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Abstract

The suspension system is a critical component of any vehicle, including two-wheelers, as it plays a vital role in
maintaining ride comfort, stability, and safety. Helical springs are commonly used in two-wheeler suspension
systems due to their high strength-to-weight ratio, durability, and cost-effectiveness. However, the design and
optimization of helical springs for two wheeler suspension systems remain a challenging task due to their
complex behavior under various loading conditions.

The project titled ““ Design and Analysis of Helical Spring in Two Wheeler Suspension System” focuses on the
design and analysis of helical springs used in the suspension system of two-wheelers.In this project , steel
helical sprigs used in automobiles are replaced with Aluminium Alloy NL , Structural Steel and Titanium Alloy.
The project involves the use of computer-aided design (CAD) software (SOLIDWORKS) to model the spring
geometry and finite element analysis (FEA) (ANSYS) to simulate its behavior under different loading scenarios.
The study aims to provide insights into the behavior of helical spring and improve their design for better ride
comfort, handling, and stability of two-wheelers. The results obtained from the analysis will be validated
through experimental testing of the designed spring. The findings of this study are expected to contribute to the
development of better suspension systems for two-wheelers, leading to safer and more comfortable rides.
Keywords: Helical Spring, Suspension System, Solidworks, ANSYS.
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l. INTRODUCTION
1.1 Introduction to Helical Spring

The suspension system plays a vital role in ensuring a comfortable and safe ride for vehicles,
particularly in the case of two-wheelers. One crucial component of the suspension system is the helical spring,
which provides support, absorbs shocks, and maintains stability while traversing uneven terrains. Designing an
efficient and effective helical spring for two-wheeler suspension systems is a challenging task that requires
careful consideration of various factors such as load capacity, spring rate, durability, and weight.

Helical springs are fundamental mechanical components widely used in various industries and
applications due to their ability to store and release energy in the form of mechanical force. These springs are
designed in a coiled shape, with a helix or spiral configuration, and are primarily used to absorb and distribute
forces, provide support, and maintain equilibrium in mechanical systems.

The design and function of helical springs make them essential in numerous applications, ranging from
simple everyday objects to complex industrial machinery. They are commonly found in automotive suspension
systems, industrial machinery, aerospace equipment, consumer products, and even small-scale mechanisms like
pens and watches.

The primary purpose of a helical spring is to resist deformation when subjected to an external force,
known as the load or the applied load. When the spring is compressed, stretched, or twisted, it exerts a
counteracting force in the opposite direction, known as the reactive force. This characteristic allows helical
springs to store potential energy and release it when the applied force is removed, making them indispensable in
applications requiring oscillation, vibration damping, shock absorption, and force distribution.

The design considerations for helical springs involve various factors, such as material selection, wire
diameter, coil pitch, number of active coils, and spring index. These parameters determine the spring's
mechanical properties, including stiffness or spring rate, maximum load capacity, deflection range, and fatigue
life. Selecting the appropriate spring design parameters is crucial to ensure optimal performance, reliability, and
safety in the intended application.
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Advancements in spring manufacturing techniques, material science, and computational analysis have
led to the development of highly efficient and specialized helical springs. Materials commonly used in helical
spring production include high-carbon steel, stainless steel, alloy steels, and non-ferrous alloys. Additionally,
the advent of computer-aided design (CAD) software and finite element analysis (FEA) tools has enabled
engineers to accurately simulate and analyze the behavior of helical springs under various loading conditions,
facilitating optimized designs and improved performance.

Helical springs have revolutionized numerous industries by providing solutions to complex engineering
challenges. Their ability to withstand high loads, exhibit predictable and repeatable behavior, and maintain their
structural integrity over extended periods makes them indispensable in ensuring the efficient functioning of
mechanical systems. Whether in automotive suspension systems, industrial machinery, or everyday consumer
products, helical springs continue to play a vital role in enhancing performance, reliability, and safety across a
wide range of applications.

1.2 Applications of Helical Springs

Helical springs find applications in a wide range of industries and products due to their versatility and ability to
provide mechanical support and absorb and distribute forces. Here are some of the common applications of
helical springs:

Automotive Industry: Helical springs are extensively used in the automotive sector, particularly in suspension
systems. They help absorb shocks, maintain stability, and provide a comfortable ride. They can be found in coil
springs used in independent suspension systems, torsion bars, and valve springs in engines.

Industrial Machinery: Helical springs are employed in various industrial machinery and equipment. They are
used in vibratory feeders, conveyor systems, presses, clutches, brakes, and heavy machinery to provide support,
absorb vibrations, and ensure smooth operation.

Aerospace and Defense: Helical springs are crucial in aerospace and defense applications. They are used in
landing gear systems, control mechanisms, missile systems, aircraft seating, and parachute deployment systems,
providing reliability, shock absorption, and force distribution in critical operations.

Consumer Products: Helical springs can be found in a wide range of consumer products. They are used in
mattress coils, furniture springs, door locks, retractable pens, watches, and toys to provide comfort, adjustability,
and reliable mechanisms.

Medical Devices: Helical springs play a vital role in various medical devices. They are used in surgical
instruments, prosthetics, orthopedic implants, and hospital equipment, ensuring proper functioning and support
in critical medical applications.

Electronics and Electrical Applications: Helical springs are utilized in electrical contacts, connectors, switches,
relays, and battery contacts. They provide electrical conductivity, ensure proper connection, and assist in
mechanical movements.

Construction and Architecture: Helical springs find applications in the construction and architecture industry.
They are used in doors, windows, garage doors, and overhead doors to provide counterbalancing force, allowing
smooth and controlled opening and closing.

Oil and Gas Industry: Helical springs are used in oil and gas exploration and production equipment. They can be
found in valves, pressure relief devices, drilling equipment, and downhole tools, where they assist in providing
reliable operation under extreme conditions.

Scientific and Laboratory Equipment: Helical springs are used in scientific instruments, laboratory equipment,
and precision measurement devices. They assist in controlling forces, maintaining alignment, and ensuring
accurate readings.

Railway and Transportation: Helical springs are employed in railway systems, such as bogie springs, coupler
springs, and suspension systems. They provide stability, absorb vibrations, and ensure safety in rail transport.
These applications highlight the versatility and importance of helical springs in various industries, where they
contribute to the efficiency, performance, and safety of mechanical systems and products.
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1.3 Parts of Helical Spring

The main components of a helical spring include:

Wire: The wire is the primary material used to create the helical spring. It is typically made of various materials
such as high-carbon steel, stainless steel, alloy steel, or non-ferrous alloys. The wire is coiled into a helix shape
to form the spring.

Body: The body of the helical spring refers to the entire coiled structure. It consists of a series of turns or coils
that form the spring's shape. The body provides flexibility, elasticity, and the ability to store and release
mechanical energy.

Ends: The ends of the helical spring are the portions where the wire terminates. There are different types of ends
depending on the specific application. The ends can be open, closed and ground, closed and not ground, or
shaped with various hooks or loops.

Active Coils: Active coils refer to the coils of the spring that contribute to its flexibility and deflection under
load. These coils are responsible for absorbing and distributing forces, providing the spring's characteristic
properties, such as spring rate and load-carrying capacity.

1.4 Types of Helical Springs

There are many types of helical springs, each with its own unique properties and applications. Here are a few of
the most common types:

Compression springs: Compression springs are the most common type of helical spring. They are designed to
resist compression forces. Compression springs are used in a wide variety of applications, including suspension
systems, valves, and clamps.

Fig 1.1 Compression Spring

Extension springs: Extension springs are the opposite of compression springs. They are designed to resist
extension forces. Extension springs are used in applications where it is necessary to absorb energy, such as
shock absorbers and trampolines.

Fig 1.2 Extension Spring

Torsion springs: Torsion springs are designed to resist twisting forces. Torsion springs are used in applications
where it is necessary to transmit torque, such as car steering

Fig 1.3 Torsion Spring

Variable pitch springs: Variable pitch springs have a varying pitch, or distance between coils. This allows them
to be more compact than conventional springs while still providing the same amount of force. Variable pitch
springs are used in applications where space is limited, such as watches and cameras.

Fig 1.4 Variable Pitch Spring

Hourglass springs: Hourglass springs are a type of compression spring that has a tapered shape. This gives them
a greater force output than conventional compression springs of the same size. Hourglass springs are used in
applications where high force output is required, such as firearms and gas springs.

Fig 1.5 Hourglass Spring

1.5 Adavantages of Helical Springs

1. Wide Range of Load Capacities: Helical springs can be designed to handle a wide range of load capacities,
making them suitable for various applications. They can be customized to meet specific requirements, from
light-duty to heavy-duty applications.

2. High Energy Storage: Helical springs have excellent energy storage capabilities. They can absorb and store
mechanical energy when compressed, stretched, or twisted, and release it when the force is removed. This
property allows them to provide a reliable and consistent force or displacement.

3. Versatility in Design: Helical springs offer versatility in terms of design. They can be customized in terms of
wire diameter, coil pitch, number of active coils, and material selection to meet specific performance
requirements. This versatility allows for optimization in terms of load-bearing capacity, spring rate, and
deflection range.

4. Cost-Effective: Helical springs are generally cost-effective compared to other types of springs. They can be
manufactured using various materials and production methods, allowing for cost-efficient production in large
quantities. This makes helical springs a practical choice for a wide range of applications.

5. Wide Range of Applications: Helical springs find applications in numerous industries, including automotive,
aerospace, industrial machinery, consumer products, and more. Their versatility and ability to provide support,
absorb shocks, and distribute forces make them indispensable in various mechanical systems.

1.6 Disdavantages of Helical Springs

1. Limited Deflection Range: Helical springs have a limited deflection range. While they can provide significant
deflection within their design limits, their range is restricted compared to other types of springs such as gas
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springs or elastomeric springs. This limitation may require the use of multiple springs or additional components
to achieve the desired deflection.

2. Solid Height Consideration: Helical springs require a certain amount of solid height or space to maintain their
functionality. The solid height is the length of the spring when it is fully compressed without any gaps between
the coils. This requirement may restrict their use in applications with limited space or tight packaging
constraints.

3. Stress Concentration: Helical springs are prone to stress concentration, especially at the ends where the wire
terminates. This stress concentration can lead to premature failure, particularly in high-stress applications or
under cyclic loading conditions. Proper design considerations, such as end grinding or stress-relief processes,
can help mitigate this issue.

4. Fatigue and Wear: Helical springs are subject to fatigue and wear over time, particularly when subjected to
repetitive loading cycles. The repeated compression, extension, or twisting of the spring can lead to material
fatigue, resulting in reduced performance or failure over an extended period. Proper material selection and
periodic inspection and maintenance can help prolong the spring's lifespan.

1. LITERATURE SURVEY

N.Lavanya et.al [1] The present work is optimum design and analysis of a suspension spring for motor
vehicle subjected to static analysis of helical spring the work shows the strain and strain response of spring
behaviour will be observed under prescribed or expected loads and the induced stress and strains values for low
carbon structural steel is less compared to chrome vanadium material also it enhances the cyclic fatigue of
helical spring.

Kommalapati. Rameshbabu, et.al [2] In this project they have designed a shock absorber used in a
150CC bike and modeled the shock absorber by using 3D parametric software Pro/Engineer. To validate the
strength of design, structural analysis and modal analysis on the shock absorber was done. The analysis was
done by varying spring material Spring Steel and Beryllium Copper. By observing the analysis results, the
analyzed stress values are less than their respective yield stress values. The design is safe, by comparing the
results for both materials, the stress value is less for Spring Steel than Beryllium Copper. Also the shock
absorber design is modified by reducing the diameter of spring by 2mm and structural, modal analysis is done
on the shock absorber. By reducing the diameter, the weight of the spring reduces. By comparing the results for
both materials, the stress value is less for Spring Steel than Beryllium Copper. By comparing the results for
present design and modified design, the stress and displacement values are less for modified design. So they
concluded that as per our analysis using material spring steel for spring is best and also their modified design is
safe.

C.Madan Mohan Reddy et.al [3] the comparative study has been carried out in between the theoretical
values to the experimental values and the analytical values. The maximum shear stress of chrome vanadium
steel spring has 13-17% less with compare to hard drawn steel spring. The deflection pattern of the chrome
vanadium steel spring 10%less at specified weight with compare to the hard drawn steel spring. It is observed
that 95% of the similarity in deflection pattern and 97% similarity in shear stress pattern between experimental
values to the analytical values. It is observed that 60%similarity in between theoretical values of deflection to
the experimental values and 85% similarity in maximum shear stress of spring.

K.Vinay Kumar et.al [4] used three different materials like alloy steel, chromium vanadium steel;
stainless steel was used with a constant load of 850N. Among the above materials alloy steel material gave the
better stress and deformation values. Mostly prefer alloy steel material for bike suspension spring due it its
material stability and ductility by observing those analysis stress and deformation values. Alloy steel material is
staying stable up to load 2550N. Later, by increasing loads the stress was crossing the yield strength of the
material due to that the breaking of spring will be takes place. Therefore, from the above practical result alloy
steel material is more stable and gives good efficiency compared to other two materials.

Prince Jerome Christopher.J [5] ,The objective of research is to design and analyze the performance of
Shock absorber of the coil spring. The shock absorber design is improved by reducing the diameter. Author
designed a Shock Absorber used in 160 cc bike .This shock absorber is modeled by using 3D parametric
software called Pro/Engineer. The analysis is done by considering bike mass, loads, and number of persons
seated on bike by using ANSYS.

Logavigneshwaran S [6] ,Author study the various parameters influencing the stress and deformation
induced. After studying the various parameters, modeling is done by using Pro/ENGINEER. For analysis
ANSYS software is used. The analysis is performed by considering the bike mass and with persons seated on
the bike. Study is done by changing the wire diameter of the coil spring to check the best dimension for the
spring in shock absorber.

Mallick Kamran et.al [7], The authors work is based on modeling, testing and analysis of helical
suspension system used in two wheeler bike. . A typical two wheeler suspension spring for Hero Splendor 125
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cc is selected for the application. The various designs of springs are modeled by reducing the diameter of the
existing spring in CATIA software. The analysis is carried out by considering bike mass, loads, and no of
persons seated on bike by using ANSYS. The stress and deflections of the helical spring are determined by
using finite element analysis approach. The author compares the actual spring with new spring for constant
material. The results from finite element analysis are compared to the experimental values.

Aakash Bhatt et.al [8], Their work demonstrates the feasibility of adopting composite material for
design of helical coil suspension system. An effort is made to carry out the design & analysis of combination of
steel and composite material, which has resulted into greater stiffness, with reduced weight of the spring.

Singh Pankaj [9], the authors work is based on design and 3D modeling of helical compression spring
used in mono shock suspension system of unicorn bike. The statistical structure analysis is done by FEA method
in ANSY'S for different spring materials and varying wire diameter of spring. The materials used for analysis are
1095, 5160, Carbon steel, Cobalt chrome, Chrome vanadium, Beryllium copper and the wire diameters are
12mm,14mm. Authors calculate the forces exerted on spring for different materials. For these calculations they
assume that the vehicle is in motion. The authors compared the final results and choose the better among all
results.

Vijayeshwar BV. et al. [10] In this research paper they evaluated the manufacturing of helical coil
suspension springs as per requirement. The objective of this work is a comparative study and analysis of
suspension helical coil spring with two different materials like Chrome Silicon and Hard drawn carbon steel.
They designed the shock absorber model using Pro/E Creo 2.0 and analysis of stress and deflection they used
ANSYS 15.0. After the theoretical and ANSY'S results shows that Chrome silicon spring steel is the optimum
suitable material with low weight and high stiffness for helical spring applications like mono shock suspensions
in bikes and many more.

N. Sai Kumar and Prof. R. Vijay Prakash [11] in this research paper they have design and analyze the
performance of the shock absorber by varying the wire diameter of the coil spring. They explain all types of
shock absorber properties and using metal spring wire. They consider various types of motorbike spring
specification and modeling of suspension springs. They used alloy steel. Chrome vanadium steel of spring
materials. They determine the analysis of maximum shear stress, maximum principal stress, normal stress,
strain, maximum principle strain, normal strain, total deformation are noted. The results of alloy steel are
showing the best results in three vehicles (Among there for Yamaha alloy steel got the least stress). The alloy
steel is preferable compared to chrome vanadium steel.

Suraj R. Bhosle et al. [12] In this research paper the comparative study of suspension helical coil spring
with different materials using finite element analysis. They create the shock absorber model in Creo Parametric
2.0 and structural analysis of the same is done using ANSYS 17.0. The comparative study shows the optimum
material to be used for the spring by proper analysis of the deflection and stresses of the helical spring. They
used four different material of spring are Chrome vanadium, Hard drawn spring wire, steel, Oil tempered carbon
steel and Stainless steel. After the analysis the chrome vanadium stands out to be efficient material for spring
especially at higher loads.

MacArthur, L. Stewart [13] In this paper they determine the maximum torsion stress, fatigue life,
natural frequency and load loss due to stress relaxation of helical compression spring. The intent of this paper
was to make a useful contribution to the published works for evaluating round wire helical compression springs.
They used FEA software to construct a structural model of a helical compression spring to simulate its full range
of compression. The aim of these researchers was to replace steel with a viable composite material. In this type
of materials resulted in a reduction in stress and weight, but an increase in displacement. They used an
innovative methodology for constructing a virtual prototype of a helical compression spring.

P.R. Jadhav et al. [14] This paper deals with analysis of dual suspension by using FE approach and
validated with analytical with varying speed. In this research helical spring related to the light vehicle
suspension system under the effect of a uniform loading has been studied and finite element analysis has been
compared with analytical solutions. They compared the analysis results to determine stress and deflection at
various speeds for carbon steel material. The model of dual suspension motor vehicle that can vibrate in the
vertical direction while traveling over a rough road. The results are elaborated in an earlier chapter the brief
discussion and conclusion is present as follows. The deflection is Maximum in between the 3km/hrs to 10km/hrs
and further reduces as speed increases stress is Maximum in between the 3km/hrs to 10km/hrs and further
reduces as speed increases.

C.Rahul Tekade et al.[15] Shock absorbers are devices that smooth out an impulse experienced by a
vehicle, and appropriately dissipate or absorb the kinetic energy. Almost all suspension systems consist of
springs and dampers, which tend to limit the performance of a system due to their physical constraints.
Suspension systems, comprising of springs and dampers, are usually designed for passengers’ safety and do
little to improve passenger comfort. To meet the current demands of high speed and safety we must designed
and developed such a shock absorber which can sustain more and more vibrations and also improve the safety.
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B. Mehdi et al.[16] In this paper author used helical spring is the most common used in car suspension system,
steel helical spring related to light vehicle suspension system under the effect of a uniform loading has been
studied and finite element analysis has been compared with analytical solution and steel spring has been
replaced by three different composite helical springs including E-glass/Epoxy, Carbon/Epoxy and
Kevlar/Epoxy. Numerical results have been compared with theoretical results and found to be in good
agreement.

M. Mulla et al. [17] Presented the static stress analysis using finite element method has been done in
order to find out the detailed stress distribution of spring.

H. James M. Meagher et al. [18] The author presented the theoretical model for predicting stress from
bending agreed with the stiffness and finite element model within the precision of convergence for the finite
element analysis. The equation was calculated by principal stresses and von misses stress and it was useful for
fatigue studies. A three-dimensional finite element model was used for two coil of different wire model, one was
MP35N tube with a 25% silver core and other a solid MP35N wire material helical conductor and the result was
compared with the proposed strength of material model for flexural loading.

J. Mohamed Taktak et al.[19] In their work a numerical method to model the dynamic behavior of an
isotropic helical spring is coupled with optimization algorithms to construct a dynamic optimization method
based not only on mechanical and geometrical objective functions and constraints; but also on dynamic ones. In
the proposed dynamic optimization problem, four geometric parameters are chosen as design variables (wire
diameter, middle helix diameter, active coils numbers and spring pitch). The result of simulation shows that by
these algorithms the helical spring mass can be greatly reduced and the design quality is improved by moving
away the helical spring first natural frequency from working zone.

K. Priyanka Ghate et al.[20] In the present investigation, it was found that the existing primary
suspensions with composite spring assembly could sustain loads in normal operating conditions and maintain
the required ride index, however, during cornering and hunting speeds failure of outer spring of primary
suspension was observed. In the present work, an attempt was made to analyze in detail the reason for failure
and a single nonlinear spring had been suggested to improve durability of the primary suspension and in the
meantime the required ride index.

L. Kaiser et al.[21] In this paper, the author presents a long-term fatigue tests up to a number of 109
cycles on shot peened helical compression springs with two basic dimensions, made of three different spring
materials. The test springs were manufactured of oil hardened and tempered of SiCr and SiCrV- alloyed valve
spring steel wires and of a stainless-steel wire with diameters of 1.6 mm and 3.0 mm with shot peened. A lot of
research paper are studied and found that there are used many type of new composite materials to reduce the
many type of problems in two-wheeler suspension system. But there are some materials (Hastelloy, Elgiloy, and
Inconel) are also available which are not used till now in any research papers. By using these materials
(Hastelloy, Elgiloy, Inconel) the problem in suspension system can be also reduced.

Sataynarayana, K. et. al.[22] presented work is carried out on modelling and analysis of a helical spring
used in two-wheeler rear suspension system and the purpose of this project is to increase the stiffness as well as
reduce the stress and deflection produced in the coil and also a comparative study is carried out between existed
spring with various materials. So as to the reduce vehicle problem happens while driving on bumping road
condition. The modeling of spring is carried out by SOLIDWORKS 2019 and analysis it with finite element
analyzer ANSYS 18.1 and further is to check the feasibility of helical spring by changing cross-sectional area
from circular to square.

Chandrakant Khare et. al.[23] investigates structural steel material for helical coil suspension using the
finite element method by ANSYS software and later subjected to design optimization using response surface
optimization considering coil diameter and coil means radius as optimization parameters. Sensitivities of both
input parameters are plotted for equivalent stress and deformation. Considerable weight reduction of helical coil
suspension is achieved using the response surface method.

Agarwal and Jain [24], reported that the design and analysis of helical spring in two wheeler
suspension system using finite element method (FEM) by changing the cross section of the helical spring under
the static structural analysis. Three cross sections have been selected namely circular, square and square fillet.
The spring models for the existing design of CBZ extreme bike helical coil spring have been created by using
Pro/E Creo 2.0. The deflection and the VVon-Mises stress of three spring models are obtained by finite element
analysis. The maximum displacement and VVon-Mises stress are achieved in circular cross section and the least
by square cross section.

Rajurakar and Swami [25], aimed in caring out a feasibility check for the properties of helical spring by
changing the cross section and by changing the material under varying load from 55N to 95N. The results
proved that stresses are almost equal but the deflection in spring of chrome vanadium material when compared
to hard carbon steel spring proved more deflection. Although the deflection is more it works efficiently with less
maintance. The check also ensured that structural reliability is more in circular cross section than in rectangular.
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Pawar et al. [26], proposed an optimisation technique for spring in three wheeler suspension system. The
number of coils of the springs is reduced from 14 to 13 (keeping all other parameter same), in order to reduce
the weight of the spring. Hence, the efficiency of vehicle improved and fuel consumption rate decreased. The
weight of spring is reduced by 6% whereas the stress by 13%. The stiffness and the load carrying capacity of
suspension system has also increased considerably.

1. INTRODUCTION TO SOLIDWORKS

Solid Works is a 3D solid modelling package which allows users to develop full solid models in a simulated
environment for both design and analysis. In Solid Works; you sketch ideas and experiment with different
designs to create 3D models. Solid Works is used by students, designers, engineers, and other professionals to
produce simple and complex parts, assemblies, and drawings. Designing in a modelling package such as Solid
Works is beneficial because it saves time, effort, and money that would otherwise be spent prototyping the
design.

Solid-works Components

Before we begin, it is important to understand the different components that make up a Solid-Works model.
3.1.1 Part

The first and most basic element of a Solid Works model is a Part.
Parts consist of primitive geometry and feature such as extrudes, revolutions, lofts, sweeps, etc.
Parts will be the building blocks for all of the models that you will create

Assembly

The second component is the assembly. Assemblies are collections of parts which are assembled in a particular
fashion using mates (constraints).

Any complex model will usually consist of one, or many assemblies.

Drawing

The third and final component in Solid Works is the Drawing.

A drawing is the typical way to represent a 3D model such that any engineer (or manufacturer) can recreate your
part.

Drawings are important because they provide a standard way of sharing your design.

Solid-works

7 \w
2S SOLIDWORKS

2020 %

Fig. 3.1 Solid-works Default Page

By default, no file is opened automatically when you start the program.

To create a new file, click on file — New or click the New file icon in the main tool bar.
This will open the new solid-works document wizard.
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Fig. 3.2 Components of Solid-works

New SolidWorks Document ﬂ'
% ‘ a 3D representation of a single design component
Part

@ a 3D arrangement of parts and/or other assemblies
Assembly

EE' a 2D engineering drawing, typically of a part or assembly
Drawing
Advanced oK Cancel Help

Let’s begin by creating a new part.
To do this, click on Part, then OK. Once you do this, you will be brought into the modelling view which should
open several toolbars.

25 SOLIDWORKS jj Fie Edt View Insert Tools wWindow 5 j 8 = =l Parti
| - 5 = 3 s
= S - o) %
Extruded | Revolved Drafl iifﬁ;i’;_ce Curves || instantaD
Boss/Base | Boss/Base Y
e , Cut Shell Mirror 5 >
I i @ N % + &
Features [ Sketch | Evaluate | DimXpe QA S M B P-or @ B B

N [l =REIA >
& <
9 Part1 (Default<<Default>_Disg,
(&) Sensors
t-[A] Annotations
3= Material <not specified>
X Front Plane
> Top Plane
> Right Plane
...}, Origin

Fig. 3.3 Solid-works User Interface

Terminology

These terms appear throughout the Solid-Works software and documentation.

Origin

Appears as two blue arrows and represents the (0, 0, 0) coordinate of the model. When a sketch is active, a
sketch origin appears in red and represents the (0, 0, 0) coordinate of the sketch. You can add dimensions and
relations to a model origin, but not to a sketch origin.

Plane

For flat construction geometry, we can use planes for adding a 2D sketch, section view of a model or a neutral
plane in the draft feature.

AXis

Straight line used to create model geometry, features or patterns. You can create an axis in different ways
including intersecting two planes. The solid-works application creates temporary axes implicitly for every
conical or cylindrical face in a model

Face

Boundaries helps to define the shape of a model or a surface. A face is a selectable area (planar or non-planar)
of a model or surface. For example, a rectangular solid has six faces.

Edge

Itis a location where two or more faces intersect and are joined together. You can select edges for sketching and
dimensioning.

Vertex
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It is a point at which two or more lines or edges intersect. You can select vertices for sketching and
dimensioning.

User Interface

The solid-works application includes user interface tools and capabilities to help you create and edit models
efficiently.

Windows Functions

The solid-works application includes familiar windows functions such as dragging and resizing windows. Many
of the same icons such as print, open, save, cut and paste are also part of the solid-works application.
Solid-Works Document Windows

@ [CT= =] <
¢ hia

Y@ cabinet_bath (Default<<Default>
i..|£z] Sensors
+-{A] Annotations
:..8= Material <not specified>
Q Front
3> Top
> Right
i1, Origin
+) @ Base-Extrude
«+-[[§ Boss-Extrude2
+-[& Boss-Extrude3
+ Cut-Extrudel
+ Cut-Extrude2
Solid-Works document windows have two panels. The left panel and manager panel.

Feature Manager / Design Tree

Fig. 3.4 Specification Tree

Displays the structure of the part, assembly or drawing. Select an item from the feature manager/design tree to
edit the underlying sketch, edit the feature and supress and unsupress the feature or component.

Property Manager

Provides settings for many functions such as sketches, fillet features and assembly mates.

Mouse Buttons

| From a
E”gketch Plane v!

| Rirection 1. A |

N FBiind =

- |
(&) | 1=
& Draft outward

Fig. 3.5 Extrude Tool Box

Mouse buttons operate in the following ways

Left: Select menu items, entities in the graphics area and objects in the feature manager/design tree.

Right: Display the context-sensitive shortcut menus.

Middle: Rotates, pans and zooms a part or an assembly and pans in a drawing.

Mouse Gestures

You can use a mouse gesture as a shortcut to execute a command similar to a keyboard shortcut. Once you learn
command mappings, you can use mouse gestures to invoke mapped commands quickly. To activate a mouse
gesture from the graphics area, right drag in the gesture direction that corresponds to the command. When you
right drag, a guide appears showing the command mappings for the gesture directions.
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Modelling

To create this part body, go to solid-works software and click on file, new and select part design module. In part
design module then go to sketcher tool and select sketcher tool and select required plane.

Sketching Circle

By using Sketching tool we created the shape of this object with required diameter as shown

below

@
@
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Fig. 3.6 Sketching circle

Helix
By using Helix and spring tool in the curves section of features tab we created the helix as
shown below
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Fig. 3.7 Creating Helix

Design of Helical Spring
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Fig. 3.8 Design of Helical Sp
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Sketch for designing Helical Spring

17.00-
100.00

©

Fig. 3.9 Dimensions of the Helical Spring

v. FINITE ELEMENT METHOD
Introduction
The Finite Element Method (FEM) is also known as Finite Element Analysis (FEA). The finite element method
is a basic analytical technique that solves complex problems, replaces them with simpler problems, and finds
approximate solutions. Finite element method is a flexible tool used in various industries to solve various
practical engineering problems. The finite element method can produce relative results.
Finite element method is one of the most effective and widely used tools today. More computational analysis
can improve or refine the approximate solution in the finite element method.
The fundamental areas that have to be mastered for finite element method include
Matrix algebra
Solid mechanics
Variation methods
Computer skills

In the finite element method, matrices play an important role in dealing with large numbers of equations. The
FEM procedure is a variation approach and this notion contributes significantly to the formulation of the
method. The FEM/FEA helps evaluate complex structures within a system during the design phase. The strength
and design of the model can be improved using the computer and his FEA to justify the cost of the analysis.
FEA has greatly improved the design of structures built many years ago.

Structural Analysis

Structural analysis is the most widely used application in Finite element method. Structural analysis is of seven
types. They are

Static Analysis.

Modal Analysis.

Harmonic Analysis.

Transient Analysis.

Spectrum Analysis.

Buckling Analysis.

Explicit Dynamic Analysis.
Since this project involves only Static Structural Analysis a brief description is given below.

Static Analysis

A static analysis ignores damping effects and inertia to calculate steady-state load conditions for structures.
Static analysis analyzes stresses, displacements, forces and strains under static loading conditions. Static
analysis can be either linear or nonlinear. Types of nonlinearities include plasticity, stress stiffening, large
deflections and deformations, contact or gap elements, creep, and hyper elasticity. The procedure for performing
a structural analysis includes the following main tasks

Building the Model

Specifying Analysis Controls

Applying Loads
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Analyzing and Running the Analysis

Reviewing Results

Advantages of ANSYS

The ANSY'S program is a flexible, cost-effective tool that helps reduce prototype rework.

The ANSY'S program is a graphical user interface that allows users to easily and intuitively program commands,
documents and functions.

To reduce production costs, ANSYS enables design optimization during the development process itself.

ANSYS program helps in designing the computer models and study the physical responses such as stress levels,
temperature distribution.

It has the capability of performing advanced engineering simulations accurately.

It is a general purpose software used to stimulate the interaction between physics like static, dynamic and fluid.

Steps involved in solving ANSY'S problems
Solution domain.

Physical model.

Boundary condition.

Physical properties.

After these steps are defined, the problem is solved and we have a solution. The main difference between
solving the problem analytically and using software is that the software allows the creation of the mesh. This is
an additional step implemented when resolving the issue. This step decomposes the complex model into smaller
finite elements that can be solved.

There are three major steps in solving a problem in ANSYS

Pre-Processor

Solution

Post- Processor

Pre-Processor

The pre-processor phase includes geometry construction, element type and material property definition, mesh
generation, etc.

Solution

The solution phase includes applying loads and boundary conditions, defining analysis types, etc.

Post- Processor

The processor phase involves displaying the results in various formats such as graphs, deformed shapes, etc.
4.4.2. Steps involved in solving a problem using ANSY'S software

Building of Geometry

This step models the 1D, 2D or 3D object to be analyzed. Its element type is also defined. The ANSYS Element
Library contains over 80 different element types. A prefix and a unique number identify each item type.

Defining Material Properties

In this step, the required thermal and mechanical material properties such as modulus, Poisson's ratio, density,
thermal expansion, convection and heat flow are defined for the model.

Generation of Mesh

In this step, the model is split into finite parts called nodes. Two nodes are connected by a line called an
element. This network of elements is called a mesh. Boundary conditions are applied to nodes and elements.
Applying Loads

After the generation of mesh, the model is burdened with boundary conditions and constraints.

Obtaining Solution

In this step, we define the analysis type i.e. whether it is a steady state, a transient state or a harmonic state. All
the tedious work of formulating and assembling of matrices are done by the computer and finally the output is
presented in Post processor stage.

Presentation of Results

After the solution has been obtained, the results can be represented in many forms such as graphs, contour plots
etc. for better understanding.

V. INTRODUCTION TO ANSYS WORKBENCH
5.1 Project Objective
In this chapter, we will be able to define
Understand the types of system
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Understand different types of cells

Understand the graphic user interface of the workbench window
Start a new project in Ansys workbench windows

Add the first and subsequent analysis system to a project

Set units for the project

Ansys Workbench-19.2

To start Ansys workbench-19.2, choose start-programs/all programs — Ansys 19.2.

- 8 x

STANDARD TOOL BAR

PROJECT SCHEMATIC WINDOWS

TOOL BARS (GUI TABS)

. STATUS BAR MESSAGE BAR
e / \_
SR

Fig. 5.1 The Components of the Workbench Windows

Project Schematic Window
The project schematic window helps to manage an entire project, drag the analysis system and leave over
window.

Fig. 5.2 Project Schematic Window

By default, the custom system toolbox is also displayed in collapsed state in the toolbox. The combination of
two analysis tab

ﬁ

@] Solution
7 @ Results

Static Structural

v A 8
1
@ EngneeringDats v/ ,~——4~82 & Engineering Data v .
@ Geometry ?. 3 @ Geometry 2.\
CELLS @ wodel T, w4 @ vodel ?.
@ setwp 4 5 @ Setwp 2. e
@ solution s 6 @ Solution 2 S~
@ Resis 2. 7| @ Rests 2,'9 Da <2
Static Structural Steady-State Thermal >
- > |
s -
LINKS =
) S a
S

Fig. 5.3 Combination of two analysis tabs

Components of the system

An item that is added from the toolbox window to the project schematic windows is known as a system and the
constituent elements of the system are known as cells.

Engineering Data Cell
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The engineering data cell is used to define the material to be used in the analysis. To select the material, go to
engineering data and select general materials, in details of engineering material choose the material as required.

Fig. 5.4 The Engineering Data Workspace

Geometry Cell
The geometry cell is used to create, edit or import the geometry that is used for analysis.

MNew Geometry...

Import Geometry >

NIO Db BN e

Duplicate
Transfer Data From MNew >

Transfer Data To New >

Fig. 5.5 Geometry Cell

The new geometry choice in the menu is utilized to get into outline modeler windows where you can generate
the geometry or import the geometry from the current geometry document which is made in another CAD
programming bundles.

Geometry or Display Cell

The model cell will be shown for mechanical investigation framework and is utilized to disparaged geometry
into little components, apply limit and load conditions, illuminate the examination, etc.
Modal or Work Cell

The work cell is utilized to decide the component and hub of the body in wording just the investigation
according to limit conditions.

Setup Cell

The setup is which the heaps were and requirements are connected according to condition conditions. This cell
is likewise connected with the mechanical workspace.

Solution or Arrangement Cell

The arrangement cell is utilized to take care of the investigation issue in light of the conditions characterized in
the cells over the arrangement cell.

Results Cell

The results cell is used to display the results of the analysis in the user specified formats; this cell is also
associated with the mechanical workspace.
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VI. STATIC STRUCTURAL ANALYSIS
6.1 Project Objective
In this project, we will be able to define total deformation, stress and strain.
Details of static structural analysis system.
Choosing materials.
Applying of boundary loads and connections.

Generate the results.

In this chapter, we imported the geometry of the helical spring with respect to the load application and material.
Next, we need to run the analysis setup to determine the deformations, stress and strain.

The static structural analysis is the most using analysis setup which can determine the solution as per the
conditional load and material with damping characteristics (time dependent).

- A

;
2 @ Engineering Data v~
3 @ Geometry - 4
4 | & Model e
5 a Setup z 4
6 Solution 2 4
7 O Results 2 ‘

Static Structural

Fig. 6.1 Static Structural Analysis (SSA) tab

Fig. 6.2 The modal window in SSA

As discussed in previous chapters, analysis can be carried out in three major steps: pre- processing, solution, and
post-processing. The tools required to carry out these steps are discussed next.

The pre-processing of an analysis system involves specifying the material, generating a mesh, and defining
boundary conditions.

In ANSYS Workbench, the mainly tools related to analysis setup are available in the Environment toolbar.

() A: Static Structural - Mechanical [ANSYS Multiphysics]

File Edit View Units Tools Help } 0 SSove v Fl W [0 4 (A @ Woksher iy

2 TR Y EEBB &5 FQR QAAAENE O

| 7 ShowVettices §0Wireframe | I Edge Coloring v A+ Aiv A~ A~ A~ A I |IThicken Annotations ;o iesh ik Show Coordinate Systems

| Model 8/CvnstvuctionGenmetry | @ Virtual Topology | [a Symmetry | @, Remote Point | @) Connections | @ Mesh Numberi [} Solution Combinati :%NamedSelecﬁon

Fig. 6.3 The Environment Contextual Toolbar
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Soluton @dDeformation' @Strain' '%Stress' QEnergyv %LinearizedStlessv %Probev @Tuds v @E,UserDeﬁnedResult i Compbel D ge(oordinateSystemSVE

Fig. 6.4 The Solution Contextual Toolbar

In an analysis, after pre-processing (meshing, specifying material, and specifying boundary condition) is done,
the next step is to solve the analysis.

After the analysis is complete, you need to generate the report in the Mechanical window. Go to window at
bottom we can see the report preview select on it.

Geometry 4 Print Preview A Report Preview /.
Fig. 6.5 The Report Preview

Starting a new project and creating the model

The first step is to start a new project in the Workbench window.
Open Ansys workbench.

In Ansys workbench select static structural on left of window.
Right click on the geometry and browser to step file.

Now go to units at top and choose mm.

Adding the material to the Engineering Data Figure Workspace

After importing geometry, now we need to apply the suitable material to it.

Fig. 6.6 Selection of Material

Go SSA and select Engineering Data cell, the Engineering Data source will be displayed on window.

Now select the General Materials library on engineering data sources.

Now in Outline of General Materials Aluminum Alloy, stainless steel by selecting + mark, the material will be
added to the SSA.

Choose the Return to Project it will revert back to SSA window.

Material Data
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6.2.1 Aluminium Alloy NL
TABLE 1

Density 2770 kg m"-3
Specific Heat 875 J kg™-1 C1-1

Density and Specific Heat of Aluminim Alloy NL
Density 2770 kg m"-3
Specific Heat ~ 875 J kg™-1 C~-1

TABLE 2
Young's Poisson’s [Bulk Modulus [Shear Modulus
Modulus (Pa) Ratio (Pa) (Pa)
7.5e+010 0.33 6.9608e+0 2.6692e+010
10
Isentropic Elasticity Aluminim of Alloy NL
Young's Modulus (Pa) Poisson's Ratio  Bulk Modulus (Pa) Shear Modulus (Pa)
7.5e+010 0.33 6.9608e+010 2.6692e+010
TABLE 3
Yield Strength (Pa) Tangent Modulus
(Pa)
2.8e+008 5.e+008

Bilinear Isotropic Hardening of Aluminim Alloy NL

Yield Strength (Pa) Tangent Modulus
(Pa)
2.8e+008 5.e+008

Structural Steel

TABLE 4

Properties of Structural Steel
Density 7850 kg m"-3
Coefficient of Thermal Expansion 1.2e-005 C-1
Specific Heat 434 J kgh-1CN-1
Thermal Conductivity 60.5W m”-1 CA-1
Resistivity 1.7e-007 ohm m

Density 7850 kg m"-3

Coefficient of Thermal Expansion 1.2e-005 C/-1
Specific Heat 434 J kg"-1 CM-1

Thermal Conductivity  60.5 W m”-1 C*-1
Resistivity 1.7e-007 ohm m
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TABLE 5
Compressive Ultimate Strength (Pa) ‘

’ |

Compressive Ultimate Strength of Structural Steel
Compressive Ultimate Strength (Pa)
0

TABLE 6

Compressive Yield Strength (Pa)

2.5e+008

Compressive Yield

Strength of Structural Steel
Compressive Yield Strength (Pa)
2.5e+008

TABLE 7

Tensile Yield Strength (Pa)
2.5e+008

Tensile Yield Strength of Structural Steel
Tensile Yield Strength (Pa)
2.5e+008

TABLE 8

Tensile Ultimate Strength (Pa)

4.6e+008

Tensile Ultimate Strength of Tensile Ultimate Strength
Tensile Ultimate Strength (Pa)
4.6e+008

TABLE 9

Zero-Thermal-Strain Reference Temperature C
22

Isotropic Secant Coefficient of Thermal Expansion of Structural Steel
Zero-Thermal-Strain Reference Temperature C

22

Titanium Alloy NL

TABLE 10
Density 4620 kg m~-3
Specific Heat 522 J kgn-1 CA-1
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Density and Specific Heat Titanium Alloy NL
Density 4620 kg m"-3
Specific Heat ~ 522 J kg™-1 C~-1

TABLE 11
Young's Modulus | Poisson's Bulk Modulus Shear Modulus
(Pa) Ratio (Pa) (Pa)
9.6e+010 0.36 1.1429e+011 3.5294e+010
Isotropic
Elasticity of Titanium Alloy NL
Young's Modulus (Pa) Poisson's Ratio  Bulk Modulus (Pa) Shear Modulus (Pa)
9.6e+010 0.36  1.1429e+011 3.5294e+010
TABLE 12
Yield Strength Tangent Modulus
(Pa) (Pa)
9.3e+008 2.15e+009

Bilinear Isotropic Hardening of Titanium Alloy NL
Yield Strength (Pa) Tangent Modulus (Pa)
9.3e+008 2.15e+009

6.3 Generating the Mesh

TABLE 14

Equivalent Stress values of Aluminium Alloy NL
Time [s] Minimum [Pa] Maximum [Pa] Average [Pa]
1. 1.1057e+008 1.0278e+010 2.5986e+009

—— ) X

Fig. 7.1 Total Deformation of Helical Spring

Equivalent Strain
TABLE 15

Equivalent Elastic Strain values of Aluminium Alloy NL
Time [s] Minimum [m/m] Maximum [m/m] Average [m/m]
1. 4.2701e-003 0.15891 5.2087e-002
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Fig. 7.3 Equivalent Elastic Strain of Helical Spring

After the model is created in the Design Modeler window, you need to generate the mesh for the model in the
Mechanical window.

After geometry and material select go to modal and right click over it and select edit.

In mechanical SSA will displayed and on left side we can see the outline.

Select Mesh, right click and generate mesh. Change the elemental size in detail of meshing if necessary.

In detail of meshing go to status which is defined the number of nodes and elements.

Fig. 6.7 Mesh

6.4 Specifying the Boundary Conditions

In SSA the loads are required to define the deformation or other solution.

In first in SSA Mechanical window, go to SS node from the Outline; then select support bar in Environment
contextual toolbar.

= Supports ~ == - ©7 Conditions ~ @

Fixed 5upport

Dlsplacernent
sj,, Remote Displacement
¥ Velocity
¥ |mpedance Boundary
Frictionless Support
Compression Only Support
Cylindrical Support
Simply Supported
Fixed Rotation
Elastic Support

Fig. 6.8 Fixed Support Tool

Now Select face on the geometry which helps to fixed the body at its position. Then choose the Apply button in
the geometry selection box.

Solving the FE model and analysing the results

gIngag
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After the boundary and load conditions are specified for the model, you need to solve the analysis. After
solving, you will get the Total and Directional Deformations due to the given condition. Also, you will get
Equivalent Stress, Maximum Principal, and Minimum Principal Stresses.

Choose the Total tool from the Deformation drop-down of the Solution contextual toolbar; Total Deformation is
added under the Solution node.

Now, choose the Directional tool from the Deformation drop-down; Directional Deformation is added under the
Solution node.

Choose the Equivalent (von-misses) tool from the Stress drop-down in the Solution contextual toolbar; the
Equivalent or von-misses stress is the criteria by which the effect of all the directional Stresses acting at a point
is considered 1" his helps in finding out whether the model will fail or bear the stress at that particular point.

|3, Deformation v @ Strain v ¢

;@d Total |

‘@d Directional
W Total Velocity

| ™ Directional Velocity

Total Acceleration

| L Directional Acceleration

Fig. 6.9 Choosing the ‘Total’ tool from the Deformation drop down

Choose the contact tools option from the Stress drop-down in the Solution contextual toolbar; contact tools is
added under the Solution node.

Choose the contact tools and right click on contact tool select frictional stress.

Choose the contact tools and right click on contact tool select pressure.

In the Details of “Total Deformation” window, expand the Results node, if it is not already expanded. Note that
the deformations displayed, respectively.

CHAPTER 8
RESULTS AND DISCUSSION
TABLE 22
Time [s] Minimum [m] Maximum [m] Average [m]
1. 0 113.18 36.699
Results
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Maximum Maximum Maximum
S.No. |Material Deformation[m] Stress Strain
[Pa] [m/m]
1. Aluminum Alloy 113.18 1.0278e+01 0.15891
NL 0
2. Structural Steel 0.30835 1.5885e+01 8.254e-002
0
3. Titanium Alloy 23.918 1.0107e+01 0.11502
NL 0

The values of maximum deformation, maximum stress and maximum strain of materials is shown in table 22.
Here the comparison of helical spring using different composite materials (Aluminum Alloy NL , Structural
Steel and Titanium Alloy NL) is done using ANSY'S software.

From the above results, we can conclude that the values of deformation, stress and strain of Structural Steel are
more than other two materials Aluminum Alloy NL and Titanium Alloy NL.

So, it is better to use Structural Steel as a Helical spring material.

VII.  CONCLUSION

In this thesis, a helical spring is designed and modelled in solid-works software. The analysis is done
on the helical spring by changing the materials Aluminum Alloy NL, Structural Steel and Titanium Alloy NL in
ANSYS software.

Static structural analysis is done on the helical spring by using the materials Aluminum Alloy NL,
Structural Steel and Titanium Alloy NL in ANSY'S software.

The values of maximum deformation, maximum stress and maximum strain of helical spring using
Aluminum Alloy NL, Structural Steel and Titanium Alloy NL is obtained by using ANSYS software.

From the above results, we can conclude that the values of deformation, stress and strain of Structural
Steel are more than other two materials Aluminum Alloy NL and Titanium Alloy NL.

From the above results , Structural steel is known for its high strength and durability, making it suitable
for handling heavy loads and providing robust support in suspension systems.

While structural steel is strong, it may have a higher weight compared to other materials, potentially
impacting the overall weight and performance of the suspension system.

Structural steel exhibits excellent resilience, meaning it can return to its original shape after being
subjected to deformation or stress. This characteristic is beneficial for helical springs, as they need to repeatedly
compress and extend while maintaining their elasticity.

Structural steel is widely available and generally more cost-effective compared to certain specialized alloys like
titanium. Its widespread use in construction and manufacturing industries makes it easily accessible for
fabrication and production.

So, it is better to use Structural steel as a helical spring material.
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