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Abstract 

Leaf spring is an essential part of automotive sector. In this paper we present our work on two types of leaf springs (i.e. Semi-
elliptical and parabolic). The main intention of introducing this paper is to achieve modification in the design. We use input 
parameters like span length (distance between eyes to eyes), camber length (Arc height at axle seat) and Ratio. The model of leaf 
spring prepared with the help of ANSYS design modular (ANSYS 14.0) software and Structural steel and stainless steel were 
used as a Material. Here in this paper we focused on output results like deflection, stresses, factor of safety in stress and factor of 
safety in strain term. Over all simulations of semi-elliptical and parabolic leaf springs have been done on ANSYS 14.0 software 
and under the application of constant amplitude load (50 N). Our work concluded that whenever we change the length of span 
and camber we found that the semi-elliptical leaf spring produce maximum deflection and maximum stresses than the parabolic 
leaf spring under the same boundary condition. Our paper gives the detailed information and process with fine results. 
© 2018 Elsevier Ltd. All rights reserved. 
Selection and/or Peer-review under responsibility of Materials Processing and characterization. 
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1. Introduction 

An automobile industry consists of number of parts and each part having some important characteristics. Leaf 
spring is one of them and used for the purpose of suspension system. The main intention is to introduce suspension 
system to prevent higher shock vibration transformed to passenger. The suspension system also use to pickup 
stabilities of automobile and minimize jerk effect transfer to body and engine. Generally the nature of spring is to 
stored kinetic energy in the form of strain energy. Spring release this kinetic energy into environment without  
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producing any kinds of effects. Kinetic energy is introduced due to irregular road, jerk and break. Commonly leaf 
spring classified on the basis of application and work. Different types of leaf springs are semi-elliptical leaf spring, 
parabolic leaf spring, Elliptical leaf spring, three quarter leaf spring, quarter leaf spring. The complete leaf spring 
consist of number of parts like central bolt, central clamp, rebound clip, eyes. 

An automobile industry consists of number of parts and each part having some important characteristics. 
Leaf spring is one of them and used for the purpose of suspension system. The main intention is to introduce 
suspension system to prevent higher shock vibration transformed to passenger. The suspension system also use to 
pickup stabilities of automobile and minimize jerk effect transfer to body and engine. Generally the nature of spring 
is to stored kinetic energy in the form of strain energy. Spring release this kinetic energy into environment without 
producing any kinds of effects. Kinetic energy is introduced due to irregular road, jerk and break. Commonly leaf 
spring classified on the basis of application and work. Different types of leaf springs are semi-elliptical leaf spring, 
parabolic leaf spring, Elliptical leaf spring, three quarter leaf spring, quarter leaf spring. The complete leaf spring 
consists of number of parts like central bolt, central clamp, rebound clip, eyes.  

Y.S. Kong et.al [1] introduces an idea about fatigue life prediction of parabolic leaf spring under the 
application of load. Manas patnaik et.al [2] investigated and study of mono parabolic leaf spring by (FEM) finite 
element method. Modeling has done with the help of CATIA V5 R20 (software). V.R.Baviskar et.al [3] focused on 
the new concept works under static load condition. Model prepares on CATIA V5 R19 and analyse their design on 
Ansys 14. Subhash chandrabose et.al [4] works on over all study about design and fabrication of leaf spring by using 
(FE) finite element model to achieve optimization of result. Nenad Gubeljak et.al [5] determines fatigue behaviour 
about two importance parameter (i.e. size and material). R.B.Charde et.al [6] deals with the cycling load of leaf 
spring with the help of experimental and by computational method. Analysis of multi leaf spring was done by 
Punam.P.Patil et.al [7]. Mahmut Durus et.al [8] investigated leaf spring under variable condition for optimization of 
better results. Yohannes.Regassa et.al [9] defines variations under application of force or load in automobiles with 
respect to leaf spring. Basaran.Ozmen et.al [10] shows the working capacity and durability about leaf spring cannot 
be predicted as casually without taken number of trail and takes too much time for investigation. J.J.Fuentes et al 
[11] presents the study about pre-mature fracture in leaf spring for identification and understanding more about pre-
mature fracture few processes utilized like failure analysis, visual inspection of fractured specimen and real 
component. Vinkel.Arora et.al [12] presents the most suitable way of experimental technology to analysis and test 
durability of model before it’s introduce for actual work environment. 
 

Nomenclature 
 
M  maximum bending moment 
W  load/force (N) 
I  moment of inertia 
Z section of modulus 
σb  Bending stress (N/mm) or (Mpa) 
ð  maximum deformation (mm) 
R  ratio 
hx   thickness of tapered 
L1  Half length of leaf spring (mm) 
L   span length (eyes to eyes) (mm) 
C camber length (Arc height at axle seat) (mm) 
t thickness of leaf spring (mm) 
d  inner diameter of eye (mm) 
b width of leaf spring (mm) 
FOS factor of safety 
E  Modulus of elasticity 
 



 Pulkit Solanki  et al./ Materials Today: Proceedings 5 (2018) 19441–19455 19443 

1. Analytical design parameters for semi-elliptical and parabolic leaf spring 

 
The section shows the mathematics used for the parametric calculation of leaf spring [13] discussed below and 
shown in Fig.1 (a) and Fig.1 (b) 
a          b 

   
 

    Fig. 1(a) Semi-elliptical leaf spring       Fig. 1(b) parabolic leaf spring 
Fig. 1 Designs of Leaf Spring (a) Semi-elliptical, (b) parabolic 

 
 
Maximum bending moment equation is:- 
     M = W . L          (1) 
Section of modulus equation is:- 
 

                                                                     Z =  IY =  (  .  )//                                                (2) 

 
 

                                                                        Z =   b . t                                                          (3) 

Bending stress is:- 
 

                                                                  σ =  MZ =  W .L(  . )/                                                    (4) 

 
 

                                                                          σ =   .W .L .                                                        (5) 

 
 

                                                                      σ =   .W .  L
η .E .  .                                                         (6) 

 
 
Maximum deflection at the centre of leaf spring is:- 
   

                                                                          δ =  W .L .E .I                                                            (7) 
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Half length of leaf spring:- 
 

                                                                            I =  L
                                                                 (8) 

 
Thickness of tapered area in parabolic leaf spring:- 
 
                                                                      h =  h  (L ) .                                                     (9) 

 
Length of master leaf spring:- 
 
                                                                   2 +  2  ( + )                                                 (10) 

2. Analysis by computational method  

Computation methods were uses here to achieve the accuracy in our work. Generally three types of methods prefers 
for analysis. But in analytical methods there is some kinds of limitation like by analytical method we were able to 
find only maximum value of stress at near about hang point (fixed end) unless we could found the stress away from 
fixed point. But in experimentally and by computational method we were able to achieve the value of stress and 
deformation at desirable points. Experimental method has also taken too much time and it is very costly to prefer 
and utilization of Computational method overcome this all kind of limitations. In the computational method design 
has done with the help of modeling software’s like Catia, UG and Pro-Engineering. The whole analysis part was 
performed on Ansys, Hyper mesh and N-Codes. The main advantage of preferring computational method is, it does 
not take too much time and also having low cost as compare to other method like experimental. So the overall work 
was done on computational method rather than the experimental study and analytical method. We concluded our 
results by taking Material, Design parameter of modal, meshing qualities, and boundary condition in our main 
features. 
              Material used for preparing models is structural steel and stainless steel Table. 1 and 2  
 

Table.1 Stainless steel properties 
S.NO Properties Value Unit 

1 Density 7750 /  

2 Coefficient of thermal expansion 1.7E-05 C-1 

3 Reference temperature 22  

4 Young’s modulus 1.93E+11 Pa 

5 Poisson ratio 0.31  

6 Bulk modulus 1.693E+11 Pa 
7 Shear modulus 7.3664E+10 Pa 
8 Tensile yield strength 2.07E+08 Pa 

9 Compressive yield strength 2.07E+08 Pa 

10 Tensile ultimate strength 5.86E+08 Pa 

11 Compressive ultimate strength 0000  

 

As shown we were taken span length 1712mm, camber height 120mm, inner diameter of eye section 20mm, 
thickness of leaf spring 10mm, width of leaf spring 60mm and force applied on leaf spring 50N shown in Table.3 
design parameter  
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Table.2 Structural steel properties 
S.NO Properties Value Unit 

1 Density 7850 Kg/m3 

2 Coefficient of thermal expansion 1.2E-05 C-1 

3 Reference temperature 22 c 

4 Young’s modulus 2E+11 Pa 

5 Poison ratio 0.3  

6 Bulk modulus 1.6667E+11 Pa 

7 Shear modulus 7.6923E+10 Pa 

8 Tensile ultimate strength 4.6E+08 Pa 

9 Compressive yield strength 2.5E+08 Pa 

10 Tensile yield strength 2.5E+08 Pa 

11 Compressive ultimate strength 0  

12 Cyclic strain hardening exponent 0.2  

13 Cyclic strength coefficient 1E+09 Pa 

14 Strength coefficient 9.2E+08 Pa 

15 Strength exponent -0.106  

16 Ductility coefficient 0.213  

17 Ductility exponent -0.47  

Table.3 The design parameters 
 

S.NO Spring type Abbreviation valve 
1  

 
Semi-elliptical Leaf spring 

Span length (eye to eye length) 1712 mm 
2 Camber (Arc height ) 120 mm 
3 Inner Diameter of eye 20 mm 
4 Thickness of leaf spring 10 mm 
5 Width of leaf spring 60 mm 
6  

 
Parabolic Leaf spring 

Span length (eye to eye length) 1712 mm 

7 Camber (Arc height ) 120 mm 
8 Inner Diameter of eye 20 mm 
9 Thickness of leaf spring 11mm 

10 Width of leaf spring 60 mm 

 

Meshing technique was used to divide model into number of small part for better accuracy of analysis. In both the 
cases the meshing was done on Nodes 16356 & Element 7786. We can observed in Fig.2 and Fig.3 
 
Boundary conditions are basically consists of the input parameter where all data has been fixed under suitable 
manner and the coordinate system specified the axis location of particular portion and model.  
 
The analysis composes of Remote displacement for parabolic and elliptical leaf spring by considering front eye of 
leaf spring rotating about Z –axis and second eye of leaf spring placed free for two type of motion like translation in 
X-axis and rotation about Z-axis and the load was applied on upward Y-axis direction. All the consideration and 
boundary conditions was adopted by us after studding and taking the knowledge of past researchers and their papers. 
We can observed into Fig.4  
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    Fig.2 meshing in leaf spring (semi-elliptical) 

 

Fig.3 meshing in leaf spring (parabolic) 

 

Fig.4 coordinate system arrangement 

3. Result and discussion  

Results and discussion are based on input parameter like span length, camber length and ratio. The graphs shown in 
Fig. 5(a) and Fig. 5(b) conclude the results based on span length and camber length, the maximum deformation 
found in semi-elliptical leaf spring is 5.09mm and the maximum deformation observe in parabolic leaf spring 
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3.8mm at same ratio of leaf spring and minimum deformation of semi elliptical & parabolic leaf spring are 4.0265 
mm and 3.6253 mm respectively under equal amplitude of force. 

Maximum stress introduce in semi elliptical leaf spring 23.60Mpa and in parabolic leaf spring maximum stress 
value observed 21.90Mpa and minimum stress observed in semi elliptical and parabolic leaf spring 19.402Mpa and 
17.424 Mpa respectively at same ratio. Deformation and stress of semi elliptical leaf spring decrease as decrease in 
the ratio of leaf spring similarly stress and deformation decrease with decrease ratio of leaf spring.  

Ratio depend on span length upon camber length the main reason of change ratio is because span length decrease 
and camber length remains constant like 120mm .The minimum value of semi elliptical leaf spring stress higher than 
the minimum value of parabolic leaf spring. Fig. 5(c) and Fig. 5(d) indicated that factor of safety increase in the 
term of factor of safety stress and factor of safety strain. We have used in this paper average valve of factor of 
safety. 
        a 

 
 

Fig. 5 (a) Deformation 
      b         

 
Fig. 5(b) Stress  

 
 

Factor of safety increase with the ratio of leaf spring decrease in both case semi elliptical and parabolic leaf 
spring condition minimum factor of safety value observed at ratio 14.266 and maximum at 14.216 in semi elliptical 
leaf spring in parabolic leaf spring maximum and minimum factor of safety observed at ratio of 14.216 and 14.266 
respectively. Factor of safety increase with decrease the ratio of leaf spring. 
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        c 

 
Fig. 5(c) FOS Stress 

      d 

 
Fig. 5(d) FOS Strain 

Fig. 5 Span length change and camber length remains at constant (a) Deformation, (b) Stress, (c) FOS Stress, (d) 
FOS Strain 

 
Graphical results shown in Fig. 6(a) and Fig. 6(b) shows that maximum stress occurred 23.60Mpa in semi 

elliptical leaf spring and maximum deformation value 5.09mm at the ratio of 14.26 and minimum stress and 
minimum deformation in semi elliptical leaf spring observed 23.15Mpa and 5.073 mm. Maximum stress value in 
parabolic leaf spring 21.9Mpa the deformation value 3.79mm at the same ratio and minimum stress and minimum 
deformation in parabolic leaf spring 17.9Mpa and 3.80mm respectively at ratio of 15.0175. Here analysis and 
optimized are taken place at camber length decreases and span length remains at constant as 1712mm. The ratio of 
span upon camber length increases with decrease the value of stress and deformation in semi elliptical and parabolic 
leaf spring. The minimum value of stress and deformation of semi elliptical leaf spring is higher than the value of 
parabolic leaf spring. 

 
Fig. 6(c), Fig. 6(d) shows that factor of safety increase with increase the ratio of leaf spring maximum 

value of observed at 15.017 and minimum value of factor of safety occurs at 14.26 in semi elliptical leaf spring. In 
the parabolic leaf spring minimum value of factor of safety observer at ratio of 14.266 and maximum value of factor 
of safety located at ratio of 15.017. 
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       a 

 
Fig. 6(a) Deformation 

       b 

 
Fig. 6(b) Stress 

        c 

 
Fig. 6(c) FOS Stress 
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         d 

 
Fig. 6(d) FOS Strain 

Fig.6 Camber length change and Span length remains at constant (a) Deformation, (b) Stress, (c) FOS Stress, (d) 
FOS Strain 

Fig. 7(a) and Fig.7(b) represented that the ratio of span upon camber length decrease when span length and 
camber length of leaf spring increase in semi elliptical and parabolic leaf spring cases. Maximum deformation and 
maximum stress observed in the semi elliptical leaf spring are 5.14mm and 24.30Mpa at 13.63 ratio and minimum 
deformation and minimum stress observed in semi elliptical leaf spring 5.9mm and 23.6Mpa at 14.266ratio. In the 
case of parabolic leaf spring the maximum deformation and maximum stress are 3.86mm and 21.9mpa respectively 
and minimum stress and deformation are 19.5Mpa and 3.70mm respectively. Deformation and stress values increase 
with decrease the value of ratio in case of semi elliptical leaf spring and deformation value decreases and stress 
value increases as ratio of leaf spring decrease. The deformation and stress value higher in semi elliptical leaf spring 
than the deformation and stress of parabolic leaf spring. 

Fig. 7(c), Fig. 7(d) concluded that maximum factor of safety observed at ratio of 14.26 and minimum value 
of factor of safety at ratio of 13.63 in semi elliptical leaf spring. In the parabolic leaf spring minimum value of factor 
of safety observed at ratio of 14.266 and maximum value of factor of safety at ratio of 13.63 and ratio decrease in 
semi elliptical leaf spring with decrease the factor of safety while in parabolic leaf spring factor of increase with 
decrease the ratio of leaf spring.             
          a                                                                                                                                                                                        

 
Fig. 7(a) Deformation 
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            b 

 
Fig. 7(b) Stress 

           c 

 
Fig. 7(c) FOS Stress 

           d 

 
Fig. 7(d) FOS Strain 

Fig. 7 Span length and camber length change simultaneously in increasing order  
(a) Deformation, (b) Stress, (c) FOS Stress, (d) FOS Strain 
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We see in Fig. 8(a) and Fig.8(b) the value of span length and camber length both decrease in the same 
manner and the maximum deformation of semi elliptical leaf spring is 5.9mm and the maximum value of stress is 
24.9Mpa and minimum stress and deformation value observed in leaf spring 23.6Mpa and 5.02mm respectively. In 
case of parabolic leaf spring the value of deformation increase with increase the ratio of leaf spring as shown value 
of maximum deformation is 3.8mm but the stress value decrease with the ratio increase the value of maximum stress 
is 21.9Mpa and minimum stress and minimum deformation observed 19.9Mpa and 3.7mm respectively. The main 
causes of ratio changes in this portion is due to decrease in span and camber length simultaneously.   

Fig.8(c) Fig.8 (d) shows that in the parabolic leaf spring minimum value of factor of safety observer at ratio 
of 14.266 and maximum value of factor of safety located at ratio of 14.96 and maximum value of factor of safety in 
semi elliptical leaf spring at ratio of 14.26 while minimum value observed at ratio of 14.96. In semi elliptical leaf 
spring factor of safety decrease with increase the ratio of leaf spring and factor of safety value in parabolic leaf 
spring increase with increase ratio of leaf spring. 
            a 

 
Fig.8 (a) Deformation 

 
           b 

 
Fig 8(b) Stress 
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              c 

 
Fig.8(c) FOS Stress 

              d 

 
 

Fig.8 (d) FOS Strain 
Fig. 8 Camber length and Span length change simultaneously in decreasing order 

 (a) Deformation, (b) Stress, (c) FOS Stress, (d) FOS Strain 
 

4. Conclusion 

 After the study of parabolic and semi-elliptical leaf spring we had obtained following outputs. 
 
1. Semi-elliptical type of leaf spring shows poor results as compare to parabolic leaf spring at same boundary 

condition and same application of loads. 
 

2. As we decrease the value of span length in both the conditions we observed that the deflection and stress of 
semi-elliptical 5.081 and 23.584 respectively is higher as compare to parabolic leaf spring where deflection 
and stress is 3.7989 and 21.901 respectively. 

 
3. We see in our study that if the ratio of span and camber length increase in case of semi-elliptical leaf spring 

then with the increase of this ratio the value of deformation goes down and stress increases. In case of 
parabolic leaf spring with the increase in this ratio the opposite condition occurs means the value of stress 
decreases and deformation increases.   
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4. We also noted that when we decrease the camber length in both the conditions the deflection and stress of 

semi-elliptical leaf spring shows higher values.  
 

5. We have observed that ratio of leaf spring decrease with decrease the span length then average amount of 
factor of safety of semi elliptical and parabolic leaf spring increase at same ratio. 

 
6. The ratio of leaf spring is depend on span length and camber length we have seen that ratio of leaf spring 

increase with decrease the camber length and average amount of factor of safety increase in both case semi 
elliptical and parabolic. 

 
7. To study of two type of leaf spring we have found in case of semi elliptical leaf spring when span length and 

camber length increase the ratio of leaf spring automatically decrease and factor of safety decrease in terms of 
factor of safety stress and factor of safety strain. And in case of parabolic leaf spring ratio of leaf spring 
decrease and factor of safety increase in terms of factor of safety stress and factor of safety strain. 

 
8. Fig shows that in case of semi elliptical leaf spring when span length and camber length decrease the ratio of 

leaf spring increase and average amount of factor of safety decrease in terms of factor of safety stress and 
factor of safety strain. And in case of parabolic leaf spring ratio of leaf spring increase and factor of safety 
increase in the form of factor of safety strain and factor of safety stress. 

 
9. We found after study of semi elliptical and parabolic leaf spring whose model prepare by stainless steel 

maximum deformation and maximum stress observed in semi elliptical leaf spring than parabolic leaf spring at 
same ratio. 
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