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Abstract — This study article describes the many kinds of 

content. and discover the ideal leaf spring This research 

presents a comprehensive analysis and design process for leaf 

springs using SolidWorks and ANSYS, two powerful 

engineering software tools. Leaf springs are essential 

components in vehicular suspension systems, providing 

support and stability for various transportation applications. 

This study aims to enhance the performance and reliability of 

leaf springs through a systematic approach that combines 3D 

modeling, simulation, and optimization techniques and finds 

more effective and high strength. With many superior 

qualities, including cost, cost-effectiveness, and weight. With 

the use of SOLIDWORK2020 & ANSYS18.1, the major goal 

of this study work is to determine whether the novel radius 

for leaf springs is more cost-effective and lighter than existing 

materials. 
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I. INTRODUCTION 

A suspension system consists of a spring and a damper. The 

energy of road shock causes the spring to oscillate. These 

oscillations are restricted to a reasonable level by the damper, 

which is more commonly called a shock absorber. A spring is 

defined as an elastic body, whose function is to distort when 

loaded and to recover its original shape when the load is 

removed. 

 The leaf spring is main element of the suspension 

system. It can control for the wheels during acceleration, 

braking and turning, and general movement caused by the 

road undulations. 

 Leaf spring was first introduced in the seventeenth 

century to support the body of hours drawn coaches. Today, 

leaf springs are manufactured from carbon steel alloys (low, 

medium to high alloy), which it has very high yield strength, 

allowing the spring to return to its original shape after it has 

been deflected without deformation. Leaf spring leaves are 

short peened in manufacturing to reduce surface stress and 

lessen the possibility of a stress riser that could lead to 

cracked or broken spring. 

 The stain energy absorbed by the leaf spring needs 

to be maximized. 

The strain energy follows the equation below: 

𝑢 = 𝜎2/2𝜌𝐸   (1) 

where: 

U = Strain energy, 

𝜎 = Strength, 

𝜌 = Density 

E = Leaf spring’s Young’s modulus. 

 
Fig. 1: Leaf spring 

II. METHODOLOGY 

Here is the process flow diagram to understand the procedure 

to get results of static structural analysis on leaf spring  

 
Fig. 2: Flow chart 

III. MATERIAL 

The term "composite" refers to a structural component that 

combines two or more materials. The use of composite 

materials is generally permitted when desired qualities can be 

obtained. When the constituent elements are employed 

separately, these desired qualities cannot be obtained. The 

most prevalent type of composite material is a fibrous 

composite, which is formed of reinforcing fibres enmeshed in 

a matrix material. 

 Acrylic E-glass the term "UD" describes a 

unidirectional (UD) composite material consisting of E-glass 

fibres and epoxy resin. By arranging all fibres in a single 

direction, unidirectional composites are created. Glass-based 

e-glass fibres possess exceptional levels of strength, stiffness, 

and chemical resistance. Epoxy resins are thermosetting 
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polymers with strong chemical resistance, great mechanical 

qualities, and outstanding adherence to a variety of substrates. 

Numerous industries, including aerospace, automotive, 

marine, and sporting goods, employ epoxy E-glass UD. It is 

employed in the production of structural elements including 

shells, plates, and beams. 

Sr. No. Parameter Value 

1 Tensile Strength (MPa) 900 

2 Compressive Strength (MPa) 450 

3 Poisson’s Ratio 0.217 

4 Density (Kg/m3) 2.16*105 

5 Flexural modulus (E) (MPa) 40000 

Table 1: Properties of E-Glass/ Epoxy composite leaf spring 

IV. MODELING OF LEAF SPRING 

Initially the leaf spring has to be designed in the 

SolidWorks2020 software as a 3D model. The type of spring 

we designed here is a general shape of multi-leaf spring. Fig.1 

which have three levels. With four leaves, from leaf 1 to leaf 

4, the first stage is dubbed "make master leaf second stage," 

and the second stage, known as "helper spring. Third stage 

create nuts and bolts; fourth stage: assemble all components. 

This model's distinctive feature is a multi-leaf spring with 

variable or progressive rate, allowing the ride characteristics 

to be adjusted across a wide load range. Once the software's 

designing step is complete, we must use ANSYS software to 

process the analysis. The SolidWorks file must be saved as a 

STEP (Standard for the Exchange of Product) file in order to 

be converted to ANSYS.Figure.2 displays the model created 

using 3D modeling software. 

 
Fig. 3: 3D model of Leaf Spring 

V. THEORETICAL FORMULATION  

In this study, the leaf spring has been considered as a single 

cantilever solid triangle which is an equivalent beam of 

uniform strength having four-leaf springs for multi-leaf 

spring, and spring with four leaves of the rectangular cross-

section is considered. 

 
Fig. 4: Leaf spring (cantilever type). 

The cantilever beam is extremely visible to both bending and 

diagonal shear stress. So, the mathematical modeling can be 

resulting standing from the cantilever sunbeam nature 

containing a width (b) thickness (t), and length of the plate 

(L) as shown in Fig. 3. Bending stress in such spring and the 

maximum deflection for a cantilever with a concentrated load 

at the free end is given respectively as shown below: 

𝜎 =
𝑀

𝑍
=

𝑊𝐿
𝑏𝑡2

6

=
6𝑊𝐿

𝑏𝑡2
                                               ( 2) 

𝛿𝑀𝐴𝑋 =
𝑊𝐿3

3𝐸𝐼
=

𝑊𝐿3

3𝐸 ×
𝑏𝑡3

12

 
4𝑊𝐿3

𝐸𝑏𝑡3
=

2𝜎𝐿2

3𝐸𝑡
             (3) 

VI. VALIDATION 

The convergence and validation test has been conducted to 

check the accuracy of the proposed model. 

Combined Data of Base paper Validation 

Sr. No. Time Duration Present work P.R and K. K 

1 0.25 1.4111 1.3111 

2 0.50 2.911 2.811 

3 0.75 4.1284 4.2284 

4 1 5.344 5.2444 

Table 2: Deformation(mm) 

 
Fig. 5: Comparison Deformation previous and present work 

Sr. No. Time Duration Present work P.R and K. K 

1 0.25 0.0019466 6.70E-07 

2 0.50 0.0038881 0.0028881 

3 0.75 0.0058297 0.0048297 

4 1 8.99E-03 8.99E-03 

Table 3: Strain 

 
Fig. 6: Comparison Strain previous and present work 
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Sr. No. Time Duration Present work P.R and K. K 

1 0.25 11.957 1.17E+01 

2 0.50 23.9 23.3392 

3 0.75 35.843 35.0088 

4 1 59.11 5.83E+01 

Table 4: Stress (Mpa) 

 
Fig. 7: Comparison Stress previous and present work 

VII. RESULTS 

The results we obtained from the ANSYS are Total 

deformation, Equivalent elastic strain, Equivalent Stress (von 

Mises). All three results are obtained for each radius and each 

load chosen and compared 

 After applying a load of 600N, it can be inferred 

from Fig. 8 the maximum deformation occurred at the 2nd eye 

which is equal to 6.8735mm. The minimum deformation 

occurs at the 1st eye which is equal to 0.66135mm Fig.9 

denotes the equivalent elastic strain which is minimum at 

nearby top of the 1st leaf which is equal to 1.2318e-7 unit. 

Fig.10 shows the maximum stress as 37.712 MPa. The 

combined data of R1(1150) is given in Table.5 

 
Fig. 8: Analysis image for parameters of R1(1150) 

Deformation. 

 
Fig. 9: Analysis image for parameters of R1(1150) 

Equivalent Elastic Strain. 

 
Fig. 10: Analysis image for parameters of R1(1150). 

Equivalent Stress. 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 0.66135 6.8735 

2 
Equivalent elastic 

strain 
1.2318e-7 0.0017771 

3 
Equivalent stress 

(Mpa) 
0.0018396 37.712 

Table 5: Combined Data of R1(1150) and Load 600N 

 After applying a load of 600 N, it can be inferred 

from Fig.11, the maximum deformation occurred at the 2nd 

eye which is equal to 6.1762mm. The minimum deformation 

occurs at the 1st eye which is equal to 0.62066mm Fig.12, 

which denotes the equivalent elastic strain which is minimum 

at near the Centre which is equal to 1.8799e-7 unit. Fig.13, 

shows the maximum stress as 37.723Mpa. The combined data 

of R2(1250) is given in Table 6. 

 
Fig. 11: Analysis image for parameters of R1(1250) 

Deformation 

 
Fig. 12: Analysis image for parameters of R1(1250) 

Equivalent Elastic Strain. 

 
Fig. 13: Analysis image for parameters of R1(1250). 

Equivalent Stress. 
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Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 0.62066 6.1762 

2 
Equivalent elastic 

strain 
1.8799e-7 0.0016761 

3 
Equivalent stress 

(Mpa) 
0.0012374 37.723 

Table 6: Combined Data of R1(1250) and Load 600N 

 After applying a load of 600 N, it can be inferred 

from Fig.14, the maximum deformation occurred at the 2nd 

eye which is equal to 5.4722mm. The minimum deformation 

occurs at the 1st eye which is equal to 0.60263mm Fig.15, 

which denotes the equivalent elastic strain which is minimum 

at near the Centre which is equal to 2.4191e-7 unit. Fig.16, 

shows the maximum stress as 44.584 Mpa. The combined 

data of R3(1350) is given in Table 7. 

 
Fig. 14: Analysis image for parameters of R1(1350) 

Deformation 

 
Fig. 15: Analysis image for parameters of R1(1350) 

Equivalent Elastic Strain. 

 
Fig. 16: Analysis image for parameters of R1(1350). 

Equivalent Stress 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 0.60263 5.4722 

2 
Equivalent elastic 

strain 
1e-7 0.0017771 

3 
Equivalent stress 

(Mpa) 
0.0018396 37.712 

Table 7: Combined Data of R1(1350) and Load 600N 

 After applying a load of 800N, it can be inferred 

from Fig.17 the maximum deformation occurred at the 2nd eye 

which is equal to 9.1647 mm. The minimum deformation 

occurs at the 1st eye Fig.18, denotes the equivalent elastic 

strain which is minimum at nearby top of the 1st leaf which is 

equal to 1.6425e-7 unit. Fig. 19, shows the maximum stress 

as 50.283 MPa. The combined data of R1(1150) is given in 

Table.8 

 
Fig. 17: Analysis image for parameters of R1(1150) 

Deformation. 

 
Fig. 18: Analysis image for parameters of R1(1150) 

Equivalent Elastic Strain. 

 
Fig. 19: Analysis image for parameters of R1(1150) 

Equivalent Stress. 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 0.8818 9.1647 

2 
Equivalent elastic 

strain 

1.6425e-

7 
0.0023695 

3 
Equivalent stress 

(Mpa) 
0.002458 50.283 

Table 8: Combined Data of R1(1150) and Load 800N 

 After applying a load of 800 N, it can be inferred 

from Fig.20, the maximum deformation occurred at the 2nd 

eye which is equal to 8.235 mm. The minimum deformation 

occurs at the 1st eye. Fig.21, denotes the equivalent elastic 

strain which is minimum at near the Centre which is equal to 

2.506e-7 unit. Fig.22, shows the maximum stress as 50.298 

Mpa. The combined data of R2(1250) is given in Table.9. 

 
Fig. 20: Analysis image for parameters of R2(1250) 

Deformation. 
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Fig. 21: Analysis image for parameters of R2(1250) 

Equivalent Elastic Strain. 

 
Fig. 22: Analysis image for parameters of R2(1250) 

Equivalent Stress. 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 0.82754 8.235 

2 
Equivalent elastic 

strain 
2.506e-7 0.0022348 

3 
Equivalent stress 

(Mpa) 
0.0016499 80.298 

Table 9: Combined Data of R2(1250) 

 After applying a load of 800 N, it can be inferred 

from Fig.23, the maximum deformation occurred at the 2nd 

eye which is equal to 7.2963 mm. The minimum deformation 

occurs at the 1st eye. Fig.24, denotes the equivalent elastic 

strain which is minimum at near the Centre which is equal to 

3.2256e-7 unit. Fig.25, shows the maximum stress as 59.445 

Mpa. The combined data of R3(1350) is given in Table.10. 

 
Fig. 23: Analysis image for parameters of R3(1350) 

Deformation. 

 
Fig. 24: Analysis image for parameters of R2(1350) 

Equivalent Elastic Strain. 

 

 
Fig. 25: Analysis image for parameters of R3(1350) 

Equivalent Stress. 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 0.80351 7.2963 

2 
Equivalent elastic 

strain 
3.2256e-7 0.002019 

3 
Equivalent stress 

(Mpa) 
0.0016233 59.445 

Table 10: Combined Data of R3(1350) 

 After applying a load of 1000N, it can be inferred 

from Fig.26, the maximum deformation occurred at the 2nd 

eye which is equal to 11.456mm. The minimum deformation 

occurs at the 1st eye which is equal to 1.1023 Fig.27, denotes 

the equivalent elastic strain which is minimum at nearby top 

of the 1st leaf which is equal to 2.0531e-7 unit. Fig.28, shows 

the maximum stress as 62.854MPa. The combined data of 

R1(1150) is given in Table.11. 

 
Fig. 26: Analysis image for parameters of R2(1150) 

Deformation. 

 
Fig. 27: Analysis image for parameters of R2(1150) 

Equivalent Elastic Strain. 

 
Fig. 28: Analysis image for parameters of R2(1150) 

Equivalent Stress. 
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Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 1.1023 11.456 

2 
Equivalent elastic 

strain 
2.0531e-7 0.0029619 

3 
Equivalent stress 

(Mpa) 
0.0030661 62.854 

Table 11: Combined Data of R1(1150) and Load 1000N 

 After applying a load of 1000N, it can be inferred 

from Fig.29, the maximum deformation occurred at the 2nd 

eye which is equal to 10.294mm. The minimum deformation 

occurs at the 1st eye which is equal to 1.0344 Fig.30, denotes 

the equivalent elastic strain which is minimum at near the 

Centre which is equal to 3.1326e-7 unit. Fig.31, shows the 

maximum stress as 62.872 Mpa. The combined data of 

R2(1250) is given in Table.12. 

 
Fig. 29. Analysis image for parameters of R2(1250) 

Deformation. 

 
Fig. 30. Analysis image for parameters of R2(1250) 

Equivalent Elastic Strain. 

 
Fig. 31. Analysis image for parameters of R2(1250) 

Equivalent Stress. 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 1.0344 10.294 

2 
Equivalent elastic 

strain 
3.1326e-7 0.27935 

3 
Equivalent stress 

(Mpa) 
0.0020621 62.872 

Table 12: Combined Data of R1(1250) and Load 1000N 

 After applying a load of 1000N, it can be inferred 

from Fig.32, the maximum deformation occurred at the 2nd 

eye which is equal to 9.1204mm. The minimum deformation 

occurs at the 1st eye which is equal to 1.0044 Fig.33, denotes 

the equivalent elastic strain which is minimum at near the 

Centre which is equal to 4.032e-7 unit. Fig.34, shows the 

maximum stress as 74.306 Mpa. The combined data of 

R3(1350) is given in Table.13. 

 
Fig. 32: Analysis image for parameters of R3(1350) 

Deformation. 

 
Fig. 33: Analysis image for parameters of R2(1350) 

Equivalent Elastic Strain. 

 
Fig. 34: Analysis image for parameters of R3(1350) 

Equivalent Stress. 

Sr.No. Parameter Minimum Maximum 

1 Deformation (mm) 1.0044 9.1204 

2 
Equivalent elastic 

strain 
4.032e-7 0.0025238 

3 
Equivalent stress 

(Mpa) 
0.0020293 74.306 

Table 13: Combined Data of R1(1350) and Load 1000N 

Sr. No. Radius 600N 800N 1000N 

1 R1(1150M) 6.8735 9.1647 11.456 

2 R2(1250M) 6.1762 8.235 10.294 

3 R3(1350M) 5.4722 7.2963 9.1204 

Table 14: Comparison of different radius (R) and Load 

Deformation: - 

 
Fig. 35: Graphical representation of Deformation vs Load 
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Sr.No. Radius 600N 800N 1000N 

1 R1(1150M) 0.0017771 0.0023695 0.0029619 

2 R2(1250M) 0.0016761 0.0022348 0.0027935 

3 R3(1350M) 0.0015143 0.002019 0.0025238 

Table 15: Strain 

 
Fig. 36: Graphical representation of Strain vs Load 

Sr. No. Radius 600N 800N 
1000N 

 

1 R1(1150M) 37.712 50.283 62.854 

2 R2(1250M) 37.723 50.298 62.872 

3 R3(1350M) 44.584 59.445 74.306 

Table 16: Stress 

 
Fig. 37: Graphical representation of Stress vs Load 

VIII. CONCLUSION 

The leaf spring under static load conditions is studied and 

experimental results like deformation, strain, and stress are 

obtained with the help of ANSYS. The comparative results of 

all the radius are presented in Table 14,15,16 From the 

analysis of the different load used for producing leaf spring, 

the following conclusions were made 

 The Radius of R3(1350) is good and it have a less 

deformation under the fixed support and force. Then the 

other two Radius. 

 Radius of R3(1350) is wearing more load and is more 

effective 

 Finally, parameters such as deformation, stress, and 

strain, when compared with other Radius R3(1350) have 

low values making it fit for leaf spring manufacturing. 
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