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Abstract:

The design and analysis of leaf springs are pivotal for enhancing the performance and durability of
suspension systems in heavy-duty vehicles. Leaf springs, essential for shock absorption and load
distribution, have traditionally been made from high-carbon steel, valued for its strength and fatigue
resistance. However, the high weight of steel poses challenges in modern vehicle design, where reducing
unsprung mass is critical for improving fuel efficiency and vehicle dynamics. This project investigates the
optimization of leaf spring design by exploring alternative materials, such as fiberglass-reinforced plastics
(FRP), which offer significant weight reductions without compromising performance.

Keywords — Advanced Composite Materials, Structural Optimization, Dynamic Load Analysis,
Materials Science Innovations, Suspension Performance Enhancement.
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particularly in heavy-duty trucks and vehicles
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LINTRODUCTION

The leaf spring is a widely used component in
vehicle suspension systems, known for its
simplicity, durability, and load-carrying
capabilities. As the automotive industry
transitions towards electric vehicles (EVs), the
role of the leaf spring in EVs has become more
crucial, requiring modifications in design,
material selection, and analysis to meet the
unique demands of electric drivetrains.

ILOVERVIEW OF LEAF
DESIGN

The leaf spring is a simple and efficient
component in a vehicle's suspension system
that plays a crucial role in providing stability,
load-bearing capacity, and absorbing shocks. It
has been widely used in automobiles,
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that require superior load-carrying abilities.
However, with the rise of electric vehicles
(EVs), the design and analysis of leaf springs
have gained renewed importance, as optimizing
weight and efficiency is crucial to improving
vehicle performance and extending range.

IIT MATERIALS USED IN LEAF SPRING
High-Carbon Steel: High-carbon steel, such as
55Si2Mn90 or 60Si7, is commonly used for
traditional leaf springs due to its excellent
tensile strength and elasticity. This material can
withstand significant stress and offers good
fatigue life, making it ideal for heavy-duty
applications like trucks and other load-bearing
vehicles. Its durability and cost-effectiveness
contribute to its widespread use in the
automotive industry.
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Fiberglass-Reinforced Plastic (FRP): FRP is a
composite material made by embedding fine
glass fibers within a plastic matrix. It offers a
high strength-to-weight ratio, lightweight
construction, and resistance to corrosion, which
contributes to its growing popularity. FRP leaf
springs help reduce the overall weight of
vehicles, leading to better fuel efficiency and
performance. This material is increasingly used
in modern light-duty and electric vehicles
where weight reduction is a priority.

IV. EVOLUTION OF MATERIALS IN
LEAF SPRING DESIGN

The materials used in leaf spring design have
evolved significantly over the years.
Traditionally, leaf springs were made from
high-carbon steel due to their durability and
strength. However, the demand for lighter
vehicles has pushed engineers to explore other
materials, including composite materials such
as fiber-reinforced plastics, which offer a
higher strength-to-weight ratio.

V.ADVANTAGES OF LEAF SPRINGS IN
ELECTRIC VEHICLES

Leaf springs provide multiple advantages,
especially for electric vehicles:

Simplicity of Design: Leaf springs are
relatively simple and cost-effective to
manufacture. This simplicity also contributes to
ease of maintenance and repair, making

Load Distribution: Leaf springs provide better
load distribution over the vehicle's axles. This
is especially important in electric vehicles,
where the battery pack and motor add
significant weight.

VLTYPES OF LEAF SPRINGS AND
THEIR APPLICATIONS

There are various types of leaf springs used in
vehicle suspension systems, each designed to
cater to specific needs. The most common
types include:

Semi-Elliptical Leaf Springs: These are the
most widely used leaf springs in both
conventional and electric vehicles. They are
simple in design and provide good load-
carrying capabilities.
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Fig. 1 Semi Elliptical Leaf spring

Parabolic Leaf Springs: These are a variation of
the semi-elliptical spring but have a tapered
design, which reduces weight while
maintaining the necessary strength and
flexibility. Parabolic springs are particularly
suitable for electric vehicles as they help in
weight reduction without compromising
performance.

Fig. 1 Parabolic Leaf spring

VILTHEORETICAL ANALYSIS OF
LEAF SPRINGS

The theoretical analysis of a leaf spring
involves understanding how the spring behaves
under load. Key factors to consider include:
Stress and Strain: Analyzing the stress
distribution along the leaf spring's length and
its maximum strain ensures that the spring can
withstand the loads imposed by the electric
vehicle's weight.

Deflection: Deflection is a critical parameter,
as it determines how much the leaf spring will
bend under load. For electric vehicles, the
deflection needs to be optimized to provide the

right balance  between  comfort and
performance.

VIILFINITE ELEMENT ANALYSIS (FEA)
OF LEAFSPRING DESIGN
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Finite Element Analysis (FEA) is a widely used
technique to analyze the performance of leaf
springs under various conditions. Using FEA,
designers can simulate the behavior of the leaf
spring under different loads and environmental
conditions without needing to create multiple
physical prototypes.

Static Analysis: Evaluating how the leaf spring
behaves under static loads, such as the weight
of the vehicle and its passengers.

Dynamic Analysis: Assessing the performance
of the leaf spring under dynamic conditions,
such as driving over rough terrain or during
sudden acceleration and braking.

Material ~ Optimization: FEA  helps in
identifying the best material and thickness
distribution for the leaf spring to achieve
maximum strength with minimum weight.
IXMETHODOLOGY :
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Fig. 3 Methodology
Material Selection: Compare the

mechanical properties of steel vs. fiberglass-
reinforced plastic (FRP).

Design Calculations: Calculate the bending
stress, shear stress, and deflection using
analytical methods. Design the leaf spring
dimensions (width, thickness, and number of
leaves) for a specific load-carrying capacity.

CAD Model Development: Develop a 3D
CAD model of the Ileaf spring using
SolidWorks or AutoCAD.

Finite Element Analysis (FEA): Simulate
loading conditions on the CAD model using
FEA software (e.g., ANSYS).
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Prototype Fabrication: Fabricate two leaf
spring prototypes: one in steel and the other in
FRP.

Experimental Testing: Perform static and
fatigue tests on both prototypes to measure
real-world performance.

Data Analysis and Optimization: Analyze the
experimental and simulation data to identify
areas of improvement in design.

Report and Presentation: Document the results,
including  stress-strain  graphs,load  vs.
deflection curves, and FEA outputs.

Prepare a final report with design
recommendations.

X.PROBLEM STATEMENT

In utility vehicles, leaf springs are a critical
component of the suspension system, providing
essential support for load-bearing and shock
absorption. These vehicles are often subjected
to heavy loads and uneven terrains, where
reliable suspension is necessary to maintain
stability, comfort, and safety. Traditionally,
steel leaf springs have been the material of
choice due to their strength, flexibility, and
availability. However, they come with
significant drawbacks that impact vehicle
performance over time.

One of the primary issues with steel leaf
springs is their heaviness, which contributes to
the vehicle’s overall weight.

XI. 3D MODELLING
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Fig. 3 Isometric View of Leaf Spring

This image shows a 3D model of a multi-leaf
spring assembly created in SolidWorks. The
leaf spring consists of several stacked metal
leaves of varying lengths, forming a robust
structure capable of bearing heavy loads,

ISSN : 2581-7175

©I1JSRED: All Rights are Reserved

Page 117



International Journal of Scientific Research and Engineering Development-— Volume X Issue X, Year

typically used in vehicle suspension systems.
Each end of the main (top) leaf is designed
with mounting eyes that allow it to be attached
securely to the chassis or axle.

XII. ANALYSIS
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Fig.4 Static nodal stress

This image shows the results of a static analysis
on a leaf spring model, likely performed in a
CAD software, such as SolidWorks. The color
gradient bar on the right represents the stress
distribution (likely Von Mises stress), with
values ranging from 4.974e+07 to 4.116e+08.
The regions in red indicate areas experiencing
the highest stress levels, while the blue regions
represent lower stress. The deformation scale is
exaggerated (2292.39) for visual clarity. The
yield strength of the material is marked as
2.482e+08, which suggests that some areas (in
red) exceed this limit, indicating potential
material failure or yielding under the applied
load.

XII.CALCULATION FOR LEAF SPRING
Load (W) = 2 tons = 2000 kg = 19620 N
Length(L)=12m

Material: High-carbon steel (Young’s Modulus,
EEE =210 GPa

Desired total deflection (8) = 120 mm
Factor of Safety (FOS) = 2.0

Initial Assumptions

Let's assume:

Width of the leaf spring (b) = 60 mm
Thickness of each leaf (t) = 10 mm
Calculate Maximum Bending Stress (o)

For a leaf spring, the maximum bending stress
o in terms of load is given by
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6.W.L

ST b2
Where:
W = Load on the spring (19620 N)
L = Span of the leaf spring (1.2 m)
n = Number of leaves
b = Width of the leaf spring (60 mm)
Assume Number of Leaves

For our initial design, we’ll assume n = 5
leaves and check if the stress values are within
allowable limits.

_ 6.19620.1200
7~ 77510.602
Calculating this gives: 6=235.44 MPa

Calculate Deflection (J)

The deflection 6 of a semi-elliptic leaf spring is
3.w.L3
8.n.E.b.t3

EEE = Young’s Modulus for steel = 210 GPa=
210,000 MPa

given by:=8§ =

_3.19620.(1200)*
~8.5.210000.60.103
Calculating this gives: 6~120 mm

Spring Rate (K) Calculation

The spring rate, or stiffness, is the load required
per unit deflection. It is calculated as:

w 19620
K =2=K =

5= 20 163.5 N/mm.

Fatigue Life Estimation

For springs subjected to repeated loading,
fatigue can be a concern. Although this
calculation can be complex and depends on
loading conditions, an estimate can be made
based on material properties and loading cycles.
Fatigue life (in cycles) is determined using S-N
curves or applying safety factors, which
requires knowledge of the material’s endurance
limit. For steel, a typical endurance limit is
about 50% of the yield strength. With a stress
level below this limit and given the calculated
bending stress of 235.44 MPa (below the
endurance limit), the design should have a
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reasonably good fatigue life under normal
operating condition

XII. CONCLUSION

The study and design of a multi-leaf spring
provide valuable insights into the mechanical
properties and performance characteristics
necessary for heavy-duty vehicle applications.
The use of conventional materials such as cast
carbon steel has demonstrated reliable load-
bearing capacity and durability. However, the
exploration of alternative materials, such as
fiberglass-reinforced plastic (FRP), offers
significant advantages. FRP materials provide a
high strength-to-weight ratio, improved fatigue
resistance, and corrosion resistance, which can
contribute to overall vehicle weight reduction
and enhanced fuel efficiency. By replacing
traditional steel with FRP, we can achieve
lighter leaf springs that maintain the required
structural integrity and performance, leading to
better ride comfort and reduced energy

consumption.
XIV. FUTURE SCOPE

The integration of FRP materials in leaf spring
applications opens new pathways for further
research and development. Future work could
focus Advanced Finite Element Analysis (FEA)
to optimize the geometry and layering of FRP
leaf springs for improved stress distribution and

load handling.

Experimental validation of FRP leaf spring

prototypes to compare performance metrics
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such as deflection, vibration damping, and

fatigue life against traditional steel versions.

Hybrid designs that combine steel and FRP

materials to balance cost and performance.

Investigation into sustainability by exploring
bio-composite materials or recycled FRP,
contributing to environmentally friendly
manufacturing.

Development of cost-effective manufacturing
processes for FRP leaf springs, ensuring
scalability and widespread adoption in the
automotive industry.

This approach will not only enhance vehicle
performance but also align with modern trends
toward sustainability and energy efficiency in
mechanical design.
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