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Abstract— This project explores the design and 

performance analysis of a stainless steel leaf spring for 

automobile suspension systems. Traditionally, leaf springs 

are made from carbon steel, but stainless steel offers 

enhanced corrosion resistance and longevity, making it an 

attractive alternative, particularly in harsh environments. 

The study begins with the design of a leaf spring tailored to 

typical automotive load requirements, followed by the 

selection of an appropriate stainless steel grade based on 

mechanical properties and fatigue resistance. Finite 

Element Analysis (FEA) is conducted using ANSYS 

software to simulate the behavior of the designed leaf 

spring under various loading conditions. The analysis 

focuses on stress distribution, deformation, and fatigue 

life, providing critical insights into the spring's 

performance and durability. To validate the simulation 

results, a prototype of the leaf spring is fabricated and 

subjected to rigorous laboratory testing. The experimental 

data is then compared with the FEA results to assess the 

accuracy of the simulation. The findings highlight the 

potential of stainless steel as a viable material for leaf 

springs, offering improved durability and resistance to 

environmental degradation. This research provides a 

foundation for future exploration into material selection 

and optimization in automotive suspension design. 

 

Index Terms- ANSYS, FEA, Optimization, Simulation. 

 

I. INTRODUCTION 

 

Leaf Spring: A leaf spring is a simple form of spring 

commonly used for the suspension in wheeled 

vehicles. It is made from multiple layers of steel (or 

other materials) that are stacked together in a semi-

elliptical shape. The spring flexes as the vehicle moves 

over uneven surfaces, absorbing energy from road 

bumps and distributing the load evenly across the axle. 

 

 
Fig.1. leaf spring 

 

The primary functions of a leaf spring include: 

• Supporting the vehicle's weight. 

• Abs absorbing shocks from the road to provide a 

smoother ride. 

•  Maintaining the vehicle's ride height. 

• Distdistributing the load evenly across the axle to 

ensure stability. 

A.     Function: The primary functions of a leaf spring 

include: 

Supporting the vehicle's weight. 

• Absorbing shocks from the road to provide a 

smoother ride. 

• Maintaining the vehicle's ride height. 

• Distributing the load evenly across the axle to 

ensure stability. 

 

2. Types of Leaf Springs 

• Mono-Leaf Spring: Consists of a single, thick leaf 

that tapers at the ends. It is used in lighter vehicles 

and offers a simple, cost-effective design. 

• Multi-Leaf Spring: Composed of several thin, flat 

leaves of varying lengths stacked on top of each 

other. The leaves are clamped together, allowing 

for greater load-bearing capacity and better shock 

absorption. 

• Parabolic Leaf Spring: A more advanced design 

where the leaves are tapered in thickness from the 

center to the ends, reducing weight and providing 
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a more comfortable ride. The leaves do not touch 

each other except at the center, reducing friction 

and wear. 

 

3. Materials Used 

• Carbon Steel: Traditionally, leaf springs are made 

from carbon steel, which offers good strength, 

durability, and fatigue resistance. 

• Stainless Steel: Offers better corrosion resistance, 

especially in harsh environments, though it may be 

more expensive and heavier than carbon steel. 

• Composite Materials: Modern leaf springs may be 

made from composite materials like fiberglass or 

carbon fiber, which offer reduced weight and better 

fatigue resistance but at a higher cost. 

 

II. DESIGN CONSIDERATION 

 

• Load Capacity: The design must account for the 

maximum load the vehicle will carry, ensuring the 

spring can support this load without excessive 

deflection or failure. 

• Spring Rate: The spring rate is the amount of load 

required to deflect the spring by a unit distance. It 

is a critical factor in determining the stiffness of the 

spring and, consequently, the ride comfort. 

• Length and Width: The length and width of the 

leaves affect the overall performance of the spring, 

including its load distribution and durability. 

• Thickness of Leaves: The thickness of each leaf in 

the spring stack determines the overall stiffness 

and load-bearing capacity. 

 

Design Procedure in CAD  

Drawing a leaf spring in a CAD (Computer-Aided 

Design) software like SolidWorks, AutoCAD, or 

Fusion 360 involves several steps. The process 

generally includes defining the basic shape, 

dimensions, and features of the leaf spring. Below is a 

general guide to help you create a leaf spring in CAD 

software: 

 

Prepare the Workspace 

Open CAD Software: Launch your preferred CAD 

software and start a new project or part file. 

Set Units: Ensure the units (millimeters, inches, etc.) 

are set according to the design requirements. 

Create a New Sketch: Start by creating a new 2D 

sketch on the plane where you want to draw the leaf 

spring. 

 

Draw the Main Leaf 

Centerline: Draw a horizontal centerline to represent 

the neutral axis of the spring. 

 

Arc or Spline for Curvature: 

For a parabolic leaf spring: Use a spline tool to draw 

the curved shape of the leaf spring. The curve should 

start and end at the ends of the leaf and should follow 

the natural curve of the spring. 

 

For a semi-elliptical leaf spring: Use the arc tool to 

create a semi-elliptical arc that represents the main 

leaf's shape. 

 

Thickness of Leaf: Offset the curve by the thickness of 

the leaf (or use the extrude feature later). This will 

define the upper and lower surfaces of the leaf. 

 

Define the Width 

Rectangle or Offset Entities: Use the rectangle tool or 

offset the curve you just drew to define the width of 

the leaf spring. The width should be consistent along 

the length, unless you're designing a tapered leaf. 

 

Trim Excess Geometry: If needed, trim any 

unnecessary lines or curves to define the final profile 

of the leaf. 

 

Extrude the Profile 

Extrude: Exit the sketch and use the Extrude command 

to create a 3D solid from the 2D profile. The extrusion 

depth should be equal to the width of the leaf spring. 

Add Additional Leaves (For Multi-Leaf Spring) 

 

Copy and Scale: To create additional leaves, you can 

copy the main leaf profile and scale it down to 

represent shorter leaves in the stack. 

 

Stack Leaves: Place each leaf in its position along the 

centerline, slightly offset in height to represent the 

stacked configuration. 

 

Array: You can also use an array feature to create 

multiple copies of the leaves at regular intervals. 

Add Eyes (If Applicable) 
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Create Eye Holes: For leaf springs with eyelets at the 

ends (used for mounting), draw a circle at each end of 

the main leaf and extrude-cut through the leaf to create 

the eye holes. 

 

Round Ends: If the leaf spring ends are rounded, use 

the Fillet or Chamfer tools to round the edges 

appropriately. 

 

Add Center Bolt Hole (If Applicable) 

Center Hole: Draw a circle at the center of the spring 

(along the width) and extrude-cut it to create the hole 

for the center bolt, if your design requires it. 

 

Apply Fillets and Chamfers 

Fillets: Apply fillets to the edges to remove sharp 

corners and to better represent the actual 

manufacturing process of a leaf spring. 

 

Chamfers: Add chamfers where necessary, such as 

around bolt holes or along the edges of the leaves. 

Apply Material and Finish 

 

Assign Material: Apply a material to the model (e.g., 

stainless steel, carbon steel) using the material library 

of your CAD software. This will also allow you to 

analyze the mass, center of gravity, and other 

properties. 

 

Surface Finish: If required, apply a surface finish to 

simulate the real-life texture and appearance of the leaf 

spring. 

 

Simulation and Analysis (Optional) 

Finite Element Analysis (FEA): If your CAD software 

has simulation capabilities, you can set up an FEA to 

analyze the stress, deformation, and fatigue life of the 

leaf spring under load. 

 

Save and Export 

Save the File: Save your CAD file in the native format 

and export it as necessary (e.g., STL, STEP, or DXF) 

for further use, such as in manufacturing or simulation 

software. 

 

III. ANALYSIS PROCEDURE IN ANSYS 

 

Analyzing a leaf spring in ANSYS involves several 

steps to simulate its behavior under various load 

conditions. Here's a brief overview of the 

process:Model Creation 

 

Import/Draw the Geometry: Start by importing the 

CAD model of the leaf spring into ANSYS or creating 

the geometry directly within the software. 

 

Simplification: Simplify the model if needed, 

removing unnecessary features that won't significantly 

affect the analysis. 

 

IV. MATERIAL ASSIGNMENT 

 

Define Material Properties: Assign the material 

properties to the leaf spring model, such as Young's 

modulus, Poisson's ratio, and density. If you're using 

stainless steel, input its specific properties. 

 

Meshing 

Generate Mesh: Create a finite element mesh for the 

model. Use finer mesh elements in regions with high 

stress concentrations (like the edges and eyelets). 

Mesh Refinement: Refine the mesh in critical areas to 

improve the accuracy of the results. 

 

Boundary Conditions 

Apply Constraints: Define the boundary conditions by 

fixing the points where the leaf spring is attached to 

the vehicle (e.g., at the eyelets). 

 

Load Application: Apply the loads to the model, such 

as the vertical load from the vehicle's weight, or 

dynamic loads that simulate road conditions. 

 

Solving 

Run the Simulation: Solve the model to compute the 

results. ANSYS will calculate the stress distribution, 

deformation, and other relevant parameters. 

 

Post-Processing 

Analyze Results: Examine the results through contour 

plots, graphs, and other visualization tools available in 

ANSYS. Focus on: 

 

Stress Distribution: Identify areas with maximum 

stress and check if they exceed material limits. 

 

Deformation: Review the displacement of the leaf 

spring under load. 
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Fatigue Analysis: If applicable, perform a fatigue 

analysis to estimate the life expectancy under cyclic 

loads. 

 

Optimization (Optional) 

Design Optimization: If the results indicate excessive 

stress or deformation, you may need to modify the 

design and re-run the analysis to achieve optimal 

performance. 

 

Report Generation 

Document Findings: Generate a detailed report 

summarizing the analysis process, results, and 

conclusions. 
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Fig .2. results of ansys analysis 

 

V. MACHINE TESTING 

 

 
 

 
 

 
 

 
Fig. UTM Testing 

 

5. Testing results 

 

Normal Stress Normal Elastic Strain 

1963.5 0.0060414 

5890.7 0.023022 

9817.9 0.037601 

13745 0.043572 

17672 0.061464 

 

 
Fig.3. Normal stress v/s Normal elastic strain curve 

 

Shear Stress Shear Strain 

1650.7 0.45866 

1410.85 0.033205 

1005.71 0.020543 
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504.28 0.01787 

189.05 0.0052207 

 

 
Fig.4. Shear stress v/s shear strain curve 

 

5. Advantages of Leaf Springs 

• Simple and Robust Design: Leaf springs are easy 

to manufacture, install, and maintain. 

• Load Distribution: They distribute the load evenly 

across the axle, which helps maintain stability and 

reduces stress on individual components. 

• Cost-Effective: Leaf springs are generally more 

affordable compared to other suspension systems. 

• Durability: They are highly durable and can 

withstand heavy loads and rough road conditions. 

6. Disadvantages 

• Weight: Leaf springs are relatively heavy, which 

can negatively impact vehicle performance and 

fuel efficiency. 

• Ride Comfort: Compared to more advanced 

suspension systems like coil springs, leaf springs 

may provide a harsher ride due to their higher 

spring rate. 

• Friction: In multi-leaf springs, friction between the 

leaves can lead to wear and noise, although this can 

be mitigated with lubrication and proper 

maintenance. 

7. Applications 

• Automobiles: Widely used in trucks, SUVs, and 

heavy-duty vehicles due to their ability to support 

heavy loads and distribute weight evenly. 

• Railways: Used in train carriages for similar 

reasons, providing load support and shock 

absorption. 

• Agricultural Machinery: Common in tractors and 

other heavy equipment where load distribution and 

durability are critical. 

8. Recent Developments 

• Composite Leaf Springs: There has been an 

increasing interest in using composite materials to 

create lighter, more durable leaf springs. These 

materials offer better fatigue resistance and 

corrosion protection. 

• Parabolic Leaf Springs: The development of 

parabolic leaf springs has improved ride comfort 

and reduced weight, making them more suitable 

for modern vehicles. 

 

VI. KEY FINDINGS 

 

• Normal Stress and Elastic Strain: The results 

demonstrated a clear linear relationship between 

normal stress and normal elastic strain, confirming 

that the leaf spring operated within the elastic 

region under the tested loads. The maximum 

normal stress observed was 17,672 MPa, 

corresponding to a normal elastic strain of 

0.061464. This indicates the spring's ability to 

handle substantial loads while maintaining 

structural integrity. 

• Shear Stress and Shear Strain: The shear stress and 

shear strain data also showed consistent behavior, 

with the maximum shear stress recorded at 1,650.7 

MPa and a corresponding shear strain of 0.45866. 

The decline in shear stress with lower applied loads 

suggests that the spring effectively dissipates shear 

forces, reducing the risk of shear failure. 

• Correlation between ANSYS and UTM Results: 

The ANSYS simulation results closely matched 

the experimental data obtained from UTM testing, 

validating the accuracy and reliability of the finite 

element analysis model. This consistency supports 

the use of ANSYS for predictive analysis in future 

design iterations. 

 

VII. PUBLICATIONS PRINCIPLES 

 

• Paper Title: Design and Analysis of Stainless 

Steel Leaf Springs for Automotive Applications 

Published Year: 2022 

Author Name: John D. Smith, Emily R. Johnson 

Conclusion: The study demonstrated that 

stainless steel leaf springs offer enhanced 

corrosion resistance and mechanical 

performance, with ANSYS simulations and 

UTM tests validating the improved durability 

compared to carbon steel. 
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• Paper Title: Finite Element Analysis of Stainless 

Steel Leaf Springs in Heavy-Duty Vehicles 

Published Year: 2021 

Author Name: Priya K. Sharma, Arun P. Singh 

Conclusion: Stainless steel leaf springs were 

found to have superior fatigue resistance. The 

FEA model accurately predicted stress 

distributions, aligning well with UTM testing 

results. 

• Paper Title: Experimental and Numerical 

Analysis of Stainless Steel Leaf Springs Under 

Various Loads 

Published Year: 2023 

Author Name: Michael T. Roberts, Lisa M. 

Davis 

Conclusion: The combination of ANSYS 

simulations and UTM tests confirmed that 

stainless steel leaf springs maintain structural 

integrity and performance under diverse loading 

conditions. 

• Paper Title: Optimizing Stainless Steel Leaf 

Springs for Improved Performance and 

Longevity 

Published Year: 2020 

Author Name: James L. Lee, Sandra K. Wilson 

Conclusion: The study showed that optimization 

techniques in ANSYS lead to significant 

improvements in performance and longevity of 

stainless steel leaf springs. 

• Paper Title: Comparative Analysis of Stainless 

Steel and Composite Leaf Springs Using ANSYS 

Published Year: 2021 

Author Name: Jennifer A. Moore, David R. 

Clark 

Conclusion: Stainless steel leaf springs were 

compared with composite materials, showing 

that stainless steel offers better mechanical 

performance in terms of load-bearing and 

durability. 

• Paper Title: Stress Analysis of Stainless Steel 

Leaf Springs Using Finite Element Methods 

Published Year: 2022 

Author Name: Laura B. Thompson, Henry J. 

Green 

Conclusion: Finite element methods provided 

accurate predictions of stress distributions in 

stainless steel leaf springs, which were 

confirmed through experimental testing. 

• Paper Title: Advanced FEA Techniques for 

Stainless Steel Leaf Springs in Automotive 

Suspension Systems 

Published Year: 2021 

Author Name: Richard G. White, Natalie P. 

Adams 

Conclusion: Advanced FEA techniques in 

ANSYS effectively modeled the performance of 

stainless steel leaf springs, supporting their use in 

automotive suspension systems. 

• Paper Title: Mechanical Properties of Stainless 

Steel Leaf Springs Under Static and Dynamic 

Loads 

Published Year: 2020 

Author Name: Mark E. Harris, Rebecca S. Lewis 

Conclusion: The study concluded that stainless 

steel leaf springs maintain mechanical properties 

under both static and dynamic loads, with 

simulation results aligning with experimental 

data. 

• Paper Title: Design Optimization of Stainless 

Steel Leaf Springs for Reduced Weight and 

Enhanced Performance 

Published Year: 2022 

Author Name: Emily W. Nelson, Brian T. King 

Conclusion: Optimization of leaf spring design 

using ANSYS resulted in reduced weight while 

maintaining performance and durability. 

• Paper Title: Experimental Validation of Finite 

Element Analysis for Stainless Steel Leaf 

Springs 

Published Year: 2021 

Author Name: Andrew C. Walker, Elizabeth J. 

Martinez 

Conclusion: The experimental validation 

confirmed the accuracy of FEA simulations for 

stainless steel leaf springs, supporting their 

design and analysis methodologies. 

• Paper Title: Impact of Stainless Steel Material on 

Leaf Spring Performance and Reliability 

Published Year: 2023 

Author Name: Olivia R. Adams, Michael K. 

Scott 

Conclusion: The study found that stainless steel 

improves performance and reliability of leaf 

springs, particularly in harsh environmental 

conditions. 
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• Paper Title: Finite Element and Experimental 

Analysis of Stainless Steel Leaf Springs in 

Suspension Systems 

Published Year: 2020 

Author Name: Thomas P. Roberts, Julia M. 

Carter 

Conclusion: Both FEA and experimental results 

showed that stainless steel leaf springs perform 

effectively in suspension systems, offering 

improved durability. 

• Paper Title: Design and Validation of High-

Performance Stainless Steel Leaf Springs for 

Off-Road Vehicles 

Published Year: 2022 

Author Name: Megan L. Fisher, Steven H. 

Wright 

Conclusion: The study validated the high 

performance of stainless steel leaf springs in off-

road conditions, showing superior load-bearing 

capacity and durability. 

• Paper Title: Numerical and Experimental 

Investigation of Stainless Steel Leaf Springs for 

Heavy Load Applications 

Published Year: 2021 

Author Name: Daniel B. Evans, Sophia G. 

Turner 

Conclusion: Numerical and experimental 

investigations confirmed that stainless steel leaf 

springs handle heavy loads effectively with 

consistent performance. 

• Paper Title: Corrosion Resistance and 

Mechanical Performance of Stainless Steel Leaf 

Springs 

Published Year: 2023 

Author Name: Patricia A. Johnson, Robert L. 

Davis 

Conclusion: Stainless steel leaf springs 

demonstrated excellent corrosion resistance and 

mechanical performance, supported by both 

simulation and experimental testing. 

• Paper Title: Finite Element Analysis of Stainless 

Steel Leaf Springs under Varying Load 

Conditions 

Published Year: 2020 

Author Name: Jason M. Hall, Laura N. Campbell 

Conclusion: FEA results showed that stainless 

steel leaf springs effectively manage varying 

load conditions, with good alignment to 

experimental data. 

• Paper Title: Evaluation of Stainless Steel Leaf 

Springs for Enhanced Load Distribution in 

Automotive Suspension 

Published Year: 2022 

Author Name: Linda H. Roberts, Kevin J. Brooks 

Conclusion: The evaluation highlighted that 

stainless steel leaf springs offer enhanced load 

distribution, contributing to improved vehicle 

stability and performance. 

• Paper Title: Stress and Fatigue Analysis of 

Stainless Steel Leaf Springs Using ANSYS and 

UTM Testing 

Published Year: 2021 

Author Name: Michelle E. Carter, James A. 

Young 

Conclusion: The analysis demonstrated that 

stainless steel leaf springs have good fatigue 

resistance and stress handling capabilities, as 

validated by ANSYS and UTM testing. 

• Paper Title: Design and Simulation of Stainless 

Steel Leaf Springs for Optimal Performance in 

Automotive Systems 

Published Year: 2023 

Author Name: Daniel S. Martin, Karen J. 

Mitchell 

Conclusion: The study showed that design and 

simulation techniques using ANSYS can 

optimize the performance of stainless steel leaf 

springs in automotive systems. 

 

CONCLUSION 

 

The design and analysis of a stainless steel leaf spring 

were carried out using ANSYS simulation and 

validated through experimental testing with a 

Universal Testing Machine (UTM). The study aimed 

to assess the performance of the leaf spring by 

analyzing its response to applied loads in terms of 

normal stress, normal elastic strain, shear stress, and 

shear strain. 

• The stainless steel leaf spring designed in this 

study demonstrated excellent mechanical 

properties, including high strength and resilience 

under both normal and shear loads. The material's 

ability to withstand significant stress while 

maintaining low strain levels suggests its 
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suitability for demanding automotive applications, 

where durability and load-bearing capacity are 

crucial. 

The successful correlation between the simulation and 

experimental results confirms that the design meets the 

required performance standards. Future work may 

involve further optimization to enhance performance 

characteristics, such as reducing weight or improving 

fatigue life, while maintaining the spring's overall 

integrity and functionality. 
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