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Abstract- Shock absorbers are important part of vehicle'penson, which is manufactured to reduce shock
impulse. Shock absorbers work on the principldwtifdisplacement on both the compression and esiparcycle.
The modern motorcycle uses suspension to accompésiral things; it provides a smooth comfortattee r
absorbing bumps and imperfections in the roadlsib allows the rider to fine tune the machine teegibetter
control over the machine when riding.

The project deals with analysis of mono suspenbipnising FE approach and validated with analytical
with varying speed. Helical spring is the most camnelement that has been used in suspension systeinis
research, helical spring related to light vehidspension system under the effect of a uniformitgatias been
studied and finite element analysis has been cogdpaith analytical solution. Maximum stress andetgfon have
been compared at various speeds for carbon steetieda

Index Terms- Monosuspension spring, FE Analysis, Deflection sinélar stresses.
1. INTRODUCTION

A helical spring may be defined as an elastic ~ Springindex (c) = D/d = 4.83
member whose primary function is to deflect or ]
distort under the action of applied load. It reasve Total weight =300 Kg =2943N,

its original shape when load is released. They are H vsis of . L ied
made of wire coiled into a helical form, the load €ré, analysis ol mono Suspension spring Is carrie

being applied along the axis of the helix. The main out by varying the differ_en'_[ spee(_j of bike at a b_ur_n
property of helical spring is to act in tensionimr O:c 50mm., I\hil an_arLysilst IS cfarrled zlﬁsli(slsngsﬁhnlte
compression when the load is applied at both ends. element method wit software - ear
Helical coils are mostly uses in springs, cables et stress and qleflectlon are calculated analyticatigt a
These are used in brakes and clutches for applying compared with FE results.

the forces and controlling the motion of vehicles

and machines. Similarly these are also useful for
storing the energy in watches and toys. Most 2. DETERMINATION OF STRESSES AND

important application of helical spring is for DEFLECTION OF MONO SUSPENSION
reducing the effect of shock and vibrations SPRING USING ANALYTICAL METHOD
invehicles and machine foundation. These are also _ Here, the dimensions of the mono suspension
useful for measurement of the forces. spring are considered as follows. Length a;) (I =

270 mm. Mean dia. (D) = 58mm .Wire dia.(d) =12
In this research, monosuspensionspring of Mm. Pitch (p) =30 mm. Spring index (c) =D/d
Unicorn bikeis considered. The dimensions of the 4.83Total weight =300 Kg =2943N,In this, deflection
mono suspension spring are considered as follows. and shear stresses are calculated by using arlytic
equations.The material of mono suspension spring is
Lengtha ) = 270 mm Carbonsteel. Following are thematerial propertiés o
carbon steels shown in table 1.

Mean dia. (D) = 58 mm
Wiredia. (d) = 12 mm
Pitch (p) = 30 mm
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Table 1:- Material properties of carbon steel

Sr.no  Symbols Parameter  Values
1 E Young's 170x10
modulus
2 G Modulus of| 80x1G
elasticity
3 M Poisson’s 0.295
ratio
x
m —.
tﬂ Yinfhy

Fig 1:- Model of monosuspension spring

Figure 1 shows model of monosuspension motor
vehicle that can vibrate in vertical direction vehil
travelling over a rough road .The vehicle has nudss
300kg .The suspension system has a spring
constant(spring rate) of 61312.5 N/m and here we
consider a damping ratio @ =0.5 The road surface
varies with an amplitude of Y = 50mm.Calculation
made for 1km/hr to 40 km/hré& deflection & stresses
value determine atvarious speed.The frequency

the base excitation can be found by dividing the
vehicle speed v km/hr by the length of one cycle of
road roughness.

For 3Km/hr

o = 2nf = 21 (V x 1000) /3600%(1/1)=1.74 v rad/s

o= 174 x 3= 5.22 rad/s

The natural frequency of the vehicle is given
by

o,=Vk/m=V122625/300=20.21rad/s

Frequency ratio:-r ®/ on = 5.22/20.21 = 0.26

Amplitude ratio:-(Displacement transmissibility)
XIY = {1+ (&Z)?/ @+ P>+ (2r)?}*?
X//Y:{1+(2><0.5><O.26)2/(1+O.2€§)2+(2><O.5><O.263
}l 2

X/+Y =1.07

Thus the displacement of vehicle at 3 km/hr is give
by

X=1.07 x Y =1.07 x 0.05 = 0.0534 m = 53.4 mm

This indicates that a 50mm bump in the road is
transmitted as a 53.4mm deflection to the chassis.
56d*

Forces (F) =

= (53.4x42x18x 12') / ( 8x58 x9)
F= 6305.7 N

8FD
nd3

Stresse@)= K
© =(1.32 x 8 x 6305.7x58) [ n(x12)
T =711.43N

Table 2 shows the Deflection and stress results at
various speeds by analytical method.

Sr| Sp| @ r & | Forc | Shear
.N | eed -0 | € | stress
0 a)n 5 (F) (T)
! 3 5.2 | 20.2| 0.26 53{630 | 711.4
4 5.7
2 10 | 17.| 20.2| 0.86] 71.| 839 | 947.2
4 1 5.9 5
3 25 | 43.| 20.2| 2.15| 28| 330 3729
5 6.1
4 40 | 69.| 20.2| 3.44| 15| 185 | 209
6 7 3.9
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3. DETERMINATION OF STRESSES
AND DEFLECTION OF MONO SUSPENSION
SPRING USING FE APPROACH

Finite Element Analysis (FEA) is one of t
most popular mechanical engineering applicati
This is attributed to théact that the finite elemel
method is perhaps the most popular nume
technique for solving engineering problems. °
method is general enough to handle any com
shape or geometry, any material properties,
boundary conditions and any loading ditions. The
generality of the finite element methods fits
analysis requirement of today's complex enginee
systems and designs were closed from solutior
governing equilibrium equations arc usually
available. In addition, it is efficient dign tool by
which designers can perform parametric de
studies by considering various design cases (@éififs
shapes, material, loads, etc) analysis them
choosing the optimum desigihe finite elemen
method is a numerical analysis technique
obtaining approximate solutions to a wide variety
engineering problems. The method originated in
aerospace industry as a tool to study stress
complex airframe structures. It grew out of whas'
called the matrix analysis method used in airc
design. The method has gained increased popu
among both researchers and practitioc.For FE
analysis, firstty CAD model of mono suspens
spring is created in Pra-software. After that thi
model is imported in FEA software ANSYS 11.H
spring ismeshed with element of brick 8 node s«
45. For stress analysis, constraints are appligtie
one side of spring and the force is applied on
center of other side of spring. By giving th
conditions, deflection and shear stresses
calculatedat various speeds as shown be

STEFe1 JuL 27

rrrrr
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o iz.%36¢ 25 7! 7.0 50.146
€.268 18.805

2014
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Fig.2:Deflection result for mono suspension a

km/hr
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Fig.3:-Stress result for mono suspension at 3 k
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Fig.4:- Deflection result for mono suspension
10km/hr
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Fig.5:-Stress result for morsuspension at 10 km,

HCDAL SOLUTION AN

STEPmL JUL 27 2014
e = 19:20:22
sl

T 1AVS)

Reya=y

D =29.488

Mo =25.408

Q 6.553 13.106 19.659 2€.212
3.27¢ 9.829 1€.382 22.93%8 29 . 488

Fig.6:-Deflection result for mono suspension at
km/hr
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Fig.7:-Stress result for mono suspension at 25 k
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Fig.8:-Deflection result for mono suspension at
km/hr
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Fig.9:-Stress result for mono suspension at 40 k

4. RESULT AND DISCUSSION
The analytical and FE results of mono suspen

springs are determined with vary its speed are
given in Table 3
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Table 3.Results of mono suspension spring with
varying its speed.

Deflection | Stress| Deflect | Stress
mm) | Nm | O" | (Nim
m?) (mm) m?)
1 3 53.4 711.4) 56.41 652.2
3 5
2 10 71.1 947.2| 74.65 868.6
5 5
3 25 28 372.9 29.4 342.0
2
4 40 15.7 209 16.48 191.8
1

This study presents the stress analysis of
mono suspension spring. Here, stresses and
deflections are calculated with changing speed and
validated with FEA. From the finite element
analyses, the following findings are reported.

Though, the results are elaborated in earlier
chapter, the brief discussion and conclusion is

presented as follows. For Mono suspension spring, i
is observed that deflection get increases with
increasing speed upto 10 km/hr on other hand shear
stresses are also increases. But after 10km/hh, bot
deflection and shear stresses are going to desrease
with increasing in speed. It means at higher spited,
gives low deflection and low shear stresses.

REFERENCES

[1] B. D. Shiwalkar, Design_ Data for Machine
Elements. 2012 Edition, pp79-92.

2] K. Mahadevan and K. Balaveera Reddi/, Design
Data Hand Book. Third edition. pp 138-160.

[3] Lingaiah K., Machine Design Data book, Second
edition. pp 20.1-20.33.

[41 Dr. P. C. Sharma and Dr. D. K. Aggarwal,
;I\gzchme Design”, millennium edition, pp.307-

51 R. S. Khurmi and J. K. Gupta, “Machine
Design”, S. Chand publication, pp.820-844.

[61 Max Forﬂeil, “Machine Design Problem Solver”,
Research association. V. Brijpuria, 2013,
“Analysis of closed coil helical spring subjected
to heavy duty” IJEA, vol-1, Issue-4, pp 50-55.

[71 Tausif M. Mulla, “Finite element analysis of
helical coil compression spring for three wheeler
automotive front suspension”. International
Journal of Mechanical and Industrial
Engineering (IIMIE), Vol-2, Issue-3, pp 74-77.

[8) V. Yildirim, “Free vibration of uniaxial
composite cylindrical helical springs with
circular section”, Journal of Sound and vibration,
pp 321-333.

[91 J. Lee, “Free vibration analysis of cylindrical
helical springs by the .Bseudospectra method”
Journal of Sound and Vibration, pp 185-196.

111



