer, metal, or ceramic. Polymers have low strength 
and stiffness, metals have intermediate strength and stiffness but high ductility, and ceramics have high strength and stiffness but are brittle. The 
matrix (continuous phase) performs several critical functions, including maintaining the fibers in the proper orientation and spacing and protecting 
them from abrasion and the environment. In polymer and metal matrix composites that form a strong bond between the fiber and the matrix, the 
matrix transmits loads from the matrix to the fibers through shear loading at the interface. In ceramic matrix composites, the objective is often to 
increase the toughness rather than the strength and stiffness; therefore, a low interfacial strength bond is desirable. The type and quantity of the 
reinforcement determine the final properties. That the highest strength and modulus are obtained with continuous-fiber composites. The technique 
Strength of discontinuous-fiber composites can approach that of continuous-fiber composites if their aspect ratios are great enough and they are 
aligned, but it is difficult in practice to maintain good alignment with discontinuous fibers. Discontinuous-fiber composites are normally somewhat 
random in alignment, which dramatically reduces their strength and modulus. However, discontinuous-fiber composites are generally much less 
costly than continuous-fiber composites. Therefore, continuous-fiber composites are used where higher strength and stiffness are required (but at a 
higher cost), and discontinuous-fiber composites are used where cost is the main driver and strength and stiffness are less important. 
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Fig: 1.1 composites processing 
 

In now a day the fuel efficiency and emission gas regulation of automobiles are two important issues. To fulfill this problem the automobile 
industries are trying to make new vehicle which can provide high efficiency with low cost. The best way to increase the fuel efficiency is to reduce 
the weight of the automobile. The weight reduction can be achieved primarily by the introduction of better material, design optimization and better 
manufacturing processes. The achievement of weight reduction with adequate improvement of mechanical properties has made composite a very 
good replacement material for conventional steel. In automobile, one of its components which can be easily replaced is leaf spring. A leaf spring is a 
simple form of spring, commonly used for the suspension in wheeled vehicles. The automobile sector is introducing a number of cars which are 
newly designed, modified with replacing new parts with advanced and composite material for better Comfort ride, low weight and having better 
mechanical properties. Increase fuel efficiency and to reduce the pollution the commercial vehicle. 

 
1.2 TYPES OF COMPOSITE MATERIALS 
1.2.1 Polymer Matrix Composites (PMC)/Carbon Matrix Composites or Carbon-Carbon Composites: 

Polymers make ideal materials as they can be processed easily, possess lightweight, and desirable mechanical properties. It follows, 
therefore, that high temperature resins are extensively used in aeronautical applications. Two main kinds of polymers are thermo sets and 
thermoplastics. Thermo sets have qualities such as a well-bonded three-dimensional molecular structure after curing. They decompose instead of 
melting on hardening. Merely changing the basic composition of the resin is enough to alter the conditions suitably for curing and determine its other 
characteristics. They can be retained in a partially cured condition too over prolonged periods of time, rendering Thermo sets very flexible. Thus, 
they are most suited as matrix bases for advanced conditions fiber reinforced composites. Thermo sets find wide ranging applications in the chopped 
fiber composites form particularly when a premixed or molding compound with fibers of specific quality and aspect ratio happens to be starting 
material as in epoxy, polymer and phenol polyamide resins.  Thermoplastics have one- or two-dimensional molecular structure and they tend to at an 
elevated temperature and show exaggerated melting point. Another advantage is that the process of softening at elevated temperatures can reversed to 
regain its properties during cooling, facilitating applications of conventional compress techniques to mould the compounds. Resins reinforced with 
thermoplastics now comprised an emerging group of composites. The theme of most experiments in this area to improve the base properties of the 
resins and extract the greatest functional advantages from them in new avenues, including attempts to replace metals in die-casting processes. In 
crystalline thermoplastics, the reinforcement affects the morphology to a considerable extent, prompting the reinforcement to empower nucleation. 
Whenever crystalline or amorphous, these resins possess the facility to alter their creep over an extensive range of temperature. But this range 
includes the point at which the usage of resins is constrained, and the reinforcement in such systems can increase the failure load as well as creep 
resistance.  
         

 
FIG: 1.2 THEMO PLASTICS 

 
A small quantum of shrinkage and the tendency of the shape to retain its original form are also to be accounted for. But reinforcements can 

change this condition too. The advantage of thermoplastics systems over thermosets are that there are no chemical reactions involved, which often 
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result in the release of gases or heat. Manufacturing is limited by the time required for heating, shaping and cooling the structures. Thermoplastics 
resins are sold as mounding compounds. Fiber reinforcement is apt for these resins. Since the fibers are randomly dispersed, the reinforcement will 
be almost isotropic. However, when subjected to moldings processes, they can be aligned directionally.  There are a few options to increase heat 
resistance in thermoplastics. Addition of fillers raises the heat resistance. But all thermoplastic composites tend lose their strength at elevated 
temperatures. However, their redeeming qualities like rigidity, toughness and ability to repudiate creep, place thermoplastics in the important 
composite materials bracket. They are used in automotive control panels, electronic products encasement etc. Newer developments augur the 
broadening of the scope of applications of thermoplastics. Huge sheets of reinforced thermoplastics are now available and they only require sampling 
and heating to be molded into the required shapes. This has facilitated easy fabrication of bulky components, doing away with the more cumbersome 
moldings compounds. Thermosets are the most popular of the fiber composite matrices without which, research and development in structural 
engineering field could get truncated. Aerospace components, automobile parts, defense systems etc., use a great deal of this type of fiber 
composites. Epoxy matrix materials are used in printed circuit boards and similar areas. 

 
FIG: 1.3 THERMO SETS 

 
Direct condensation polymerization followed by rearrangement reactions to form heterocyclic entities is the method generally used to 

produce thermo set resins. Water, a product of the reaction, in both methods, hinders production of void-free composites. These voids have a negative 
effect on properties of the composites in terms of strength and dielectric properties. Polyester’s phenol and Epoxies are the two important classes of 
thermo set resins.  Epoxy resins are widely used in filament-wound composites and are suitable for moldings prepress. They are reasonably stable to 
chemical attacks and are excellent adherents having slow shrinkage during curing and no emission of volatile gases. These advantages, however, 
make the use of epoxies rather expensive. Also, they cannot be expected beyond a temperature of 140ºC. Their use in high technology areas where 
service temperatures are higher, as a result, is ruled out. Polyester resins on the other hand are quite easily accessible. 

 
1.2.2 METAL MATRIX COMPOSITE (MMC) 

Metal matrix composites, at present though generating a wide interest in research fraternity, are not as widely in use as their plastic 
counterparts. High strength, fracture toughness and stiffness are offered by metal matrices than those offered by their polymer counterparts. They can 
withstand elevated temperature in corrosive environment than polymer composites. Most metals and alloys could be used as matrices and they 
require reinforcement materials which need to be stable over a range of temperature and non-reactive too. However, the guiding aspect for the choice 
depends essentially on the matrix material. Light metals form the matrix for temperature application and the reinforcements in addition to the 
aforementioned reasons are characterized by high module. Most metals and alloys make good matrices. However, practically, the choices for low 
temperature applications are not many. Only light metals are responsive, with their low density proving an advantage. Titanium, Aluminum and 
magnesium are the popular matrix metals currently in vogue, which are particularly useful for aircraft applications. If metallic matrix materials have 
to offer high strength, they require high modulus reinforcements. The strength-to-weight ratios of resulting composites can be higher than most 
alloys. The melting point, physical and mechanical properties of the composite at various temperatures determine the service temperature of 
composites. Most metals, ceramics and compounds can be used with matrices of low melting point alloys. The choice of reinforcements becomes 
more stunted with increase in the melting temperature of matrix materials. 
 
1.2.3 CERAMIC MATRIX MATERIALS (CMM) 

Ceramics can be described as solid materials which exhibit very strong ionic bonding in general and in few cases covalent bonding. High 
melting points, good corrosion resistance, stability at elevated temperatures and high compressive strength, render ceramic-based matrix materials a 
favorite for applications requiring a structural material that doesn’t give way at temperatures above 1500ºC. Naturally, ceramic matrices are the 
obvious choice for high temperature applications. High modulus of elasticity and low tensile strain, which most ceramics possess, have combined to 
cause the failure of attempts to add reinforcements to obtain strength improvement. This is because at the stress levels at which ceramics rupture, 
there is insufficient elongation of the matrix which keeps composite from transferring an effective quantum of load to the reinforcement and the 
composite may fail unless the percentage of fiber volume is high enough. A material is reinforcement to utilize the higher tensile strength of the fiber, 
to produce an increase in load bearing capacity of the matrix. Addition of high-strength fiber to a weaker ceramic has not always been successful and 
often the resultant composite has proved to be weaker. The use of reinforcement with high modulus of elasticity may take care of the problem to 
some extent and presents pre-stressing of the fiber in the ceramic matrix is being increasingly resorted to as an option. When ceramics have a higher 
thermal expansion coefficient than reinforcement materials, the resultant composite is unlikely to have a superior level of strength. In that case, the 
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composite will develop strength within ceramic at the time of cooling resulting in micro cracks extending from fiber to fiber within the matrix. Micro 
cracking can result in a composite with tensile strength lower than that of the matrix. 
 
1.2.4 REINFORCED POLYMERS 

Reinforcements for the composites can be fibers, fabrics particles or whiskers. Fibers are essentially characterized by one very long axis with other 
two axes either often circular or near circular. Particles have no preferred orientation and so does their shape. 

 
Fig: 1.4 rein forced polymers 

 
Reinforcing constituents in composites, as the word indicates, provide the strength that makes the composite what it is. But they also serve 

certain additional purposes of heat resistance or conduction, resistance to corrosion and provide rigidity. Reinforcement can be made to perform all or 
one of these functions as per the requirements. A reinforcement that embellishes the matrix strength must be stronger and stiffer than the matrix and 
capable of changing failure mechanism to the advantage of the composite. This means that the ductility should be minimal or even nil the composite 
must behave as brittle as possible. 
 
1.2.5 Fiber Reinforced Composites/Fiber Reinforced Polymer (FRP) Composites 

Fibers are the important class of reinforcements, as they satisfy the desired conditions and transfer strength to the matrix constituent 
influencing and enhancing their properties as desired. Glass fibers are the earliest known fibers used to reinforce materials. Ceramic and metal fibers 
were subsequently found out and put to extensive use, to render composites stiffer more resistant to heat. Fibers fall short of ideal performance due to 
several factors. The performance of a fiber composite is judged by its length, shape, orientation, and composition of the fibers and the mechanical 
properties of the matrix. 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. Monolayer tapes consisting of continuous or 
discontinuous fibers can be oriented unidirectional stacked into plies containing layers of filaments also oriented in the same direction. More 
complicated orientations are possible too and nowadays, computers are used to make projections of such variations to suit specific needs. In short, in 
planar composites, strength can be changed from unidirectional fiber-oriented composites that result in composites with nearly isotropic properties. 
Properties of angle-plied composites which are not quasi-isotropic may vary with the number of plies and their orientations. Composite variables in 
such composites are assumed to have a constant ratio and the matrices are considered relatively weaker than the fibers. The strength of the fiber in 
any one of the three axes would, therefore be one-third the unidirectional fiber composite, assuming that the volume percentage is equal in all three 
axes. However, orientation of short fibers by different methods is also possible like random orientations by sprinkling on to given plane or addition of 
matrix in liquid or solid state before or after the fiber deposition. Even three-dimensional orientations can achieve in this way. There are several 
methods of random fiber orientations, which in a two-dimensional one, yield composites with one-third the strength of a unidirectional fiber-stressed 
composite, in the direction of fibers. In a 3-dimension, it would result in a composite with a comparable ratio, about less than one-fifth. In very strong 
matrices, module and strengths have not been observed. Application of the strength of the composites with such matrices and several orientations is 
also possible. The longitudinal strength can be calculated on the basis of the assumption that fibers have been reduced to their effective strength on 
approximation value in composites with strong matrices and non-longitudinally orientated fibers. It goes without saying that fiber composites may be 
constructed with either continuous or short fibers. Experience has shown that continuous fibers (or filaments) exhibit better orientation, although it 
does not reflect in their performance. Fibers have a high aspect ratio, i.e., their lengths being several times greater than their effective diameters. This 
is the reason why filaments are manufactured using continuous process. This finished filaments. Mass production of filaments is well known and they 
match with several matrices in different ways like winding, twisting, weaving and knitting, which exhibit the characteristics of a fabric. Since they 
have low densities and high strengths, the fiber lengths in filaments or other fibers yield considerable influence on the mechanical properties as well 
as the response of composites to processing and procedures. Shorter fibers with proper orientation composites that use glass, ceramic or multi-
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purpose fibers can be endowed with considerably higher strength than those that use continuous fibers. Short fibers are also known to their theoretical 
strength. Short-length fibers incorporated by the open- or close-mould process are found to be less efficient, although the input costs are considerably 
lower than filament winding. Most fibers in use currently are solids which are easy to produce and handle, having a circular cross-section, although a 
few non-conventional shaped and hollow fibers show signs of capabilities that can improve the mechanical qualities of the composites. Given the fact 
that the vast difference in length and effective diameter of the fiber are assets to a fiber composite, it follows that greater strength in the fiber can be 
achieved by smaller diameters due to minimization or total elimination of surface of surface defects.  After flat-thin filaments came into vogue, fibers 
rectangular cross sections have provided new options for applications in high strength structures. Owing to their shapes, these fibers provide perfect 
packing, while hollow fibers show better structural efficiency in composites that are desired for their stiffness and compressive strengths.  
 
1.2.6 LAMINAR COMPOSITES 

Laminar composites are found in as many combinations as the number of materials. They can be described as materials comprising of 
layers of materials bonded together. These may be of several layers of two or more metal materials occurring alternately or in a determined order 
more than once, and in as many numbers as required for a specific purpose. Clad and sandwich laminates have many areas as it ought to be, although 
they are known to follow the rule of mixtures from the modulus and strength point of view. Other intrinsic values pertaining to metal-matrix, metal-
reinforced composites are also fairly well known.  Powder metallurgical processes like roll bonding, hot pressing, diffusion bonding, brazing and so 
on can be employed for the fabrication of different alloys of sheet, foil, powder or sprayed materials. It is not possible to achieve high strength 
materials unlike the fiber version. But sheets and foils can be made isotropic in two dimensions more easily than fibers. Foils and sheets are also 
made to exhibit high percentages of which they are put. For instance, a strong sheet may use over 92% in laminar structure, while it is difficult to 
make fibers of such compositions. Fiber laminates cannot over 75% strong fibers. The main functional types of metal-metal laminates that do not 
possess high strength or stiffness are single layered ones that endow the composites with special properties, apart from being cost-effective. They are 
usually made by pre-coating or cladding methods. Pre-coated metals are formed by forming by forming a layer on a substrate, in the form of a thin 
continuous film. This is achieved by hot dipping and occasionally by chemical plating and electroplating. Clad metals are found to be suitable for 
more intensive environments where denser faces are required. There are many combinations of sheet and foil which function as adhesives at low 
temperatures. Such materials, plastics or metals, may be clubbed together with a third constituent. Pre-painted or pre-finished metal whose primary 
advantage is elimination of final finishing by the user is the best-known metal-organic laminate. Several combinations of metal-plastic, vinyl-metal 
laminates, organic films and metals, account for up to 95% of metal-plastic laminates known. They are made by adhesive bonding processes. 

 
1.2.7 Particulate Reinforced Composites (PRC) 

Microstructures of metal and ceramics composites, which show particles of one phase strewn in the other, are known as particle reinforced 
composites. Square, triangular and round shapes of reinforcement are known, but the dimensions of all their sides are observed to be more or less 
equal. The size and volume concentration of the dispersion distinguishes it from dispersion hardened materials. The dispersed size in particulate 
composites is of the order of a few microns and volume concentration is greater than 28%. The difference between particulate composite and 
dispersion strengthened ones is, thus, oblivious. The mechanism used to strengthen each of them is also different. The dispersed in the dispersion-
strengthen materials reinforces the matrix alloy by arresting motion of dislocations and needs large forces to fracture the restriction created by 
dispersion. In particulate composites, the particles strengthen the system by the hydrostatic coercion of fillers in matrices and by their hardness 
relative to the matrix. Three-dimensional reinforcement in composites offers isotropic properties, because of the three systematical orthogonal planes. 
Since it is not homogeneous, the material properties acquire sensitivity to the constituent properties, as well as the interfacial properties and 
geometric shapes of the array. The matrix properties influence the behaviour of particulate composite too. 
 
1.3 INTRODUCTION TO LEAF SPRING 

Originally called laminated or carriage spring, a leaf spring is a simple form of spring, commonly used for the suspension in wheeled 
vehicles. It is also one of the oldest forms of springing, dating back to medieval times. The advantage of leaf spring over helical spring is that the end 
of the springs may be guided along a definite path. Sometimes referred to as a semi-elliptical spring or cart spring, it takes the form of a slender arc-
shaped length of spring steel of 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 striation in the motion of the suspension. For this reason, 
manufacturers have experimented with mono-leaf springs. 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. 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. Leaf springs were very common on automobiles, right up to the 1970s in Europe and Japan and late 70's in 
America when the move to front wheel drive, and more sophisticated suspension designs saw automobile manufacturers use coil springs instead. 
Today leaf springs are still used in heavy commercial vehicles such as vans and trucks, SUVs, and railway carriages. For heavy vehicles, they have 
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the advantage of spreading the load more widely over the vehicle's chassis, whereas coil springs transfer it to a single point. Unlike coil springs, leaf 
springs also locate the rear axle, eliminating the need for trailing arms and a Pan hard rod, thereby saving cost and weight in a simple live axle rear 
suspension. A more modern implementation is the parabolic leaf spring. This design is characterised by fewer leaves whose thickness varies from 
centre to ends following a parabolic curve. In this design, inter-leaf friction is unwanted, and therefore there is only contact between the springs at the 
ends and at the centre where the axle is connected. Spacers prevent contact at other points. Aside from a weight saving, the main advantage of 
parabolic springs is their greater flexibility, which translates into vehicle ride quality that approaches that of coil springs. There is a trade-off in the 
form of reduced load carrying capability, however. The characteristic of parabolic springs is better riding comfort and not as "stiff" as conventional 
"multi-leaf springs". It is widely used on buses for better comfort.  

 
1.4 How Leaf Springs Work 

Before you start your towing trip, it's a good idea to go over a brief checklist -- for safety's sake. You take a good look in your mirrors, 
adjusting them correctly in order to see passing traffic on the road. You've chosen the correct hitch and connected the towing vehicle to the trailer 
properly. The brake lights and braking systems are working synchronously, assuring you of the ride's legality. With everything loaded up, you're 
pretty confident the truck is ready for the job, so you head out on the road toward your destination. Once you reach a steady speed, however, the 
trailer behind your truck starts to bounce and sway a little more than it should. Pulling over to the side of the road, you rack your brains to figure out 
what you missed. You start to wonder if your cargo weight is maybe too high -- but what can you do about it? In this situation, if there's too much 
cargo weighing down a towed vehicle, causing everything to rock and sway, the issue may be with the suspension. If a truck's suspension is too rigid, 
its wheels will often leave the pavement after hitting bumps; a good suspension, on the other hand, keeps the wheels on the ground as much as 
possible. Many towers use leaf springs to stabilize their towed load and to keep their cargo grounded. Although you may not ever have heard about or 
even noticed leaf springs on larger tow vehicles, the technology has been around for centuries and is one of the earliest forms of suspension. Even 
Leonardo da Vinci used leaf springs in his diagram for a self-propelled car. But how do they work? Are there different types of leaf springs? And 
how do you install them onto a vehicle? Semi-elliptic leaf springs are almost universally used for suspension in light and heavy commercial vehicles. 
For cars also, these are widely used in rear suspension The spring consists of a number of leaves called blades. The blades are varying in length. The 
blades are us usually given an initial curvature or cambered so that they will tend to straighten under the load. The leaf spring is based upon the 
theory of a beam of uniform strength. The lengthiest blade has eyes on its ends. This blade is called main or master leaf, the remaining blades are 
called graduated leaves. All the blades are bound together by means of steel straps. The spring is mounted on the axle of the vehicle. The entire 
vehicle load is rests on the leaf spring. The front end of the spring is connected to the frame with a simple pin joint, while the rear end of the spring is 
connected with a shackle. Shackle is the flexible link which connects between leaf spring rear eye and frame. When the vehicle comes across a 
projection on the road surface, the wheel moves up, this leads to deflecting the spring. This changes the length between the spring eyes. Un-sprung 
weight is the weight of vehicle components between the suspension and then road surface. This includes rear axle assembly, steering knuckle, and 
front axle in case of rear drive rigid suspension, wheels, tires and brakes. The sprung weight i.e. the weight supported by the vehicle suspension 
system, includes the frame, body, engine, and the entire transmission system. When the wheels strike against a bump, they vibrate along with other 
unsprung parts which store the energy of the vibrations and then further transmit it to the sprung parts via the springs. Thus, it is seen that greater the 
weight of the unsprung parts, greater will be the energy stored due to vibrations and consequently greater shocks. 

 
1.5 TYPES OF LEAF SPRING 
1. ELLIPTICAL LEAF SPRING 

Leaf springs are commonly called elliptical or semi-elliptical, as they are shaped like a section from an ellipse. Held at both ends and 
loaded in the center, when the three points are in line the leaf spring which started out as an elliptical section will be flat and straight, which is the 
desired end condition, which is why they are shaped like an ellipse to begin with. The typical vintage design leaf spring has a leaf or leaves that are 
made from flat strip stock, equal thickness and equal width for the full length. When a leaf like this is bent by opposing force at three points, it sees 
highest stress at the center point and lowest stress at the end points. Low stress metal in a spring means extra weight required for no useful purpose, 
as the whole spring has to be thick enough in section to withstand the highest stress at the center point with the desired load. Next step is to stack up 
multiple leaves that are progressively shorter. This effectively places more material near the middle of the spring and less material near the ends. This 
reduces stress in the middle and increases stress near the ends. The idea is to have more equal stress over the length of the spring so you don't have 
excess material at the ends, and therefore a lighter spring. Elliptical leaf springs come in quarter, semi, three-quarters and full shapes. For trucks, the 
most commonly used are semi-elliptical springs. These springs have a parabolic shape and appear on both rear and front axles of trucks, and rear 
axles only on cars. Older models of small cars used the less efficient quarter-elliptical leaf springs. These looked like half a semi-elliptical spring. By 
combining this type of elliptical spring with semi-elliptical, manufacturers made three-quarters springs. However, like quarter springs, these fell out 
of favor and only appear on older cars today. Some manufacturers thought that if semi-elliptical leaf springs worked well, putting two of them facing 
each other into a full elliptical spring would be better. This design option failed, though, because the pressure from the spring adversely affected 
alignment. 

 
2. TRANSVERSE LEAF SPRING 

Transverse leaf spring front suspension is a type of automotive front suspension, whose usage is most well known in Ford Motor Company 
products from 1908 to 1948 (1959 for the inexpensive Ford Popular in the UK). "Suicide front axle" is a term that has been used for it. The 
configuration consists of a one-piece axle (solid front axle), to the ends of which the steerable front wheels are mounted. The axle receives its vertical 
and transverse support from a transverse leaf spring (leaf springs were often used for support in more than one direction), and its longitudinal support 
from fore-aft links sometimes called "radius rods" which are attached (via pivots) to the ends of the axle at their forward end and to the sides of 
the chassis (again via pivots) at their aft end. The ends of the transverse leaf spring can either tie to the top of the rods, or to the top of the solid axle. 
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The transverse leaf spring is attached at its center to the center of the chassis's front cross member. Transverse leaf springs have the same shape as 
semi-elliptical models. However, these springs fit under a truck with the base of the curve toward the chassis, rather than facing the ground. In 
addition to their change in orientation, these leaf springs also have a different location from their semi-elliptical counterparts. This upside-down 
installation goes along the sides of the vehicle instead of on the front or rear axles. Today, it's rare to see transverse leaf springs on trucks or other 
vehicles. 

 
3. Mono-Leaf vs. Multi-Leaf Springs 

A multi-leaf spring is not just a bunch of pieces of steel put together. It is an engineered system designed to provide support, stability and 
safety to a vehicle. In a multi-leaf spring, the length and make-up of each leaf is important because each leaf is designed to carry a proportionate 
amount of load and stress. Also, each leaf is designed to provide support to the leaf above and below it. In the event of failure - all springs eventually 
break - this feature will provide support for the vehicle. Mono-leaf springs consist of one plate of spring steel that is thick in the center and tapers out 
to the ends. The amount and length of the taper is critical to the durability and safety of the spring. Contrary to what has been written in magazines by 
people who only sell springs, not make them, mono-leaf springs are inherently dangerous. Remember, all springs have a finite life, that is one day 
they will break. When designing a leaf spring this eventual breaking must be taken into account. What will happen to the spring and the vehicle 
should this failure happen when a vehicle is in motion A correctly designed multi-leaf spring is designed so each leaf carries a proportional amount of 
load, is stressed equally, and will provide support to the vehicle when it fails. The main leaf of the spring attaches the axle to the vehicle. A multi-leaf 
spring consists of a main plate and several supporting leaves. A mono-leaf spring is just a fancy main plate without the supporting leaves. When the 
main plate of a multi-leaf spring breaks in front of the axle, the axle may shift rearward When the mono-leaf breaks in front of the axle, the axle will 
shift rearward. When the main plate of a multi-leaf spring breaks behind the axle most multi-leaf springs will provide enough support to keep the 
body of the vehicle from dropping down onto the tires. When a mono-leaf spring break behind the axle, the body of the vehicle will drop down onto 
the tires. In the case of a multi-leaf spring, it is extremely rare that the axle moves enough to cause a loss of control of the vehicle. However, in the 
case of mono-leaf springs, there is nothing to stop the axle from moving backwards. The number of leaves, their stepping, the placement of the 
rebound clips, whether or not a wrap leaf is used, and the type of axle attachment are all items that should be considered when designing a spring. A 
correctly designed multi-leaf spring will provide support to the main plate upon failure. With the correct placement and style of rebound clips, a main 
plate can be broken without any, or very little, shifting of the axle. In most cases a vehicle with a broken multi-leaf spring, can be safely driven to the 
repair shop. Aftermarket mono-leaf springs are either designed to have an even taper, which is not necessarily the correct taper to keep stress and 
load distributed evenly, or they are overbuilt, resulting in springs which are too strong for the application. Too strong of a spring will not only cause a 
hard ride, they can fail sooner than a correctly designed spring. But more importantly they provide none, repeat, none, of the safety features built into 
a multi-leaf spring - stepping, rebound clips, backing leaves required for support and even distribution of loads and stresses. replacements for the F 
and X body GM cars. Our Chevy II, Nova, Camano, Firebird mono-leaf springs are made directly from the original GM blueprints and match GM's 
design.  
 
1.6 APPLICATIONS OF COMPOSITE MATERIALS 

There are many reasons for the growth in composite applications, but the primary impetus is that the products fabricated by composites are 
stronger and lighter. Today, it is difficult to find any industry that does not utilize the benefits of composite materials. In the past three to four 
decades, there have been substantial changes in technology and its requirement. This changing environment created many new needs and 
opportunities, which are only possible with the advances in new materials and their associated manufacturing technology. In the past decade, several 
advanced manufacturing technology and material systems have been developed to meet the requirements of the various market segments. Broadly 
speaking, the composites market can be divided into the following industry categories: 

1. Aerospace, 2. Automotive, 3. Construction, 4. Marine, 5. Corrosion resistant equipment, 6. Consumer products, appliance/business 
equipment, and 7. Others. 

 
The range of materials can be classified into the categories: (2) Metals, Polymers, Ceramics and inorganic glasses and Composites. Metals lose 

their strength at elevated temperatures. High-Polymeric materials in general can withstand still lower temperatures. Ceramics outstrip metals and 
polymers in their favorable melting points, ability to withstand high temperatures, strength and thermal expansion properties, but due to their 
brittleness they are often unsatisfactory as structural materials. This led to the exploration of composites. Emergence of strong and stiff 
reinforcements like carbon fiber along with advances in polymer research to produce high performance resins as matrix materials have helped meet 
the challenges posed by the complex designs of modern aircraft. The large-scale use of advanced composites in current programmes of development 
of military fighter aircraft, small and big civil transport aircraft, helicopters, satellites, launch vehicles and missiles all around the world is perhaps the 
most glowing example of the utilization of potential of such composite materials. It is to be realized that in order to meet the demands in the above 
table, it is necessary to have materials with a peculiar property-set. The use of composites has been motivated largely by such considerations. The 
composites offer several of these features as given below: 1. Light-weight due to high specific strength and stiffness 2. Fatigue-resistance and 
corrosion resistance 3. Capability of high degree of optimization: tailoring the directional strength and stiffness 4. Capability to mould large complex 
shapes in small cycle time reducing part count and assembly times: Good for thin-walled or generously curved construction 5. Capability to maintain 
dimensional and alignment stability in space environment 6. Possibility of low dielectric loss in radar transparency 7. Possibility of achieving low 
radar cross-section these composites also have some inherent weaknesses: 1. Laminated structure with weak interfaces: poor resistance to out-of-
plane tensile loads 2. Susceptibility to impact-damage and strong possibility of internal damage going unnoticed 3. Moisture absorption and 
consequent degradation of high temperature performance 4. Multiplicity of possible manufacturing defects and variability in material properties. The 
materials systems which have been considered useful in aerospace sector are based on reinforcing fibers and matrix resins given in table 2 and 3, 
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respectively. Most aerospace composites use prepress as raw materials with autoclave moldings as a popular fabrication process. Filament winding is 
popular with shell like components such as rocket motor casings for launch vehicles and missiles.  

 
1.7 ADVANTAGES OF COMPOSITE MATERIALS 
1. Weight reduction – savings in the range 20% - 50% are often quoted  
2. Mechanical properties can be tailored by ‘lay-up’ design, with tapering thicknesses of reinforcing cloth and cloth orientation.  
3. High impact resistance – Kevlar (aramid) armor shields planes, too – for example, reducing accidental damage to the engine pylons which carry 
engine controls and fuel lines.  
4. High damage tolerance improves accident survivability. 
5. ‘Galvanic’ - electrical – corrosion problems which would occur when two dissimilar metals are in contact (particularly in humid marine 
environments) are avoided. Here non-conductive fibre glass plays a roll. 
 
1.8 DISADVANTAGES OF COMPOSITE MATERIALS 
1. Some higher recurring costs,  
2. Higher nonrecurring costs,  
3. Higher material costs,  
4. Non-visible impact damage,  
5. Repairs are different than those to metal structure,  
6. Isolation needed to prevent adjacent aluminium part galvanic corrosion 
 
1.9 ADVANTAGES OF LEAF SPRING 
1. The way the suspension is constructed is really simple and strong, acting as a linkage that holds the axle in position without the need for separate 
linkage. 
2. Extra weight and costs are reduced because of the rear axle location. This eliminates the need for trailing arms and a pan hard rod (AKA track bar). 
3. Leaf springs support the weight of the chassis, making them ideal for commercial vehicles. 
4. They also control axle damping. 
5. The chassis roll can be controlled more efficiently due to the high rear moment centre and wide spring base. If the springs are mounted wider 
apart, the roll tendencies will be less. 
 
1.10 DISADVANTAGES OF LEAF SPRING 
1. They aren’t always the easiest to install – but there is a clear process to follow that makes life   much easier. 
2. The ride comfort isn’t as great because of the inter-leaf friction between each leaf. 
3. Over time, the springs tend to lose shape and can sag. When the sag is uneven, it can alter the cross weight of the vehicle which can affect the 
handling slightly. This can also change the axle-to-mount angle. 
4. Wind-up and vibration can be caused by acceleration and braking torque. The wind-up can also cause nose-diving and rear-end squat. 
 
 
LITERATURE REVIEW 
2.1 LITERATURE REVIEW 
N.P. Doshi, et al. [1] has proposed design modification in existing leaf spring with dynamic load effect consideration by implementing analytical and 
finite element method. Stress and deflection analysis has been carried out by using ANSYS 11.0. They have concluded that on reducing number of 
leaf spring from 17 to 13 weights reduced by 6 kg and cost reduced by 20%. 
G. Gouda, ETC. [2] Has developed finite element models to optimize geometry and material of composite elliptical leaf spring by considering 
spring rate, shear stress and log life as working design constraints. Effect of elasticity ratio on the performance of composite elliptical leaf spring was 
investigated both experimentally & numerically. They have concluded that the composite elliptical leaf spring can be used for both light & heavy 
commercial vehicles with significant weight saving. Composite elliptical leaf spring with elasticity ratio of a/b=2 showed optimum results 
M. M. Petunia, et al. [3] In their work has done modeling and comparative analysis of mono composite leaf spring made of E-Glass/Epoxy 
composite material with conventional 60Si7 steel mono leaf spring under static load conditions. Experimental testing of conventional steel leaf spring 
was done by using Hydraulic Static Load Test Rig under static load conditions. Maximum load during test was 25Kg with a load interval of 5Kg 
started from no load condition. Dial Indicator was used for measuring the load and Strain Gauge was used for deflection measurement. 3-D modeling 
of mono composite leaf spring was done using Pro-E 5.0 and analysis was done using ANSYS 10.0 software. They have compared experimental and 
analytical results of conventional steel mono leaf spring with FEA results of mono composite leaf spring. It has been observed that under similar 
static load conditions deflection in steel leaf spring is greater than that in mono composite leaf spring and stress in mono composite leaf spring is 
greater that in steel leaf spring. They have observed that at maximum static load of 25Kg maximum experimental and analytical stresses in steel and 
composite leaf springs were 92Kgf/mm2 and 89.091Kgf/mm2 respectively and corresponding FEA maximum stress for mono composite leaf spring 
was 295.511Kgf/mm2. Maximum experimental and analytical stiffness of steel leaf spring was 0.156Kg/mm and 0.1606Kg/mm respectively and 
corresponding FEA maximum stiffness of mono composite leaf spring was 0.20Kg/mm. weight of conventional steel leaf spring was 23Kg. whereas 
weight of E-Glass/Epoxy mono leaf spring was 3.59Kg. They have concluded that E-Glass/Epoxy mono leaf spring is the good replacement for the 
conventional steel mono leaf spring. Weight reduction of 84.40% could be achieved by replacing the conventional steel leaf spring with E-
Glass/Epoxy mono leaf spring without affecting performance of spring.  
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Vance Aurora, et al. [4] In their work has done design and analysis of conventional mono leaf spring standard eye end and casted eye end. CAD 
modeling was done in CATIA and analysis was done in ANSYS under similar loading conditions for parameters like deformation, von-misses stress, 
normal stress etc. They have concluded that for similar static load application, when standard eye is replaced with casted eye deflection was increased 
by 5.4%. Von-misses stress was reduced by 3%. Normal stress was increased by 19.08% and minimum factor of safety reduced by 13.1%. Further 
they have concluded that CAE tools are economic and less time consuming with result variation in a specified range as compared to experimental 
testing  
Kumar Krishna, et al. [5] in their work has done design and finite element analysis of conventional SUP9 steel multi leaf spring including two full 
length leaves in which one is with eyed ends and seven graduated length leaves. Finite element modeling was carried out in CATIA V5 R17and was 
imported in ANSYS11 for finite element analysis. Bending stress and deflection observed from the finite element analysis was compared with the 
experimental results under full and half load application. They have observed 0.632% variation in deflection and 10.11% variation in bending stress 
under full load application and 0.632% variation in deflection and 17.95% variation in bending stress under half load application which is negligible. 
They have concluded that CAE tools give batter results with negligible variation and the design was safe from failure under given load conditions.  
Dare Ashok, et al. [6] In their work has done design and structural analysis of composite leaf spring made of glass fiber reinforced polymer (GFRP) 
and conventional leaf spring made of 65Si7 steel. Both steel and composite leaf springs were modeled by taking same dimensions including 2 full 
length springs in which one was with eyed ends and five graduated length leaves. 3D modeling was carried out in Pro-E 4.0 and was imported in 
ANSYS 11 for finite element analysis. They have compared the load carrying capacity, stiffness and weight saving of composite leaf spring with that 
of conventional 65Si7 steel leaf spring. Stress and deflection were the working constraints. Theoretical and finite element analysis results were 
compared. They have observed under static loading conditions there was .442% variation in deflection, .134% variation in bending stress and .515% 
variation in stiffness. Further they have compared the FEA results of conventional steel and composite leaf spring. They have observed that under 
static loading conditions deflection in composite leaf spring was increased by 19% which was within acceptable camber range. Stiffness was 
decreased by 24%. Weight of conventional steel leaf spring was 23 Kg. and that of composite leaf spring were 8 Kg. Weight reductions of 65.2% was 
observed. They have concluded that composite leaf spring absorbs more energy as compared to steel leaf spring which leads to good riding comfort. 
Finite life of composite leaf spring is higher than that of conventional steel leaf spring due to less stress and weight reduction. They have concluded 
that composite leaf spring is an effective replacement for the existing steel leaf spring 
M. Raghavendra, et al. [7] In their work has done design and analysis of mono composite leaf spring. Materials selected for modeling of composite 
leaf spring were E-Glass/Epoxy, S-Glass/Epoxy and Carbon/Epoxy. Dimensions of Maruthi 800 steel mono leaf spring was selected for design and 
analysis. 3-D modeling of conventional steel mono leaf spring with uniform cross-section was done in Pro-E and was imported to ANSYS 10.0 for 
FEA under static load conditions. Theoretical analysis of stress and deflection of steel mono leaf spring has been done. Results of theoretical analysis 
were compared with FEA results. Weight of steel mono leaf spring was 3.79Kg. Whereas corresponding weights of E-Glass/Epoxy, S-Glass/Epoxy 
and Carbon/Epoxy composite mono leaf spring were 1.01Kg, 0.965Kg and 0.762Kg respectively. They have observed that on replacing the 
conventional steel mono leaf spring weight reduction of 73% to 80% was achieved. Further, stress in steel mono leaf spring under the action of 
maximum load of 794.54N was 498.19N/mm2. Corresponding stresses in E-Glass/Epoxy, S-Glass/Epoxy and Carbon/Epoxy composite mono leaf 
spring were 256.05N/mm2, 256.32N/mm2 and 262.56N/mm2 respectively. Stress in composite leaf spring was 47% less than that in steel mono leaf 
spring. Stiffness of composite leaf spring was 25% to 65% higher than that of steel mono leaf spring and frequency of composite leaf spring was 27% 
to 67% higher than that of steel mono leaf spring. They have concluded that Carbon/Epoxy composite mono leaf spring has highest strength and 
stiffness and lowest weight as compared to steel and other composite leaf springs. Further, composite leaf springs are lighter and economical as 
compared to conventional steel leaf spring with same dimensions. 
[8] Mr. Abdul Rahim Abu Talib, Aidy Ali, G. Goudah, Nur Azida Che Lah and A.F. Golestaneh worked on developing a composite based 
elliptic spring for automotive applications. After that using this conclusion, they have change steel leaf spring by composite material and analyze it 
with same loading condition. They concluded that composite elliptical springs have superior fatigue performance than steel. They consider light and 
heavy trucks with steel elliptic spring for analysis of fatigue performance and weight reduction by using ANSYS software. The objective is to 
compare the load carrying capacity, fatigue performance and weight savings of composite leaf spring with that of steel leaf spring. Also, they have 
compared the finite element result of fatigue life and weight reduction with existing analytical and experimental result. The conventional steel leaf 
spring and weight reduction ratio is achieved. 
[9] AshishV.Amrute, Edward Nikhil karlus [3] presented work on design & assessment of leaf spring. Main objective of this work is to compare 
the load carrying capacity, stresses and weight saving of composite leaf spring with that of steel leaf spring. Here the multi leaf spring consist of three 
full length leaves in which one is with eyed ends used by a light commercial vehicle. For analysis of leaf spring Tata ace ex vehicle taken as 
prototype. This work deals with replacement of conventional steel leaf spring of a light commercial vehicle with composite leaves spring using E-
glass/Epoxy. Dimensions of the composite leaf spring are to be taken as same dimension of the conventional leaf spring. The Theoretical and CAE 
results are compared for validation. From results it is proved that the bending stresses are decreased by 25.07% in composite leaf spring means less 
stress induced with same load carrying condition. The conventional multi leaf spring weights about 10.27kg where the E-glass/Epoxy multi leaf 
spring weighs only 3.26 kg. Thus, the weight reduction of 67.88% is achieved by using composite material rather than using steel material. 
[10] Edward Nikhil Karlus [6] in his paper he adds some effort to reduce the mass of the leaf spring to perform optimization of the mono parabolic 
leaf spring (PLS) with the help of their shape parameters. The response parameters taken were Mass, deflection and the maximum vanishes stress, 
whereas for the input various shape parameters e.g., sectional thicknesses, camber, leaf span etc. The optimization of the PLS has been done with the 
help of Adaptive single objective optimization algorithm. The outcome of his work gives better and lighter design for the automotive designer to 
modify the design. By the reduction of weight and controllable stress and deflection, the mass of optimized Carbon- Epoxy composite leaf spring is 
to be lesser than that of steel leaf spring. In totally it is found that the optimized Carbon- By the reduction of weight and controllable stress and 
deflection, the mass of optimized Carbon- Epoxy composite leaf spring is to be lesser than that of steel leaf spring. Which means the proposed new 
(optimized Carbon- Epoxy composite) material and shape can be used to satisfy the second objective. 
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 [11] Pankaj Saini, Ashish Goel and Dushyant Kumar have worked on design and analysis of composite leaf spring for light vehicles. In this 
paper, they consider passenger vehicle with ten-leaf steel spring for analysis of stress and deflection by using ANSYS 9 software. The objective is to 
compare the stresses and weight savings of composite leaf spring with that of leaf spring. The material selected was E-glass/epoxy, carbon epoxy and 
graphite epoxy which is use against conventional steel. The dimensions and the number of leaves for both steel leaf spring and composite leaf springs 
are considered to be the same. From the static analysis results, the von-mises stress in the steel is 453.92 MPa and the von-mises stress in E-glass 
epoxy, Graphite epoxy and Carbon epoxy is 163.22 MPa, 653.68 MPa and 300.30 MPa exiting respectively. The dimensions and the number of 
leaves for both steel leaf spring and composite leaf springs are considered to be the same. They consider design constraints were stresses and 
deflections. From the static analysis results it was found that there is a maximum displacement of 10.16mm in the steel leaf spring and the 
corresponding displacements in E-glass/epoxy, Graphite epoxy, and Carbon epoxy are 15 mm, 15.75 mm and 16.21 mm. From the static analysis 
results, the von-mises stress in the steel is 453.92 MPa and the von-mises stress in E-glass epoxy, Graphite epoxy and Carbon epoxy is 163.22 MPa, 
653.68 MPa and 300.30 MPa exiting respectively. A comparative study has been made between steel and composite leaf spring with respect to 
strength and weight.  
[14] Kumar Krisha and Aggarwal M.L have worked on Computer aided FEA comparison of mono steel and mono GRP leaf spring. In this paper, 
they consider material of the mono steel leaf spring is SUP9 for analysis of stress and deflection by using ANSYS software. The objective is to 
compare the load carrying capacity, stiffness and weight savings of composite leaf spring with that of steel leaf spring. Also, they have compared the 
finite element result of stresses and deflection with existing analytical and experimental result. After that using this result, they have replaced steel 
leaf spring by composite material of GRP (Glass Reinforced Plastic) and analyze it with same loading condition for stresses and deflection. The 
dimensions and the number of leaves for both steel leaf spring and composite leaf springs are to be the same. They consider design constraints were 
stresses and deflections. From the results they concluded that, when steel leaf spring is replaced by composite material (GRP), The deflection is 
reduced by 6.51%. The bending stress in GRP leaf spring is decreased by 83.64% that of steel leaf spring. The material saving 71.85% is obtained by 
weight. 
[15] Y. N. V. Santhosh Kumar, M. Vimal Teja presented work on design and analysis of composite leaf spring. They also discussed that the 
advantages of composite materials like higher specific stiffness and strength, higher strength to weight ratio. This work deals with replacement of 
conventional steel leaf spring with a Mono Composites leaf spring using E-Glass/Epoxy. For this they selected design parameters and analysis of it. 
Main objective of this work is minimizing weight of the composite leaf springs as compared to the steel leaf spring. For this they selected the 
composite material was E-Glass/Epoxy. The leaf spring was designed in ProE and the analysis was done using ANSYS Metaphysics. From results 
they observed that the composite leaf spring weighed only 39.4% of the steel leaf springs for the analyzed stresses. So, from result they proved that 
weight reduction obtained by using composite leaf springs as compared to steel was 60.48 %, and it was also proved that all the stresses in the leaf 
springs were well within the allowable limits and with good factor of safety. It was found that the perpendicular orientation of fibers in the laminate 
offered good strength to the leaf spring. 
 
METHODOLOGY 
3.1 INTRODUCTION OF CATIA: 

Computer aided three dimensional interactive applications as high-end CAD/CAE/CAM tool used worldwide. Catia v5 is developed by 
Dassault Systems. France is a completely re-engineered next generation family of CAD/CAM/CAE software solutions for product lifecycle 
management. Through its exceptionally easy to use state of the art user interface CATIA V5 delivers innovative technologies for maximum 
productivity and creativity from concept to the final product. CATIA V reduces the learning curve as it allows the flexibility of using feature based 
and parametric designs. CATIA V5 provides three basic platforms – P1, P2 and P3. P1 is for small and medium sized process-oriented companies 
which wish to grow towards the large-scale digitized product definition. P2 is for the advanced design engineering companies that require product, 
process and resources modeling. P3 is for the high-end design application and is basically for automotive and aerospace industry where high equality 
surfacing or Class-A surfacing is used for designing. The subject of interpretability offered by CATIA V5 includes receiving legacy data from the 
other CAD systems and even between its own product data management modules. The real benefit is that the links remain associative. As a result, 
any changes made to this external data are notified and the model can be updated quickly. CATIA V5 serves the basic tasks by providing different 
workbenches. A workbench is defined as a specific environment consisting of a set of tools which allows the user to perform specific design tasks in 
a particular area. Computer Aided Design (CAD) is the use of computer software to design a product or an object. Computer Aided 
Manufacturing (CAM) is the use of computer software and hardware to plan, manage and control the operations of a manufacturing plant. Computer 
Aided Engineering is the use of computer software to solve engineering problems and analyze products created using CAD. CATIA is an acronym 
for Computer Aided Three-dimensional Interactive Application. It is one of the leading 3D software used by organizations in multiple industries 
ranging from aerospace, automobile to consumer products. CATIA is a multi-platform 3D software suite developed by Dassault Systems, 
encompassing CAD, CAM as well as CAE. Dassault is a French engineering giant active in the field of aviation, 3D design, 3D digital mock-ups, 
and product lifecycle management (PLM) software. CATIA is a solid modelling tool that unites the 3D parametric features with 2D tools and also 
addresses every design-to-manufacturing process. In addition to creating solid models and assemblies, CATIA also provides generating orthographic, 
section, auxiliary, isometric or detailed 2D drawing views. It is also possible to generate model dimensions and create reference dimensions in the 
drawing views. The bi-directionally associative property of CATIA ensures that the modifications made in the model are reflected in the drawing 
views and vice-versa. The first release of CATIA was way back in 1977, and the software suite is still going strong more than 30 years later. While 
CATIA V6 is just being released, the most popular version of CATIA is V5 which was introduced in 1998. That said, it is important to note that each 
version of CATIA introduces considerable additional functionality. For example, V4 (introduced in 1992) offered enhancements to the Assembly 
Modeling Product including easy-to-use graphical tree-based assembly management. V5 and V6 saw changes in the way data is handled. Dassault 
Systems typically offers new updates, releases and bug fixes for each version. The CATIA software is written in C++. It runs on both UNIX and 
Windows. CATIA provides the capability to visualize designs in 3D. When it was introduced, this concept was innovative. Since Dassault Systems 
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did not have an expertise in marketing, they had revenue sharing tie-up with IBM which proved extremely fruitful to both the companies to market 
CATIA. In the early stages, CATIA was extensively used in the design of the Mirage aircrafts; however, the potential of the software soon made it a 
popular choice in the automotive sector as well. As CATIA was accepted by more and more manufacturing companies, Dassault changed the product 
classification from CAD / CAM software to Project Lifecycle Management. The company also expanded the scope of the software. CATIA can be 
used at different stages of the design - ideate, draw, test and iterate. The software comes with different workbenches (“modules”) that allow CATIA 
to be used across varied industries – from parts design, surface design and assembly to sheet metal design. CATIA can also be used for CNC. CATIA 
offers many workbenches that can be loosely termed as modules.  
 
 A few of the important workbenches and their brief functionality description is given below: 
 
Part Design: The most essential workbench needed for solid modelling. This CATIA module makes it possible to design precise 3D mechanical 
parts with an intuitive and flexible user interface, from sketching in an assembly context to iterative detailed design. 
Generative Shape Design: allows you to quickly model both simple and complex shapes using wireframe and surface features. It provides a large 
set of tools for creating and editing shape designs. Though not essential, knowledge of Part Design will be very handy in better utilization of this 
module. 
Assembly: The basics of product structure, constraints, and moving assemblies and parts can be learned quickly. This is the workbench that allows 
connecting all the parts to form a machine or a component.  
Kinematic Simulation: Kinematics involves an assembly of parts that are connected together by a series of joints, referred to as a mechanism. These 
joints define how an assembly can perform motion. It addresses the design review environment of digital mock-ups. This workbench shows how a 
machine will move in the real world. 
 

In addition to creating solid models and assemblies, CATIA also provides generating orthographic, section, auxiliary, isometric or detailed 
2D drawing views. It is also possible to generate model dimensions and create reference dimensions in the drawing views. The bi-directionally 
associative property of CATIA ensures that the modifications made in the model are reflected in the drawing views and vice-versa. The first release 
of CATIA was way back in 1977, and the software suite is still going strong more than 30 years later. 
 

These are only four of the many workbenches that CATIA offers. A few of the other modules include Machining, Equipment & System, 
Infrastructure and Ergonomics Design & Analysis. And of course, there are many other CATIA workbenches, each important in its own way. The 
CATIA suite is a powerful design tool that is growing in popularity due to the powerful functionality it offers.  
 
3.2 MATERIALS OF LEAF SPRING 

Mild steel is a type of carbon steel with a low amount of carbon – it is actually also known as “low carbon steel.” Although ranges vary 
depending on the source, the amount of carbon typically found in mild steel is 0.05% to 0.25% by weight, whereas higher carbon steels are typically 
described as having carbon content from 0.30% to 2.0%. If any more carbon than that is added, the steel would be classified as cast iron. Mild steel is 
not an alloy steel and therefore does not contain large amounts of other elements besides iron; you will not find vast amounts of chromium, 
molybdenum, or other alloying elements in mild steel. Since its carbon and alloying element content are relatively low, there are several properties it 
has that differentiate it from higher carbon and alloy steels. 

 
Epoxy is a very strong type of glue. Epoxy is used in the construction of airplanes and cars, among other things. While epoxy can be used 

for a variety of substances made of a certain chemical compound, from paints to plastics, it most commonly means an industrial-strength adhesive 
epoxy is a common thermo set resin used to make composite materials. Epoxy resins are used in a wide range of composites parts, structures and 
concrete repairs. 
 

S2 glass is 30" width is ideal for surfboards. S-2 glass was the first developed for military missle applications. It is a different glass than 
standard E-glass and is about 30% stronger and 15% stiffer. Most commonly used for high performance surf and sailboards to provide greater 
strength with less weight than with E-glass. Use anywhere high strength-to-weight ratios are required. S-2 glass is compatible with all TAP polyester 
and epoxy resins. It is a different glass than standard E-glass and is about 30% stronger and 15% stiffer. Most commonly used for high performance 
surf and sailboards to provide greater strength with less weight than with E-glass. Produced with a higher level of silica than standard glass fiber 
products, S-2 glass® fibers offer the ultimate physical properties including high tensiles and compressive strength, high temperature resistance, and 
improved impact resistance. 
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FIG: 3.1 METHODOLOGY 
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Figure: 3.4 S2 glass epoxy 

 
3.3 mild steel 

Mild steel (iron containing a small percentage of carbon, strong and tough but not readily tempered), also known as plain-carbon steel and 
low-carbon steel, is now the most common form of steel because its price is relatively low while it provides material properties that are acceptable for 
many applications. Mild steel contains approximately 0.05–0.30% carbon making it malleable and ductile. Mild steel has a relatively low tensile 
strength, but it is cheap and easy to form; surface hardness can be increased through carburizing In applications where large cross-sections are used to 
minimize deflection, failure by yield is not a risk so low-carbon steels are the best choice, for example as structural steel. The density of mild steel is 
approximately 7.85 g/cm3 (7850 kg/m3 or 0.284 lb/in3) and the Young's modulus is 200 GPa (29,000 ksi). Low-carbon steels display yield-point 
runout where the material has two yield points. The first yield point (or upper yield point) is higher than the second and the yield drops dramatically 
after the upper yield point. If a low-carbon steel is only stressed to some point between the upper and lower yield point then the surface 
develops Lüder bands. Low-carbon steels contain less carbon than other steels and are easier to cold-form, making them easier to handle typical 
applications of low carbon steel are car parts, pipes, construction, and food cans. Mild steel is not an alloy steel and therefore does not contain large 
amounts of other elements besides iron; you will not find vast amounts of chromium, molybdenum, or other alloying elements in mild steel. Since its 
carbon and alloying element content are relatively low, there are several properties it has that differentiate it from higher carbon and alloy steels. Less 
carbon means that mild steel is typically more ductile, machinable, and weldable than high carbon and other steels, however, it also means it is nearly 
impossible to harden and strengthen through heating and quenching. The low carbon content also means it has very little carbon and other alloying 
elements to block dislocations in its crystal structure, generally resulting in less tensile strength than high carbon and alloy steels. Mild steel also has 
a high amount iron and ferrite, making it magnetic. The lack of alloying elements such as those found in stainless steels means that the iron in mild 
steel is subject to oxidation (rust) if not properly coated. But the negligible amount of alloying elements also helps mild steel to be relatively 
affordable when compared with other steels. It is the affordability, weld ability, and machinability that make it such a popular choice of steel for 
consumers. 

 
3.4 carbon epoxy 

The fibre also finds use in filtration of high-temperature gases, as an electrode with high surface area and impeccable corrosion resistance, 
and as an anti-static component. Molding a thin layer of carbon fibers significantly improves fire resistance of polymers or thermo set composites 
because a dense, compact layer of carbon fibers efficiently reflects heat. The increasing use of carbon fibre composites is displacing aluminium from 
aerospace applications in favour of other metals because of galvanic corrosion issues. Carbon fibre can be used as an additive to asphalt to make 
electrically conductive asphalt concrete. Using this composite material in the transportation infrastructure, especially for airport pavement, decreases 
some winter maintenance problems that led to flight cancellation or delay due to the presence of ice and snow. Passing current through the composite 
material 3D network of carbon fibers dissipates thermal energy that increases the surface temperature of the asphalt, which is able to melt ice and 
snow above it. Many composites manufacturers work with carbon fibers to build high-performance applications, and they appear in countless 
composites. To build carbon fibers, workers combine several precursor fibers by subjecting them to chemical treatment, heating, stretching, and 
carbonization. The increasing use of carbon fibre composites is displacing aluminium from aerospace applications in favour of other metals because 
of galvanic corrosion issues. Carbon fibre can be used as an additive to asphalt to make electrically conductive asphalt concrete. Using this composite 
material in the transportation infrastructure, especially for airport pavement, decreases some winter maintenance problems that led to flight 
cancellation or delay due to the presence of ice and snow. Passing current through the composite material 3D network of carbon fibers dissipates 
thermal energy that increases the surface temperature of the asphalt, which is able to melt ice and snow above it. Many composites manufacturers 
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work with carbon fibers to build high-performance applications, and they appear in countless composites. Properties. CFRP are composite materials. 
In this case the composite consists of two parts: a matrix and reinforcement. In CFRP the reinforcement is carbon fiber, which provides its strength. 
The matrix is usually polymer resin, such as epoxy, to bind the reinforcements together. It is also not UV resistant and will turn yellow over time. 
The right kind of resin one should use to lay up carbon fibre is epoxy resin.  
 
3.5 S2 GLASS EPOXY 

S2 glass is formed when thin strands of silica-based or other formulation glass are extruded into many fibers with small diameters suitable 
for textile processing. The technique of heating and drawing glass into fine fibers has been known for millennia; however, the use of these fibers for 
textile applications is more recent. Until this time, all glass fibre had been manufactured as staple (that is, clusters of short lengths of fibre). The 
modern method for producing glass wool is the invention of Games Slayter working at the Owens-Illinois Glass Company (Toledo, Ohio). He first 
applied for a patent for a new process to make glass wool in 1933. The first commercial production of glass fibre was in 1936. In 1938 Owens-
Illinois Glass Company and Corning Glass Works joined to form the Owens-Corning Fiberglas Corporation. When the two companies joined to 
produce and promote glass fibre, they introduced continuous filament glass fibers. Owens-Corning is still the major glass-fibre producer in the 
market today. The most common types of glass fibre used in fibreglass is E-glass, which is alumina-borosilicate glass with less than 1% w/w alkali 
oxides, mainly used for glass-reinforced plastics. Other types of glass used are A-glass (Alkali-lime glass with little or no boron oxide), E-CR-
glass (Electrical/Chemical Resistance; alumina-lime silicate with less than 1% w/w alkali oxides, with high acid resistance), C-glass (alkali-lime 
glass with high boron oxide content, used for glass staple fibers and insulation), D-glass (borosilicate glass, named for its low Dielectric constant), R-
glass (alumina silicate glass without MgO and CaO with high mechanical requirements as reinforcement), and S-glass (alumina silicate glass without 
CaO but with high MgO content with high tensile strength).Pure silica (silicon dioxide), when cooled as fused quartz into a glass with no true melting 
point, can be used as a glass fibre for fibre glass, but has the drawback that it must be worked at very high temperatures. In order to lower the 
necessary work temperature, other materials are introduced as "fluxing agents" (i.e., components to lower the melting point). Ordinary A-glass ("A" 
for "alkali-lime") or soda lime glass, crushed and ready to be remelted, as so-called cullet glass, was the first type of glass used for fibre glass. E-
glass ("E" because of initial electrical application), is alkali free, and was the first glass formulation used for continuous filament formation. It now 
makes up most of the fibre glass production in the world, and also is the single largest consumer of boron minerals globally. It is susceptible to 
chloride ion attack and is a poor choice for marine applications.  

 

 
Fig: 3.5 2D view of leaf spring 
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Fig: 3.6 model of leaf spring 

 

 
Fig: 3.7 model in another view 

 
 
Table: 3.1 specifications of design data 

Here Weight and initial measurements of Mahindra “Model - commander 650 di” light vehicle are taken.     
Gross vehicle weight = 2150 kg 
Un sprung weight = 240 kg Total sprung weight = 1910 kg  
Taking factor of safety (FS) = 1.4 Acceleration due to gravity (g) = 10 m/s² 
There for; Total Weight (W) = 1910*10*1.4 = 26740 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. 
F = 26740/4 = 6685 N 
Here we modeled leaf spring of three different thickness values they are 4mm, 5mm, 6mm. 
 
3.6 INTRODUCTION TO ANSYS: 

ANSYS is a general-purpose finite element-modeling package for numerically solving a wide variety of mechanical problems. These 
problems include: static/dynamic structural analysis (both linear and non-linear), heat transfer and fluid problems, as well as acoustic and electro-
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magnetic problems. It enables engineers to perform the following tasks - build computer models or transfer cad models of structures, products, 
components or system, apply operating loads or other design performance conditions, study physical responses such as stress levels, temperature 
distributions or electromagnetic fields, optimize a design early in the development process to reduce production costs, carryout prototype testing in 
environment where it otherwise would be undesirable or impossible. ANSYS provides a cost-effective way to explore the performance of products or 
processes in a virtual environment. This type of product development is termed virtual prototyping. With virtual prototyping techniques, users can 
iterate various scenarios to optimize the product life before the manufacturing is started. This enables a reduction in the level of risk, and in the cost 
of ineffective designs. The multifaceted nature of ANSYS also provides a means to ensure that users are able to see the effect of design on the whole 
behavior of the product, be it electromagnetic, thermal, mechanical etc. The Ansys finite element solvers enable a breadth and depth of capabilities 
unmatched by anyone in the world of computer-aided simulation.  Thermal, Structural, Acoustic, Piezoelectric, Electrostatic and Circuit Coupled 
Electromagnetic are just an example of what can be simulated.  Regardless of the type of simulation, each model is represented by a powerful 
scripting language the Ansys Parametric Design Language (APDL).  APDL is the foundation for all sophisticated features, many of which are not 
exposed in the Workbench Mechanical user interface.  It also offers many conveniences such as parameterization, macros, branching and looping, 
and complex math operations.   
Preprocessing: defining the problem; the major steps in preprocessing are given below 
 
Define key points/lines/areas/volumes 
Define element type and material/geometric properties 
 
Mesh lines/areas/volumes as required the amount of detail required will depend on the dimensionality of the analysis (i.e. 1D, 2D, axi symmetric, 
3D). Solution: assigning loads, constraints and solving; here we specify the loads (point or pressure), constraints (translational and rotational) and 
finally solve the resulting set of equations. 
 
Post processing: further processing and viewing of the results; in this stage one may wish to see. 
Lists of nodal displacements 
Element forces and moments 
Deflection plots 
Stress contour diagrams. 
 

Ansys develops and markets engineering simulation software for use across the product life cycle. Ansys Mechanical finite element 
analysis software is used to simulate computer models of structures, electronics, or machine components for analyzing strength, toughness, elasticity, 
temperature distribution, electromagnetism, fluid flow, and other attributes Ansys is used to determine how a product will function with different 
specifications, without building test products or conducting crash tests. For example, Ansys software may simulate how a bridge will hold up after 
years of traffic, how to best process salmon in a cannery to reduce waste, or how to design a slide that uses less material without sacrificing safety 
Most Ansys simulations are performed using the Ansys Workbench system, which is one of the company's main products. Typically, Ansys users 
break down larger structures into small components that are each modeled and tested individually A user may start by defining the dimensions of an 
object and then adding weight, pressure, temperature and other physical properties Finally, the Ansys software simulates and analyzes movement, 
fatigue, fractures, fluid flow, temperature distribution, electromagnetic efficiency and other effects over time. Ansys also develops software for data 
management and backup, academic research and teaching Ansys software is sold on an annual subscription basis. 
1. First create the key point 100 at origin, i.e., x, y, z = (0, 0, 0). 
2. Create another key point 200 at some arbitrary distance in Z-direction, say x, y, z = (0, 0, 200). 
3. Join the above two key points 100 and 200 to get the reference axis. 
4. By using data from mathematical analysis Create the key point1 with a distance of radius of curvature R1 in vertically down-ward direction, i.e., x, 
y, z = (0, -R1, 0). 
5. Similarly key points 2 and 3 correspond to R2, i.e., x, y, z = (0, -R2, 0) and key points 4 and 5 corresponds to R3, i.e., x, y, z = (0, -R3, 0). 
6. Key point 20 corresponds to R11. i.e., x, y, z = (0, -R11, 0). 
7. Join the pair of key points sequentially as follows Key points 1 and 2, 2 and 3, 3 and 4...and 19 and 20. 
8. Then line1 formed by the key points 1 and 2, line2 formed by the key points 2 and 3 and line10 formed by the key   points 19 and 20. 
9. Extrude the above lines with respect to reference axis stated in step3 as follows: Extrude line1 with an angle Ф1, will get area1 Extrude line2 with 
an angle Ф2, will get area2 and extrude line10 with an angle Ф10, and will get area10. 
10. After extruding all the lines, the semi area of the spring without eye will form on XY- plane with significant degeneracy. 
11. To avoid degeneracy, extend the right-side line of smallest area i.e., area 10 to some extent such that it Cross the top most area i.e., area1.Now 
divide area by line. For this, select the areas left to extended line1 and divide with that line. Similarly, extend the right-side line of second smallest 
area i.e., area9 to some extent such that it crosses the top most area i.e., area1. Again, divide area by line. For this select the areas left to extended 
line2 and divide with that line. 
12. The above process is to be done up to extension of line of area9 and divide area by extension line9. 
13. Now perfect half area of leaf spring without eye will form. 
14. Eye construction: Extend the right-side line of top most area i.e., area1 to the length equal to the radius of eye. Delete lines only, so that key point 
of that line will remain. Shift the origin to that key point. Create another key point say some key point300 in Z-direction. Join the above two key 
points to get reference axis to rotate the right 
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Side line of area1. Extrude the line with respect to reference axis to an angle 2750 to 2800. Delete all reference lines. So, half area of leaf spring with 
eye is formed. 
15. To get the full area of the leaf spring. Shift the origin to the top left most area key point i.e., key point1. Reflect the entire area with respect to YZ 
– plane. 
16. To get the solid model of the leaf spring, extrude the area by Z-offset to a length equal to the width of the 
Leaf spring. 
17. To make a cylindrical hole at centre of the leaf spring to provide bolting for all the leaves, so that all the 
Leaves are in perfect alignment: Create centre key point of the leaf spring on the top view i.e., XY-plane, by using key points between key points’ 
command. Shift the origin to that key point. Choose the proper work plane by using work plane Create a cylinder along Z-axis in vertically 
downward direction. Subtract the cylinder from the solid leaf spring. So that leaf spring with hole to provide bolt will obtain. ANSYS provides a 
cost-effective way to explore the performance of products or processes in a virtual environment. This type of product development is termed virtual 
prototyping. With virtual prototyping techniques, users can iterate various scenarios to optimize the product life before the manufacturing is started. 
This enables a reduction in the level of risk, and in the cost of ineffective designs. The multifaceted nature of ANSYS also provides a means to 
ensure that users are able to see the effect of design on the whole behavior of the product, be it electromagnetic, thermal, mechanical etc. 
The Ansys finite element solvers enable a breadth and depth of capabilities unmatched by anyone in the world of computer-aided 
simulation.  Thermal, Structural, Acoustic, Piezoelectric, Electrostatic and Circuit Coupled Electromagnetic are just an example of what can be 
simulated.  Regardless of the type of simulation, each model is represented by a powerful scripting language the Ansys Parametric Design Language 
(APDL).  APDL is the foundation for all sophisticated features, many of which are not exposed in the Workbench Mechanical user interface.  It also 
offers many conveniences such as parameterization, macros, branching and looping, and complex math operations. Ansys Mechanical finite element 
analysis software is used to simulate computer models of structures, electronics, or machine components for analyzing strength, toughness, elasticity, 
temperature distribution, electromagnetism, fluid flow, and other attributes Ansys is used to determine how a product will function with different 
specifications, without building test products or conducting crash tests. For example, Ansys software may simulate how a bridge will hold up after 
years of traffic, how to best process salmon in a cannery to reduce waste, or how to design a slide that uses less material without sacrificing safety 
Most Ansys simulations are performed using the Ansys Workbench system, which is one of the company's main products.  
 
3.7 STEPS TO ADJUST WITHIN TIME USING ANSYS 

Steps are generally used in transient analyses in ANSYS. To make transient analyses in ANSYS, you need to know how to adjust step 
controls. 

 
Number of Steps: This is the first option in ‘step controls. You can enter a value to define how many steps that you will use in your analysis. 
Current Step Number: You can make discrete adjustments on each step in ANSYS® Mechanical. For example, if you enter a number inside 
‘Current Step Number’, you can make adjustments to that step. The step controls after this option related to the current step number. 
Step End Time: This is the time that the selected step in ‘Current Step Number’ when it will over. 
Auto Time Stepping: This is a very important adjustment that you can turn on or off in ANSYS® Mechanical. If you have a physical system that has 
nonlinear and dynamic loads and responses, the use of the auto time stepping option can be very useful. If you turn the auto time stepping option on, 
there will three values appear that you need to adjust for that current step number. 
Initial Time Step: This is about the starting of the selected step. When the step starts, the loads or conditions will be applied and solved at the end of 
this initial time step. These sub-solutions will be used in the next sub-step. 
Maximum Time Step: Auto time-stepping divides the selected step in ‘Current Step Number’. This is the biggest increment of time inside a step that 
auto time stepping will make. You can define a value inside it. 
Minimum Time Step: This will be the minimum time step value inside the selected step in ‘Current Step Number’ The accuracy of nonlinear, 
dynamic analyses performed in ANSYS® Mechanical depends on the definition of smaller minimum time steps allowed. Definition of time step 
properly is very important. In general applications, the time step is defined as 1/ (20*f) in which ‘f’ is the response frequency of a system. If your 
system has contacts, it is recommended from ANSYS® to use 1/(30*fc), in which fc is contact frequency. The appropriate template has been selected 
which is Transient Structural (ANSYS). The template in the Toolbox has been double-click, or drag it onto the Project Schematic. All possible drop 
locations have been previewing by using a drag-and-drop operation. Alternatively, right-click in the Project Schematic whitespace and select the type 
of analysis you want to add. During creating a new system, the name of the system is automatically highlighted and ready for editing. If you wish to 
change the name, simply type the new name. You can change the name later by double-clicking the name to highlight it and typing the new name, or 
by selecting the Rename option from the context menu (available via right-mouse click on the header cell). 
 
3.8 BUCKLING LOAD 

In structural engineering , buckling is the sudden change in shape (deformation) of a structural component under load, such as the bowing 
of a column under compression or the wrinkling of a plate under shear. If a structure is subjected to a gradually increasing load, when the load 
reaches a critical level, a member may suddenly change shape and the structure and component is said to have buckled. Euler's critical 
load and Johnson's parabolic formula are used to determine the buckling stress in slender columns Buckling may occur even though the stresses that 
develop in the structure are well below those needed to cause failure in the material of which the structure is composed. Further loading may cause 
significant and somewhat unpredictable deformations, possibly leading to complete loss of the member's load-carrying capacity. However, if the 
deformations that occur after buckling do not cause the complete collapse of that member, the member will continue to support the load that caused it 
to buckle. If the buckled member is part of a larger assemblage of components such as a building, any load applied to the buckled part of the structure 
beyond that which caused the member to buckle will be redistributed within the structure. Some aircraft are designed for thin skin panels to continue 
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carrying load even in the buckled state. The ratio of the effective length of a column to the least radius of gyration of its cross section is called 
the slenderness ratio (sometimes expressed with the Greek letter lambda, λ). This ratio affords a means of classifying columns and their failure mode. 
The slenderness ratio is important for design considerations. All the following are approximate values used for convenience. If the load on a column 
is applied through the center of gravity (centroid) of its cross section, it is called an axial load. A load at any other point in the cross section is known 
as an eccentric load. A short column under the action of an axial load will fail by direct compression before it buckles, but a long column loaded in 
the same manner will fail by springing suddenly outward laterally (buckling) in a bending mode. The buckling mode of deflection is considered a 
failure mode, and it generally occurs before the axial compression stresses (direct compression) can cause failure of the material by yielding or 
fracture of that compression member. However, intermediate-length columns will fail by a combination of direct compressive stress and bending. 
Buckling may occur even though the stresses that develop in the structure are well below those needed to cause failure in the material of which the 
structure is composed. Further loading may cause significant and somewhat unpredictable deformations, possibly leading to complete loss of the 
member's load-carrying capacity. However, if the deformations that occur after buckling do not cause the complete collapse of that member, the 
member will continue to support the load that caused it to buckle. If the buckled member is part of a larger assemblage of components such as a 
building, any load applied to the buckled part of the structure beyond that which caused the member to buckle will be redistributed within the 
structure. Some aircraft are designed for thin skin panels to continue carrying load even in the buckled state. A conclusion from the above is that the 
buckling load of a column may be increased by changing its material to one with a higher modulus of elasticity (E), or changing the design of the 
column's cross section so as to increase its moment of inertia. The latter can be done without increasing the weight of the column by distributing the 
material as far from the principal axis of the column's cross section as possible. For most purposes, the most effective use of the material of a column 
is that of a tubular section. Another insight that may be gleaned from this equation is the effect of length on critical load. 

 
Buckling is a sudden lateral failure of an axially loaded member in compression, under a load value less than the compressive load-carrying 

capacity of that member. The axial compressive load corresponding to this mode of failure is referred to as critical buckling load. A load greater than 
critical load results in unpredictable and sudden deformation of member in lateral direction. This may further result in complete loss of member’s 
capacity to withstand applied load. If the member is part of a complex assembly of members, the load will be redistributed to other connected and 
intact members. Buckling is a major concern in design of axially loaded members in compression, especially the ones with significant slenderness 
effects. The extent of these effects is characterized by a parameter referred to as slenderness ratio. In its simplest form, it is the ratio of effective 
length of column to the least radius of gyration of its cross-section as shown in the following equation: 
λ=kL/r 
Where k is the effective length factor and its values depend on support conditions of columns. 
L is length of the spring 
R is the radius of the spring 

 
FIG 3.8 BUCKLING LOAD LONG COMPRESSION MEMBER 

 
Based on slenderness ratio, columns are usually classified as short or slender. The critical or limiting values of this ratio are used to decide 

whether slenderness effects should be considered in a column or not. It is therefore an important design parameter for columns. Generally, the steel 
columns with slenderness ratio less than 50 are considered as short columns; those having between 50 and 200 are intermediate columns, and those 
with greater than 200 are considered as slender columns. Generally the behavior of intermediate steel columns is controlled by the strength of 
material it is made of, and long columns are governed by its modulus of elasticity. A load greater than critical load results in unpredictable and 
sudden deformation of member in lateral direction. This may further result in complete loss of member’s capacity to withstand applied load.  

 
3.8 TYPES OF BUCKLING LOAD 
1.SELF BUCKLING: A column can buckle due to its own weight with no other direct forces acting on it, in a failure mode called self-buckling. In 
conventional column buckling problems, the self-weight is often neglected since it is assumed to be small when compared to the applied axial loads. 
However, when this assumption is not valid, it is important to take the self-buckling into account. Elastic buckling of a "heavy" column i.e., column 
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buckling under its own weight, was first investigated by Greenhill at 1881. He found that a free-standing, vertical column, with density one 
interesting example for the use of the equation was suggested by Greenhill in his paper. He estimated the maximal height of a pine tree, and found it 
cannot grow over 90-ft tall. This length sets the maximum height for trees on earth if we assume the trees to be prismatic and the branches are 
neglected. 

 
2. PLATE BUCKLING: In structural engineering, buckling  is the sudden change in shape (deformation) of a structural component under load, such 
as the bowing of a column under compression or the wrinkling of a plate under shear. Buckling may occur even though the stresses that develop in 
the structure are well below those needed to cause failure in the material of which the structure is composed. Further loading may cause significant 
and somewhat unpredictable deformations, possibly leading to complete loss of the member's load-carrying capacity. However, if the deformations 
that occur after buckling do not cause the complete collapse of that member, the member will continue to support the load that caused it to buckle. If 
the buckled member is part of a larger assemblage of components such as a building, any load applied to the buckled part of the structure beyond that 
which caused the member to buckle will be redistributed within the structure. Some aircraft are designed for thin skin panels to continue carrying 
load even in the buckled state. 
 
3. Flexural-torsional buckling: Flexural-torsional buckling is a compression member instability involving a combination of member bending and 
twisting as well as any local buckling of slender elements. In this behavioral sense, it resembles lateral-torsional buckling of unraced beams. 
Torsional buckling is simply a twisting of the entire cross section about its shear center. Flexural torsional buckling applies to all shapes except those 
that are doubly symmetric. Pure torsional buckling can only occur in these doubly symmetric shapes, such as rolled wide flange sections. Flexural-
torsional buckling is strongly influenced by the degree of symmetry in a cross section that is mathematically represented by the location of the shear 
center relative to the centroid. An interactive coupling effect of flexural and torsional buckling occurs only when these two points are not coincident; 
when they are identical, as for doubly symmetric, wide-flange shapes, the response reduces to pure torsional buckling. Flexural-torsional buckling 
can be described as a combination of bending and twisting response of a member in compression. Such a deflection mode must be considered for 
design purposes. This mostly occurs in columns with “open” cross-sections and hence has a low torsional stiffness, such as channels, structural tees, 
double-angle shapes, and equal-leg single angles. Circular cross sections do not experience such a mode of buckling. 
4. Lateral-torsional buckling: 

 
 

 

 

When a simply supported beam is loaded in bending, the top side is in compression, and the bottom side is in tension. If the beam is not supported in 
the lateral direction (i.e., perpendicular to the plane of bending), and the flexural load increases to a critical limit, the beam will experience a lateral 
deflection of the compression flange as it buckles locally. The lateral deflection of the compression flange is restrained by the beam web and tension 
flange, but for an open section the twisting mode is more flexible, hence the beam both twists and deflects laterally in a failure mode known 
as lateral-torsional buckling. In wide-flange sections (with high lateral bending stiffness), the deflection mode will be mostly twisting in torsion. In 
narrow-flange sections, the bending stiffness is lower and the column's deflection will be closer to that of lateral bucking deflection mode. 
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5.Plastic buckling: The buckling strength of a member is less than the elastic buckling strength of a structure if the material of the member is 
stressed beyond the elastic material range and into the non-linear (plastic) material behavior range. When the compression load is near the buckling 
load, the structure will bend significantly and the material of the column will diverge from a linear stress-strain behavior. The stress-strain behavior 
of materials is not strictly linear even below the yield point; hence the modulus of elasticity decreases as stress increases, and significantly so as the 
stresses approach the material's yield strength. This reduced material rigidity reduces the buckling strength of the structure and results in a buckling 
load less than that predicted by the assumption of linear elastic behavior. A more accurate approximation of the buckling load can be had by the use 
of the tangent modulus of elasticity, Et, which is less than the elastic modulus, in place of the elastic modulus of elasticity. The tangent is equal to the 
elastic modulus and then decreases beyond the proportional limit. The tangent modulus is a line drawn tangent to the stress-strain curve at a particular 
value of strain (in the elastic section of the stress-strain curve, the tangent modulus is equal to the elastic modulus). Plots of the tangent modulus of 
elasticity for a variety of materials are available in standard references. 
 
6. Crippling: Sections that are made up of flanged plates such as a channel, can still carry load in the corners after the flanges have locally buckled. 
Crippling is failure of the complete section. 
 
7. Diagonal tension: Because of the thin skins typically used in aerospace applications, skins may buckle at low load levels. However, once buckled, 
instead of being able to transmit shear forces, they are still able to carry load through diagonal tension (DT) stresses in the web. This results in a non-
linear behaviour in the load carrying behaviour of these details. The ratio of the actual load to the load at which buckling occurs is known as 
the buckling ratio of a sheet. High buckling ratios may lead to excessive wrinkling of the sheets which may then fail through yielding of the wrinkles. 
Although they may buckle, thin sheets are designed to not permanently deform and return to an unbuckled state when the applied loading is removed. 
Repeated buckling may lead to fatigue failures. Sheets under diagonal tension are supported by stiffeners that as a result of sheet buckling carry a 
distributed load along their length, and may in turn result in these structural members failing under buckling. Thicker plates may only partially form a 
diagonal tension field and may continue to carry some of the load through shear. This is known as incomplete diagonal tension. This behavior was 
studied by Wagner and these beams are sometimes known as Wagner beams Diagonal tension may also result in a pulling force on any fasteners such 
as rivets that are used to fasten the web to the supporting members. Fasteners and sheets must be designed to resist being pulled off their supports. 
 

8. Dynamic buckling: If a column is loaded suddenly and then the load released, the column can sustain a much higher load than its static (slowly 
applied) buckling load. This can happen in a long, unsupported column used as a drop hammer. The duration of compression at the impact end is the 
time required for a stress wave to travel along the column to the other (free) end and back down as a relief wave. Maximum buckling occurs near the 
impact end at a wavelength much shorter than the length of the rod, and at a stress many times the buckling stress of a statically-loaded column. The 
critical condition for buckling amplitude to remain less than about 25 times the effective rod straightness imperfection at the buckle wavelength is 

σL = ρC  hℰ 
 

Where σthe impact stress L is the length of the rod c is is the elastic wave speed and h is the smaller lateral dimensions of a rectangular rod. 
Because the buckle wave length depends only on σ and h, this same formula holds for thin cylindrical shells of thickness h.If the load on a column is 
applied through the center of gravity (centroid) of its cross section, it is called an axial load. A load at any other point in the cross section is known as 
an eccentric load. A short column under the action of an axial load will fail by direct compression before it buckles, but a long column loaded in the 
same manner will fail by springing suddenly outward laterally (buckling) in a bending mode. The buckling mode of deflection is considered a failure 
mode, and it generally occurs before the axial compression stresses (direct compression) can cause failure of the material by yielding or fracture of 
that compression member. However, intermediate-length columns will fail by a combination of direct compressive stress and bending. Buckling may 
occur even though the stresses that develop in the structure are well below those needed to cause failure in the material of which the structure is 
composed.  
 
9. Critical Buckling Load: In the last lesson we learned about the equation of the elastic curve, and we described the deflection of a beam in 
response to transverse loading. In our first lesson about stress, we talked about axially loads that generate tensile and compressive stresses within a 
material, and in learning about strain we described how a structure will be compressed to a shorter length under an axial, compressive stress. We 
know from our own experiences that this isn't the only thing that can happen. Imagine pushing on a straw – is you push gently, nothing really 
happens, but once you push it with enough force, it will bow outward at the center. This phenomenon is known as buckling, and it is a very different 
structural response than in-plane compression. When designing columns and beams, buckling could result in a catastrophic failure – imagine the 
buckling of a bridge's vertical supports. Sometimes, it desirable to design for structures to buckle, for example the steering in your car is designed to 
buckle under significant loads to prevent it from further injuring the driver in a crash.Let's look at an illustration of a cantilevered beam (free on one 
end and clamped on the other. There is a point force acting in the x axis that causes the beam to deflect in the y direction. (Since we're assuming the 
beam is homogenous and isotropic, there is no preference for buckling up or down. If the beam has a circular cross section, it can buckle in out of 
plane in any direction.). 
This famous Euler’s buckling formula is shown in the following equation: 

  P =
π EI

(κℒ)
 

Where Ρcr is the buckling load, L is the length of the column k is the effective length factor, and EI is the?  
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Cross- sectional stiffness 
 

An interesting observation that can be made from this formula is that there is no role of compressive strength of material in determining the 
critical buckling load. It is only dependent on elastic modulus of material, moment of inertia of cross-section and effective length of column. 
Effective length is again dependent on boundary conditions of column, the effect of which may become significant in some cases. In fact, 
the boundary conditions control the deformed shape and the position of inflection points (i.e., the points of zero internal moment or at which 
curvature changes its sign) on deformed shape of column; and the distance between two inflection points is the effective length (kL) of column. It is 
therefore very important to understand the behavior of practical boundary conditions and their role in slenderness considerations, which will be 
discussed next. Buckling in simple terms bending of vertical compression member in to the out of plane direction. It generally happens because of 
slenderness of the vertical compression member. The compression member may be column (long, short, medium), built up steel member having a 
slender web, readily available steel member having a slender web etc.., this phenomenon is clearly explained by Euler he has provided elaborate 
formulas to determine actual amount of buckling in the compression member. The buckling conditions vary for different support conditions. 
Buckling load is also called as crippling load. To avoid buckling we have to strengthen the slender member. Buckling is generally associated with 
upright columns. The deformation that occurs in them due to axial compressive loading can be called buckling. While bending is a more general 
geometric deformation phenomenon that can occur due to axial or compressive loads in any type of configuration of the subject under loading. 
Excessive bending within the ultimate stress causes buckling. 

 
3.10 BUCKLING ANALYSIS 
1.LINEAR BUCKLING 
A linear buckling analysis is an Eigen value problem and is formulated as follows: 
([K] +1 cr [Kg]) {d} = {0} 
[K] = stiffness matrix 
1cr = Eigen value for buckling mode. 
[Kg] = stress stiffness matrix. This matrix includes the effects of the membrane loads on the stiffness of the structure. The stress stiffening matrix is 
assembled based on the results of a previous linear static analysis. 
{D} = displacement vector corresponding to the buckling mode shape. 
The Eigen value solution uses an iterative algorithm that extracts firstly the Eigen values (l cr) and secondly the displacements that define the 
corresponding mode shape ({d}). One set of these is extracted for each of the buckling modes of the structure (up to the user specified limit). Note 
that the displacements given by the solution are not real displacements in the normal sense. They are simply a set of scaled values used solely for 
display purposes. 
The eigenvalue represents the ratio between the applied loads and the buckling loads. This can be expressed as follows: 
L cr = Buckling Load / Applied Load. 
Thus the eigenvalue is, in effect, a safety factor for the structure against buckling. An eigenvalue less than 1.0 indicates that a structure has buckled 
under the applied loads. Conversely an eigenvalue greater than 1.0 indicates that the structure will not buckle. 
The important thing to note about this formulation is that only the membrane component of the loads in the structure is used to determine the 
buckling load (since the formulation of [Kg] is based solely on the membrane loads). This means that the effects of prebaking rotations due to 
moments are ignored. As we shall see this have some very important implications when choosing the type of buckling analysis to use for a particular 
problem. One set of these is extracted for each of the buckling modes of the structure (up to the user specified limit). Note that the displacements 
given by the solution are not real displacements in the normal sense. They are simply a set of scaled values used solely for display purposes. 
 
2 .NON LINEAR BUCKLING 

A nonlinear buckling analysis can be carried out using the standard geometric nonlinear solver. The load is applied incrementally, from 
zero up towards the maximum. Normally each of these load increments will converge in a small number of iterations. The onset of buckling is 
generally indicated by failure to converge for a particular load step. If the results are examined for those increments just before the increment that 
failed to converge, the buckling mode shape can usually be seen to form. The load increment that failed to converge will generally correspond to 
complete collapse of the structure; at this point the stiffness of the structure is suddenly reduced and is no longer sufficient to maintain equilibrium 
with the applied loads - hence the failure to converge. In order to capture this buckling behaviour it will be necessary to use small load steps for the 
last part of the loading up to failure. However not all structures collapse when they buckle. Many structures exhibit stable buckling modes where the 
loads in the structure redistribute themselves as a result of some initial buckling failure; the resulting structure is sufficient to carry these redistributed 
loads and thus the structure does not collapse. The nonlinear solver is ideally suited to modelling this sort of post buckling behaviour. In this case the 
load is stepped up past the initial buckling into the post buckling range. In the nonlinear analysis the stiffness matrix is updated periodically (for 
every iteration of every load increment) based on the current deformed shape of the structure. This is important from a buckling point of view since 
the effect of the pre and post buckling deformations are included in the analysis. When we talk about 'prebaking deformations' we are generally 
referring to those deflections caused by the moments in the structure prior to buckling. 'Post buckling deformations' refers to those deflections that 
result from some initial buckling failure of the structure. The effect of this updating of the stiffness matrix will be to allow the bending and membrane 
stresses in the structure to redistribute them to reflect the current deformed geometry. The advantage of this approach is that the nonlinear solver can 
be used to model post buckling behaviour of structures, particularly when the transition through the buckling load is smooth, with no snap through. If 
the structure snaps from the prebaked geometry into the post bucked shape, then in many cases the nonlinear solver will have trouble tracking this 
rapid change in geometry and may not converge. In some situations, convergence can be helped by reducing the load step size. Without special 
algorithms, snap through problems generally must be run using displacement control of the solution - not load control. (See the Snap Through of an 
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Arch in G+D News 10). The other important point that should be made about the nonlinear solver is that material nonlinearities (yielding) can be 
considered in addition to the geometric effects.  
 
RESULTS AND DISCUSSION 
4.1 STRUCTURAL AND FATIGUE ANALYSIS OF LEAF SPRING 
CASE 1: MATERIAL - MILD STEEL 
Save CATIA Model as. iges format 
→→Ansys → Workbench→ Select analysis system → static structural → double click  
→→Select geometry → right click → import geometry → select browse →open part → ok 
→→ Select mesh on work bench → right click →edit  

 
Fig: 4.1 model for mild steel 

 
Double click on geometry → select geometries → edit material → 
 
MATERIAL PROPERTIES OF STEEL  
Density                     :    0.00000785kg/mm3    
Young’s modulus      :     20000Mpa 
Poison ratio           :      0.3 
Select mesh on left side part tree → right click → generate mesh →  

 
Fig: 4.2 mesh model for mild steel 

 
Select static structural right click → insert → select force -14088 N 
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Firstly, the static structural again we have to right click in ansys 14.5 software to anylse at the force 14088N the resultant formation is to be obtained 
at the level of ansys program. 
In the resultant formation mesh model of a mild steel leaf spring is to be obtained. 
The mesh is obtained at the force of a 14088N to be formed. 
 
 
1. BOUNDARY CONDITIONS 

 
Fig: 4.3 boundary conditions 

 

 
Fig: 4.4 Displacement of mild steel 

 
Select solution right click   → solve →   
Solution right click → insert → deformation → total → Solution right click → insert → strain → equivalent (von-misses) →   
Solution right click → insert → stress → equivalent (von-misses) → 
Right click on deformation → evaluate all result  
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2.  TOTAL DEFORMATION 

 
Fig: 4.5 total deformation for mild steel 

 
The total deformation is formed at the static structural by the maximum and minimum valve of mild steel at any level the deformation is 

formed at the higher level of by using the ansys 14. 
 
3. VON-MISES STRESS 

 
Fig: 4.6 von-misses stress 
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 4. VON-MISES STRAIN 

 
Fig: 4.7 von-misses strain 

4.8 FATIGUE ANALYSIS 
    1. Life 

 
4.8: Life of spring 
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2. Damage 

 
4.9 Damage of spring 

 3. Safety factor 

 
4.10 Safety factor of mild steel spring 

4. 3 MODEL ANALYSIS 
Save CATIA Model as .iges format 
→Ansys  → Workbench→ Select analysis system → model   → double click  
→→Select geometry → right click → import geometry → select browse →open part → ok 
→→ select mesh on work bench → right click →edit  
The model analysis for the is done after the structural and fatigue analysis in this the model analysis is obtained. 
The geometry the double clicking and than edit the geometry at the ansys work program. 
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Figure: 4.11 (1) Model analysis of mild steel leaf spring 

 
Double click on geometry → select geometries → edit material → 
 
5. MATERIAL PROPERTIES OF STEEL  
Density                     :    0.00000785kg/mm3    
Young’s modulus      :     20000Mpa 
possions ratio           :      0.3 
Select mesh on left side part tree → right click → generate mesh →  
After selecting geometry, the editing is completed and then again go to the meshing part of a ansys program the real mesh part is obtained. 

Then the point of a meshing part displacements part of a model is to be obtained selecting the required area and then click on apply.  
  
 

 
Fig: 4.11 (2): Model 

 
Select displacement → select required area → click on apply → put X,Y, Z component zero →  
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Fig: 4.11 (3): model 

Select solution right click   → solve →   
Solution right click → insert → deformation → total deformation → mode 1 
Solution right click → insert → deformation → total deformation2 → mode 2 
Solution right click → insert → deformation → total deformation 3→ mode 3 
Right click on deformation → evaluate all result  
 
 
 
 
   6. TOTAL DEFORMATION (1) 

 
Fig: 4.12 Total deformation (1) 
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7. TOTAL DEFORMATION (2) 

 
Fig: 4.12 Total deformation (2) 

 
 
 
 
 8. TOTAL DEFORMATION (3) 

 
Fig: 4.12 Total deformation (3) 

 
4.4 STRUCTURAL AND FATIGUE ANALYSIS OF LEAF SPRING 
CASE 2: MATERIAL - CARBON EPOXY 
Save CATIA Model as. iges format 
→→Ansys → Workbench→ Select analysis system → static structural → double click  
→→Select geometry → right click → import geometry → select browse →open part → ok 
→→ Select mesh on work bench → right click →edit  
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Fig: 4.13 Model (1) of carbon epoxy 

Double click on geometry → select geometries → edit material → 
 
MATERIAL PROPERTIES OF CARBON EPOXY 
Density                     :    1.60 g/cc    
Young’s modulus      :     70.0GPa 
passions ratio           :      0.3 
Select mesh on left side part tree → right click → generate mesh → 
Firstly the static structural again we have to right click in ansys 14.5 software to anylse at the force 14088N the resultant formation is to be obtained 
at the level of ansys program. 
In the resultant formation mesh model of a mild steel leaf spring is to be obtained. 
The mesh is obtained at the force of a 14088N to be formed. 
 

 
Fig: 4.13 Model (2) of carbon epoxy 

 
  Select static structural right click → insert → select force -14088 N 
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Fig: 4.14 force applied on carbon epoxy leaf spring 

 
 Select displacement → select required area → click on apply → put X, Y, Z component zero →  

 
Fig: 4.15 Displacement component of carbon epoxy 

Select solution right click   → solve →   
Solution right click → insert → deformation → total → Solution right click → insert  →  strain  →  equivalent (von-misses) →   
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2. TOTAL DEFORMATION  

 
Fig: 4.16 total deformation of carbon epoxy 

 
  3. VON-MISES STRESS 

 
Fig: 4.17 Von-misses stress of carbon epoxy 
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4. VON-MISES STRAIN 

 
Fig: 4.18 von-misses strain of carbon epoxy 

 
4.5 FATIGUE ANALYSIS 
4 5.1 Life 

 
Fig: 4.19 Life of carbon epoxy leaf spring 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2021/10.07.199 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:7(10), July: 2021 

Online Copy of Article Publication Available: www.ijmer.in 
Digital certificate of publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 4th July  

 Publication Date:30th July 2021 

 

 
51 

 

4.5.2 Damage 

 
Fig: 4.20 Damage of carbon epoxy leaf spring 

 
  4.5.3 Safety factor 

 
Fig: 4.21 Safety factor of carbon epoxy leaf spring 

 
4.6:  MODEL ANALYSIS 
Save CATIA Model as. iges format 
→→Ansys → Workbench→ Select analysis system → model   → double click  
→→Select geometry → right click → import geometry → select browse →open part → ok 
→→ select mesh on work bench → right click →edit 
Firstly, the static structural again we have to right click in ansys 14.5 software to anylse at the force 14088N the resultant formation is to be obtained 
at the level of ansys program. 
In this analysis the model is obtained is at by the double clicking in the ansys workbench tool. In the right clicking the formation of geometry to be 
imported by opening part of a ansys workbench. 
Then go the mesh part at the work bench by clicking the right side we obtained the edit option to be done for meshing. 
In case of a fatigue formation the life and damage and safety factor is obtained at the different values by using ansys workbench. 
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Fig: 4.22 (1) model analysis of carbon epoxy 

 
Double click on geometry → select geometries → edit material → 
 
4.6.1 MATERIAL PROPERTIES OF CARBON EPOXY  
Density                     :     1.60g/cc 
Young’s modulus      :     70.0GPa 
possions ratio           :      0.3 
Select mesh on left side part tree → right click → generate mesh →  
In this analysis the model is obtained is at by the double clicking in the ansys workbench tool. In the right clicking the formation of geometry to be 
imported by opening part of a ansys workbench. 
The geometries and the displacements is obtained at the working of a ansys workbench. 

 
Fig: 4.20 (2) Model analysis of carbon epoxy 

Select displacement → select required area → click on apply → put X, Y, Z component zero →  
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Fig: 4.20 (3) model displacement analysis of carbon epoxy 

 
Select solution right click   → solve →   
Solution right click → insert → deformation  →  total deformation → mode 1 
Solution right click → insert →  deformation  →  total deformation2 → mode 2 
Solution right click → insert →  deformation →  total deformation 3→ mode 3 
Right click on deformation → evaluate all result  
 
4.6.2. TOTAL DEFORMATION  

 
Fig: 4.23 (1) Total deformation of carbon epoxy 
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4.6.3: TOTAL DEFORMATION 2 

 
Fig: 4.23 (2) Deformation of carbon epoxy 

 
 4.6.4: TOTAL DEFORMATION 3 

 
Fig: 4.23 (3) Deformation of carbon epoxy 

 
4.7 STRUCTURAL AND FATIGUE ANALYSIS OF LEAF SPRING 
CASE 3: MATERIAL - S2 GLASS EPOXY 
Save CATIA Model as. iges format 
→→Ansys → Workbench→ Select analysis system → static structural → double click  
→→Select geometry → right click → import geometry → select browse →open part → ok 
→→ Select mesh on work bench → right click →edit  
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Fig: 4.24 Geometry model of S2 glass epoxy 
Double click on geometry → select geometries → edit material  → 
 
4.7.1: MATERIAL PROPERTIES OF S2 glass   
Density                     :       2.46 g/cc 
Young’s modulus      :     86.9 GPA 
possions ratio           :      0.28 
Select mesh on left side part tree → right click → generate mesh →  
In this analysis the model is obtained is at by the double clicking in the ansys workbench tool. In the right clicking the formation of geometry to be 
imported by opening part of a ansys workbench. 
The geometries and the displacements is obtained at the working of a ansys workbench. 

 
Fig: 4.25 Mesh model of S2 glass epoxy 

 Select static structural right click → insert → select force -14088 N 
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Fig: 4.26 force applied on S2 glass epoxy leaf spring 

Select displacement → select required area → click on apply → put X, Y, Z component zero →  
 

 
                            Fig: 4.27 Displacement components at S2 glass epoxy 
 
Select solution right click → solve →   
Solution right click → insert → deformation → total → Solution right click → insert → strain  → equivalent (von-misses) →   
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4.7.2: TOTAL DEFORMATION  

 
Fig: 4.28 Total deformation of S2 glass epoxy 

 
4.7.3: VON-MISES STRESS 

 
Fig: 4.29 Von-misses stress of S2 glass epoxy 
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4.7.4 VON-MISES STRAIN 

 
Fig: 4.30 Von-misses strain of S2 glass epoxy 

 
4.8 FATIGUE ANALYSIS 
 4.8.1 Life 

 
Fig: 4.31 Life of S2 glass epoxy leaf spring 
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4.8.2 Damage 

 
Fig: 4.32 Damage of S2 glass epoxy leaf spring 

   
4.8.3 Safety factor 

 
Fig: 4.33 safety factor of S2 glass epoxy 

 
   
 
4.9 MODEL ANALYSIS 
 Save CATIA Model as .iges format 
→Ansys → Workbench→ Select analysis system → model   → double click  
→Select geometry → right click → import geometry → select browse →open part → ok 
→ Select mesh on work bench → right click →edit  
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Fig: 4.34 (1) Model analysis of S2 glass epoxy 

 
Double click on geometry → select geometries → edit material → 
 
4.9.1 MATERIAL PROPERTIES OF S2 GLASS 
Density                     :    2.46 g/cc    
Young’s modulus      :     86.9GPa 
possions ratio           :      0.28 
Select mesh on left side part tree → right click → generate mesh →  
 

 
Fig: 4.34 Model (2) mesh of S2 glass epoxy 

 
Select displacement → select required area → click on apply → put X,Y,Z component zero → 
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Fig: 4.32 Model (3) displacement of S2 glass epoxy 

 
Fig: 4.35 Force applied on S2 glass epoxy leaf spring 
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4.9.2 TOTAL DEFORMATION (1) 

 
Fig: 4.34 (1) Total deformation of S2 glass epoxy leaf spring 

 
 
 
 
 
 

4.9.3 TOTAL DEFORMATION (2) 

 
Fig: 4.34 (2) Total deformation of S2 glass epoxy leaf spring 
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4.9.4 TOTAL DEFORMATION (3) 

 
Fig: 4.34 (3) Total deformation of S2 glass epoxy leaf spring 

 
 
 
 
4.10 RESULTS  

TABLE: 4.1 STRUCTURAL ANALYSIS 

 
      
 Mild steel 

        
 Carbon epoxy 

 
S2 glass epoxy 

Deformation (mm) 0.038204 0.85182 0.088241 

STRESS (N/mm2) 26.743 26.743 26.944 

STRAIN 0.00013444 0.0029976 0.00031226 

 
TABLE: 4.2 FATIGUE ANALYSIS 

 Mild steel Carbon epoxy 
S2 Glass epoxy 
 

Life 1e6 1e6 1e6 

Damage 6311 6311 4627.4 

Safety factor 15 15 15 

 
  
MODAL ANALYSIS 

TABLE: 4.3 FOR MILD STEEL 
 Mode1 Mode2 Mode3 

Deformation 5.5234 4.6981 3.5216 

Frequency (Hz) 63.928 222.48 2729. 

  
TABLE: 4.4 FOR CABRON EPOXY 

      
 
 
 
 

 Mode1 Mode2 Mode3 

Deformation 13.107 11.149 8.3568 

Frequency (Hz) 31.803 110.68 135.76 
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TABLE: 4.5 FOR S2 GLASS EPOXY 
 
 
 
 
 
 
 
4.11 GRAPHS FOR DEFORMATION STRESS AND STRAIN 
1. FOR DEFORMATION 

 
 

2. GRAPH FOR STRESS (Mpa) 
 

 
 
 
 
 
 
 
 

 Mode1 Mode2 Mode3 

Deformation 9.841 8.3931 6.2781 

Frequency (Hz) 23.883 82.522 101.45 
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3. GRAPH FOR STRAIN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
In this thesis, a leaf spring is designed for Ashok Leyland Viking heavy vehicle. The data is collected from ansys for the specifications of 

the model. The leaf spring is designed for the load of 14087.5N. Theoretical calculations have been calculated for leaf spring dimensions at different 
cases like varying thickness, camber, span and no. of leaves by mathematical approach. In this thesis, analyses have been done by taking materials 
Mild steel, carbon Epoxy s2 glass epoxy. 

 
Structural and modal analysis are conducted on total assembly of leaf spring and for single leaf by using layer stacking analysis, this 

analysis is done for only composites. The results show:  
 
The stresses in the composite leaf spring of design are much lower than that of the allowable stress. 

 
The strength to weight ratio is higher for composite leaf spring than conventional steel spring with similar design. 

 
Weight of the composite spring by using material S2 Glass epoxy 5 times less than steel. For less weight of the spring mechanical 

efficiency will be increased.     
 

In this project it can be concluded that using composite carbon Epoxy is advantageous. 
 
The major disadvantages of composite leaf spring are the matrix material has low chipping resistance when it is subjected to poor road 

environments which may break some fibers in the lower portion of the spring. This may result in a loss of capability to share flexural stiffness. But 
this depends on the condition of the road. In normal road condition, this type of problem will not be there. Composite leaf springs made of polymer 
matrix composites have high strength retention on ageing at severe environments. 

The steel leaf spring width is kept constant and variation of natural frequency with leaf thickness, span, camber and numbers of leaves are 
studied. It is observed from the present work that the natural frequency increases with increase of camber and almost constant with number of leaves, 
but natural frequency decreases with increase of span. The natural frequencies of various parametric combinations are compared with the excitation 
frequency for different road irregularities. 
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