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ABSTRACT

The present work is carried out on modeling andyais of suspension spring is to replace the edisteel
helical spring used in popular two wheeler vehidlee stress and deflections of the helical springding to be reduced
by using the new materials. The comparative stgdgairied out between existed spring and new natgpring. Static
analysis determines the stress and deflectionkeofielical compression spring in finite elementlysia. The analytical
modal is used to test the spring under differeatliog conditions. Finite element analysis meth&dsA) are the methods
of finding approximate solutions to a physical gesb defined in a finite region or domain. FEA isnathematical tool for
solving engineering problems. In this the finiterabnt analysis values are compared to the andlyt&daes and are
successfully validated. A typical two wheeler susgpen spring is chosen for study. The modelingpring is developed

on pro/E 5.0 analysis is carried out on Ansys 14.
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INTRODUCTION

The suspension system is the main part of the lghichere the shock absorber is designed mechanical
handle shock impulse and dissipate kinetic endrgg. vehicle, shock absorbers reduce the effettawkling over rough
Ground, leading to improved ride quality and vehidandling. While shock absorbers serve the purpddamiting
excessive suspension movement, their intendedpsofeose is to damp spring oscillations. Hysteristhe tendency for
otherwise elastic materials to rebound with lessdothan was required to deform them. Hence, thegdieg of
suspension system is very crucial. In modelingtittne is spent in drawing the coil spring model &nel front suspension
system, where risk involved in design and manufawguprocess can be easily minimized. So the modedif the coil
spring is made by using SOLID WORKS. Later the niégslenported to ANSYS for the analysis work.

Figure 1: Spring Suspension System
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Spring Suspension System

The shock absorbers duty is to absorb or dissgagegy. One design consideration, when designirghoosing
a shock absorber, is where that energy will ganbst dashpots, energy is converted to heat insideviscous fluid. In
hydraulic cylinders, the hydraulic fluid will heatp, while in air cylinders, the hot air is usuakyxhausted to the
atmosphere. In other types of dashpots, such as@ieagnetic ones, the dissipated energy can lbedstmd used later. In

general terms, shock absorbers help cushion cans@ven roads. The spring suspension system isrshokigure. 1
Front Suspension

Motorcycle's suspension serves a dual purposeribatihg to the vehicle's handling and braking, g@mdviding
safety and comfort by keeping the vehicle's passsngomfortably isolated from road noise, bumps @hdations. The
typical motorcycle has a pair of fork tubes for fhent suspension. The most common form of frordpgunsion for a
modern motorcycle is the telescopic fork. Othekfdesigns are girder forks, suspended on sprunglleialinks and
bottom leading link designs. Some manufacturersd wseversion of the swinging arm for front suspensitm their
motocross designs. The top of the forks are coedettt the motorcycle's frame in a triple tree clamipch allows the

forks to be turned in order to steer the motorcycle

Vehicle Suspension

Figure 2: Vehicle Suspension System
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Figure 3: Dimensions of the Helical Spring

In a vehicle, it reduces the effect of travelingpwough ground, leading to improved ride quaktyd increase in
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comfort due to substantially reduced amplitude wfulbances. Without shock absorbers, the vehideldvhave a
bouncing ride, as energy is stored in the sprirdjthen released to the vehicle, possibly exceetiagallowed range of
suspension movement. Control of excessive suspemsavement without shock absorption requires stiffégher rate)
springs, which would in turn give a harsh ride. imensions of helical spring are detailed in Fgg8r Shock absorbers
allow the use of soft (lower rate) springs whilenzolling the rate of suspension movement in respaie bumps. They
also, along with hysteresis in the tire itself, gattne motion of the un sprung weight up and dowthenspringiness of the
tire. Since the tire is not as soft as the sprieffective wheel bounce damping may require stisleocks than would be
ideal for the vehicle motion alone. Spring-baseackhabsorbers commonly use coil springs or leahgpr though torsion
bars can be used in tensional shocks as well. kfgaigs alone, however, are not shock absorbesprasgs only store
and do not dissipate or absorb energy. Vehiclekallgp employ springs and torsion bars as well gdraulic shock
absorbers. In this combination, "shock absorberéserved specifically for the hydraulic pistontthbsorbs and dissipates

vibration. The vehicle suspension system useddgshn figure.2
Introduction to Solid Works

Solid works mechanical design automation softwara ifeature-based, parametric solid modeling defigh
which advantage of the easy to learn windows grabhiser interface. We can create fully associdbesdlid models with

or without while utilizing automatic or user deftheelations to capture design intent.

Parameters refer to constraints whose values diterthe shape or geometry of the model or assembly.
Parameters can be either numeric parameters, sutthealengths or circle diameters, or geometricapeeters, such as
tangent, parallel, concentric, horizontal or vetti@tc. Numeric parameters can be associatedeaith other through the

use of relations, which allow them to capture desngent.
Different Modules in Solid Works

The different modules in solid works are 1.Partife.Assembly 3.Drawing 4.Sheetmetal and 5.Analfsi
using the solid works software was designed then3@lel of solid and spring because compared to theraD

software’s solid works is easy to design.
Introduction to Ansys

Many problems in engineering and applied scienee governed by differential or integral equationfieT
solutions to these equations would provide an exelosed form solution to the particular probleminigestudied.
However, complexities in the geometry, propertiesl @ the boundary conditions that are seen in meat world
problems usually means that an exact solution dabembtained in a reasonable amount of time. Tdreycontent to
obtain approximate solutions that can be readitpioled in a reasonable time frame and with readereffort. The FEM

is one such approximate solution technique.

The FEM is a numerical procedure for obtaining agpnate solutions to many of the problems encowakten
engineering analysis. In the FEM, a complex reglefining a continuum is discretised into simple metric shapes
called elements. The properties and the governglgtionships are assumed over these elements apiessrd
mathematically in terms of unknown values at spe@bints in the elements called nodes. An assemitdgess is used to

link the individual elements to the linked systatmhen the effects of loads and boundary conditioescansidered, a set
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of linear or nonlinear algebraic equations is ugualbtained. Solution of these equations givesapproximate behavior
of the continuum or system. The continuum has &niie number of degrees of freedom (DOF), while ttiscredited

model has a finite number of DOF. This is the arigf the name, finite element method.
LITERATURE REVIEW

For providing the best design of spring coil to Huspension system of two wheeler vehicles, afleeéahnical
papers and review processes is studied beforeidgdite most feasible process for the work.. Thitahg list presents a
gist of the main papers referred throughout thekviir A.Gopichand, et.al [1] In this a shock abseorisedesigned and a
3D model was developed in PROE. Later structural static analysis was done by varying the mateaalstructural
steel, chrome vanadium and AISI 1050 steel. Coraparis made by between the simulation, analytindl experimental

values for deflection and maximum shear stress.

N.Lavanya et.al [2] The present work is optimumiglesand analysis of a suspension spring for motdviale
subjected to static analysis of helical spring Wk shows the strain and strain response of spvitgaviour will be
observed under prescribed or expected loads anddhbeed stress and strains values for low carlroctsiral steel is less

compared to chrome vanadium material also it erdgmtite cyclic fatigue of helical spring.

Kommalapati. Rameshbabu, et.al [3] In this projbety have designed a shock absorber used in a 15i@C
and modeled the shock absorber by using 3D paremmdftware Pro/Engineer. To validate the strengthdesign,
structural analysis and modal analysis on the slabslorber was done. The analysis was done by asgring material
Spring Steel and Beryllium Copper. By observing #malysis results, the analyzed stress valuesem® than their
respective yield stress values. The design is $afeomparing the results for both materials, ttness value is less for
Spring Steel than Beryllium Copper. Also the shabisorber design is modified by reducing the diametespring by
2mm and structural, modal analysis is done on tweels absorber. By reducing the diameter, the weidhthe spring
reduces. By comparing the results for both matgrihle stress value is less for Spring Steel thenylBum Copper. By
comparing the results for present design and mestliflesign, the stress and displacement valuesssefdr modified
design. So they concluded that as per our analysigy material spring steel for spring is best atsb their modified
design is safe.

C.Madan Mohan Reddy et.al [4] the comparative stualy been carried out in between the theoretidaksao
the experimental values and the analytical valibs. maximum shear stress of chrome vanadium spei@lgshas 13-17%
less with compare to hard drawn steel spring. Té#edtion pattern of the chrome vanadium steelngpO%less at
specified weight with compare to the hard drawelssering. It is observed that 95% of the similaiit deflection pattern
and 97% similarity in shear stress pattern betwegperimental values to the analytical values. lbiserved that
60%similarity in between theoretical values of defion to the experimental values and 85% simjlaritmaximum shear

stress of spring.

METHODOLOGY
Design Procedure
Spring Specifications

Spring wire diameter (d) =8 mm,
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Coil mean diameter (D) =40 mm,
End Connections for Compression Helical Spring
Having following four conditions
* Plain ends.
* Ground ends.
* Square ends.
e Squared and Grounded ends.
For this design of spring Plain ends condition weken
Total number of turns (n) =12,
No of active turns (n) = 12
Solid Length (k) = (n+1) d
Were n = no of active turns
d = diameter of the spring wire
(Lg) = (12+1) 8 =104 mm
Free length () = nxd + (n-1)
(Lp) = 12 x 8 + (12-1)

(Lp) =107 mm

Li-L=

e

Pitch of the coil (p=

(p) =2 mm

Theoretical Calculations
Let the weight of the bike = 104kg
Let the weight of the person = 65kg
Weight of bike and single person
=104 + 65 =169 kg
Weight of bike and two persons
=104 + 65 + 65 = 234 kg

Taking Rear Suspensions as 65%
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65% of total bike weight 22 = 67.6kg

65% of total bike weight + Single person

65% of total bike weight= 18aree

= 67.6kg

65 X658

65% of total person welgh# = 42.625kg

Now 65% of total bike weight + Single person
=67.6 + 42.625
=110.225 kg

65% of total bike weight + two persons

65% of total bike weight= 10 ‘:“ = 67.6kg

65% of total two person’s weight

Now 65% of total bike weight + two persons
=67.6+845

=152.1 kg

While considering the dynamic load
W;=67.6x2 =135.2kg

=135.2x9.81

=1326.31 N

W, =110.225x2 =220.45kg
=220.45x9.81

=2162.61 N

W;=152.1x2 =304.2kg
=304.2x9.81

=2984.20 N

For single shock absorber the load will be W/2

1326.31

-

Wi -
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W; =663.155 N

2162.81

=

W, -

W,=1081.305 N

1582.20

Ws-—

W,=1492.1 N

Were W-total bike weight

W,-total bike weight + one person
W,-total bike weight +two person’s

Now for Carbon Steel material at load, ¥663.15 N. The Maximum Shear Stress and Deflegsion

Spring Index, (C) =§ = % =5

Whal’s Stress FactcK) = _E:l - %
1(5) D613

(K) ==+~

(K)=1.32

Maximum Shear Stresfst) = KX_S;:D

_ 1.3ZX6X663.155Ka0
B TH{E)E

() = 174.1 N/mn?¥ =174.1Mpa

WDt n
cd*

Deflection (4] =

_ a¥553.155X40% X172
T oooox s

(6] =12.43 mm
Similarly for Carbon Steel material at load
W,=1081.305N. The Maximum Shear Stress and defledtion

(1) =283.95 MPa

6) =20.27 mm

Similarly for Alloy Steel material at load
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W,=1466.59N. The Maximum Shear Stress and deflection

()} =391.83MPa

{51 =27.97 mm

Model of Helical Suspension Spring in Solid Works

Figure 4: Spring Model in Solid Works

The Modal Developed is shown in Figure 4 for Anays

Analysis Steps

The steps needed to perform an analysis depentheostudy type. You complete a study by performimg t

following steps:

Create a study defining its analysis type and otio

If needed, define parameters of your study. A patancan be a model dimension, material propestgefvalue,

or any other input.
Define material properties.
Specify restraints and loads.

The program automatically creates a mixed mesh wliféerent geometries (solid, shell, structural nhems etc.)

exist in the model.
Define component contact and contact sets.

Mesh the model to divide the model into many smadtes called elements. Fatigue and optimizatiodiss use

the meshes in referenced studies.
Run the study.

View results.
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RESULTS AND DISCUSSIONS
Simulations on Spring Model
Material—Carbon Steel
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Figure 5: Shows Maximum Shear Stress for Alloy Stéat W,-663.15N

-'_I
0.000 0400 (my ,
—

0.050

Figure 6: Shows Maximum Deflection for Alloy Steeht W;-663.15N

Figure 7: Shows Maximum Shear Stress for Alloy Stéat W,-1081.305N
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Figure 8: Shows Maximum Deflection for Alloy Steeht W,-1081.30N
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Figure 9: Shows Maximum Shear Stress for Alloy Stéat W;-1492.1N
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Figure 10: Shows Maximum Deflection for Alloy Steeat W;-1466.59N
Comparison between Theoretical and Analytical Valus

Comparison of Maximum Shear Stress at differentidobetween Analytical and Simulation values is ghawv
the below table.1

Table 1: Comparison of Maximum Shear Stress betweefnalytical and Simulation Values

1 663.15 174.14 176.63 1.34
2 1081.30 283.95 288 1.40
3 1492.1 391.83 397.4 1.43

Comparison of Maximum Deflection at different lodaitween Analytical and Simulation values is shawthe
below table.2

Table 2: Comparison of Maximum Deflection between Aalytical and Simulation values

663.15 12.43 12.26 1.36
2 1081.30 20.27 20 1.33
3 1492.1 27.97 27.59 1.35

Comparison of Maximum Shear Stress between Analydind Simulation values is shown in Graph.1
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Graph 1: Load versus Max. Shear Stress

From graphl above, it is shown that Maximum SheaesS for Analytical and Simulation values for thre

different loads. The values appeared nearly sarhetimconditions but with some percentage error.

Comparison of Maximum Deflection between Analytiaald Simulation values is shown in Graph.2
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Graph 2: Load versus Deflection

From graph.2 it is shown that Maximum Deflection fmnalytical and Simulation values at three diffaroads.
The values appeared nearly same in both condibiahsvith some percentage error. Next simulatiosming model had
under gone with other two materials like Stain I&tsel and Chromium Vanadium Steel material. Trsulte were
executed below. Comparison of Maximum Shear Strétbsdifferent materials at different loads in silation is shown in
the below table.3

Table 3: Comparison of Maximum Shear Stress betweenhhree Different Materials

Load (N) 663.15| 1081.30| 1492.1
Maximum shear stress)(MPa
(Carbon Steel) 176.63 288 397.4
Maximum shear stress)(MPa
(Alloy Steel)
Maximum shear stress)(MPa
(Stainless Steel)
Maximum shear stress)(MPa
(Chromium Vanadium Steel

182.86| 298.16| 411.48

182.92| 298.26| 411.5¢

182.48| 297.56| 410.5p

Comparison of Maximum Deflection at different lodustween Three different materials is shown inbdhlw
table.4
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Table.4 Comparison of Maximum Shear Stress betwe€eFhree Different Materials

Load (N) 663.15 | 1081.3 | 1492.1
Maximum Deflection §) mm (Carbon Steel) 12.26 20 27.59
Maximum Deflection §) mm (Alloy Steel) 13.62 22.22 30.66
Maximum Deflection §) mm (Stainless Steel) | 12.35 20.14 27.8
Maxmum Deflection §) mm (Chromium 71.37 116.38 160.9
Vanadium Steel

Comparison of Maximum Shear Stress between Thife&elit materials is shown in Graph.
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Graph 3: Load Versus Max. Shear Stress (Carbon Sté& Alloy Steel)

From graph3 it is show that Maximum Shear StresClarbon Steel is more at different loads while pare

with Alloy Steel, Stainless Steel and Chromium \inen Steel material

Comparison of Maximum Shear Stress between Thifea&elit materials is shown in Graph
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Graph 4: Load Versus Deflection 9Carbon Steel, Allp Steel & Stainless Steel)

From graph4 it is shown that Maximum Deflection @arbon Steel is more at different loads while carapwith

Alloy Steel, Stainless Steel and Chromium Vanad&teel material.

CONCLUSIONS

* In this suspension spring, four different materidds carbon steel, alloy steel, chromium vanadaieel, stainless
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steel with three different loads are used for asialyAmong the above materials carbon steel matginva the

better stress and deformation values comparinghier ehree materials.

Mostly prefer carbon steel material for bike sugp@m spring due it its material stability, ductiliand resilience

by observing those analysis stress and deformatibres.

It is also concluded, analytical values are compangth simulated valued and are well validated doe

percentage of error is very low.

Therefore, it is conclude that from the above satiah results carbon steel material is more stabtegives good

efficiency compared to other three material prapert
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