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Abstract— Composite materials are ideal for structural 

application where high strength to weight, stiffness to 

weight ratio and force to weight are required. Aircraft and 

spacecraft are typical weight sensitive structures in which 

composite materials are cost effective.  The study of 

composite materials involves many topics for example 

manufacturing processes, anisotropic, elasticity strength of 

anisotropic materials and micromechanics. Here we are 

dealing with automobile component i.e. composite leaf 

spring. Leaf springs are mainly used in suspension systems 

to absorb shock loads in automobiles like light motor 

vehicles, heavy duty trucks and in rail systems. It carries 

lateral loads, brake torque, driving torque in addition to 

shock absorbing. The weight reduction of the leaf spring can 

have a certain role in the general weight reduction of the 

vehicle and is a highly desirable goal, if it can be achieved 

without increase in cost and decrease in quality and 

reliability. Weight reduction can be achieved primarily by 

the introduction of better material, design optimization and 

better manufacturing processes. The suspension leaf spring 

is one of the potential items for weight reduction in 

automobiles un-sprung weight. This achieves the vehicle 

with more fuel efficiency and improved riding qualities. 
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I. INTRODUCTION 

Reducing weight while increasing or maintaining strength of 

products is getting to be highly important research issue in 

this modern world. Composite materials are one of the 

material families which are attracting researchers and being 

solutions of such issue. In this paper we describe carbon 

fiber epoxy composite material analysis for the application 

in leaf springs of automobiles. The objective is by 

comparison of results of composite fiber carbon leaf spring 

with steel leaf spring and experimental validation of it. The 

Automobile Industry has great interest for replacement of 

steel leaf spring with that of composite leaf spring, since the 

composite materials has high strength to weight ratio, good 

corrosion resistance etc. The material selected was epoxy 

carbon fiber is used against conventional steel leaf spring. 

Here a specimen rod of carbon fiber material is molded & 

casted for UTM test. As the actual leaf spring will be 

costlier & need to import. Density & Modules of elasticity 

of that material is determined by experimental analysis.  

 It is possible to reduce the weight of the leaf spring 

considerably by optimizing the design parameters by 

satisfying the all constraints. The introduction of composite 

materials was made it possible to reduce the weight of leaf 

spring without any reduction on load carrying capacity and 

stiffness. For weight reduction in automobiles as it leads to 

the reduction of un-sprung weight of automobile. The 

elements whose weight is not transmitted to the suspension 

spring are called the un-sprung elements of the automobile. 

II. OBJECTIVE 

The objective of the presented work is to mould specimen 

rod of carbon fiber material is molded & casted for UTM 

test. As the actual leaf spring will be costlier & need to 

import. Density & Modules of elasticity of that material is 

determined by experimental test to use these values in FEM 

analysis. FEM results are validated experimentally using 

UTM. This is done to achieve the following. 

(1) By doing UTM test we find (Kg) verse deflection 

(mm) this experiment helps find the modulus of 

elasticity. This is done to replacement of 

conventional steel leaf springs with composite 

mono-leaf spring. 

(2) To achieve substantial weight reduction in the 

suspension system by replacing steel leaf spring 

with mono composite leaf spring. 

III. MATERIAL 

The material used for leaf springs is usually a plain carbon 

steel having 0.90 to 1.0% carbon. The leaves are heat treated 

after the forming process. The heat treatment of spring steel 

products greater strength and therefore greater load capacity, 

greater range of deflection and better fatigue properties 

A. Carbon Fibers: 

Their advantages include high specific strength and 

modulus, low coefficient of thermal expansion and high 

fatigue strength. Graphite, when used alone has low impact 

resistance. Its drawbacks include high cost, low impact 

resistance and high electrical conductivity. 

B. Glass Fibers: 

The main advantage of Glass fiber over others is its low 

cost. It has high strength, high chemical resistance and good 

insulating properties. The disadvantages are low elastic 

modulus poor adhesion to polymers, low fatigue strength 

and high density, which increase leaf spring weight and size. 

Also crack detection becomes difficult. 

IV. PROBLEM 

The introduction of composites helps in designing a better 

suspension system with better ride quality if it can be 

achieved without much increase in cost and decrease in 

quality and reliability. After the FEM results are validated 

experimentally using UTM. Following steps are followed 

for experimental validation. 

V. EXPERIMENTAL ANALYSIS 

Experimental Analysis is done by using UTM and FFT 

analyzer test. 
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Fig. 1:  Experimental Set-up Steps 

(1) Development of Suitable fixture setup is done. 

(2) Selections of location of deflection measurement 

(3) Deflection measurement at predefined loading 

conditions. 

 
Fig. 2: Actual Set-up 

A. Sample Calculation: 

Sample calculation for Load at 50kg 

1) Moment of inertia =   bd
3
 / 12 

Where, 

b = Breadth of specimen. 

d= Height of specimen. 

b = 18mm 

d = 10 mm 

Therefore moment of inertia = 1500mm. 

2) Maximum Deflection at the Center of the Specimen 

ɗ Max = Pl
3
 / 48EI 

Where, 

P = Load applied. 

l = length of specimen. 

I = Moment of inertia. 

ɗ Max = (50 x 9.81 x 3953) / (48 x 38748.6 x 1500) 

ɗ Max = 10.8 mm 

B. FFT Analyzer: 

Natural Frequency of carbon fiber rod is found 

experimentally using FFT analyzer. 

 Modal analysis is the identification of vibration 

characteristics of elastic structures. It consists of describing 

a system by its modal parameters; natural frequencies, 

natural damping and natural modes. This study enables 

better understanding of the vibration phenomenon 

encountered in engineering its purpose is to get data from 

experiment in order to determine system characteristics. One 

can use the data in several ways, depending on the aims to 

reach. 

 Accurate Modal Analysis requires the following: 

 Understanding of the theoretical basis of vibration 

 Accurate measurement of vibration 

 Careful and detailed data analysis 

C. Vibration Measurement System: 

Feature of the measurement scheme is shown in the fig. 

Here motion of the vibrating body is converted into an 

electrical signal by the vibration transducer .In general a 

transducer is a device that transforms the signal changes in 

mechanical quantities (such as displacement, velocity, 

acceleration, force) changes into electrical quantities (such 

as voltage, current).Since the output signal conversion 

instrument is used to amplify the required value. The output 

from the signal conversion instrument can be presented on 

display unit for visual inspection, or by recorder by 

recording device or stored in a computer for later use. 

Depending upon the quantity measured a vibration 

measuring instrument is called a Vibrometer, a velocity 

meter, an accelerometer, a phase meter, or a frequency 

meter. The following consideration often dictates the type of 

measuring instrument to be used in a vibration test 

(1) Size of machine/structure involved. 

(2) Expected range of frequencies and amplitude. 

(3) Condition of operation of the machine 

/equipment/structure. 

(4) Type of data processing used (such as graphical 

display or graphical recording or storing the record 

in signal form for computer processing. 

VI. RESULT TABLES 

A. Loading / Deflection Experimentation of Carbon Fiber 

Specimen Sample Rod at UTM: 

Sr. No. LOAD KG DEFLECTION –MM 

1 50 10.8 

2 100 20.3 

3 150 30.2 

4 200 42.1 

Table 1: Experimentation of Carbon Fiber Specimen Sample 

Rod at UTM 

B. Experimental Results of Natural Frequency of Carbon 

Fiber Epoxy Composite Material Specimen Rod: 

Sr. No. Natural Frequency by FFT analyzer in HZ 

1 1522 

2 2509 

3 4175 

4 6921 

Table 2: Results of Natural Frequency of Carbon Fiber 

Epoxy Composite Material Specimen Rod 
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VII. CONCLUSIONS  

(1) When the load is increasing, of carbon fiber 

specimen sample rod at UTM deflection also 

increases.  

(2) Experimental natural frequency of carbon fiber 

specimen rod is increases with load. 

(3) Composite leaf spring is having greater vibration 

absorbing capacity than conventional steel leaf 

spring. 
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