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Abstract- Spring is a mechanical element which absorbs ltbeksand stores in terms of strain energy. It then
released when the load is removed. Springs in guaees used as an energy reservoir and in soms itase
used for absorbing the shock. Normally in the vielsidt is used to absorb the shock. Here an attesmpade by
taking two different type of springs i.e. helicaidaLeaf spring and analyzed the stress carryingagpand the
deflection for a specific load and deflection val@atic analysis determines the safe stress amdspmnding
pay load of both leaf and helical compression gprirhe present work attempts to analyze the saf@ ¢d the
both type of spring and the best alternative outhef two considering cases. Here the attempt isentgd
designing both type of springs by analytical mettaodl then the model is prepared by CATIA and then t
model is analysed by the licenced package of AN$fSMaximum principal stress, Equivalent stresse&h
stress, Maximum principal strain, Equivalent stramul total deformation and compared with each other

Index Terms- Suspension System, Helical Spring, Leaf Springy Feheeler, Static analysis

1. INTRODUCTION:

changing stiffness (SCS-springs) have proven most

It is always the demand of customers fopromising for providing infra and low frequency
vehicle suitable for both on and off road drivingghw vibration isolation at a reasonable cost. Suchnggri
superior performance. The main goal of an engiieer can operate in parallel with supporting springgqior

to isolate the driver and vehicle from

roadsome cases) independently to control and minimize

irregularities such as a bumps, pot holes, unpavelde total stiffness kS of a suspension.

surfaces and to maximize its

performance.

road holding

In suspension system vibration isolation
plays an important role. Rapid technological
development in these fields has increased the foeed
higher-performance vibration isolation systems.r€he
are two kinds of vibration that must be reducedaby
vibration isolation system. They are

Generally suspension system consists of Elastic
element (transmit vertical loads and lower level of

dynamic loads).

. Lateral stabilizer

. Guide (transmits forces to the load carrying

system and distributes moments between the wheel
and body).

. Vibration transmitted from the ground i Damper _(durlng da_mplng the mechanical
through the suspension (spring) and energy of vibration changes into heat energy).
. Vibration caused by disturbances acting on e Elastic Elements
an isolation table directlyd{rect disturbance).
Metallic Nun-metallic

Vibration more than 10 Hz frequencies

harmful to humans. These vibrations due to longtim
affect humans and have a greater impact on regdlen
areas. A suspension with less stiffness is betier Lf

—

Leaf spring, Helical spring
Torsion bars

Rubber, Air, Hydraulic

reducing the former
between the vibration source and the isolationetabl

because dynamic coupling

Here the role of spring is more important to

weakened; thus, zero stiffness is ideal in thisecasjsolate vibration. Any spring like leaf, Torsion cwil,
However, higher stiffness is better for suppressi®y must compensate irregularities in the road surface,
latter because it reduces dlsplacement of thetisala maintain the Suspension system at a predetermined

table from its desired position; thus, infiniteffstess

height and support added weight without excessive

is ideal in this case. In conventional passive-typgagging. SCS-springs can provide stiffness coridrol
vibration isolation systems, a trade-off betweewdo 5 suspension and minimize the natural frequency

and higher stiffness is inevitable, so that peramoe  spectrum of a man or engineering vibration isotatio

is limited. Suspensions with springs of variablgnsi

system (VIS) up to an arbitrary small value.
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mechanical energy. Springs are usually made out of
Historically speaking, the steel multi-leafspring steel. There are a large number of spring
spring is one of the oldest and most widely usethgp designs; in everyday usage the term often refers to
designs in suspension systems. The advantage® of toil springs.
leaf spring are many, not only because it acts as a
spring, but also because it attaches the axlettjirex Small springs can be wound frome-pr
the chassis. Leaf springs are normally long ant fldardened stock, while larger ones are madefrom
and made up of a number of thin strips of metakseh annealed steel and hardened after fabrication. Some
layers together offer a flexible but strong resis&ato non-ferrous metals are also used including phaspho
bumps and are designed more for load-bearing th&monze and titanium for parts requiring corrosion
shock resistance. This type of suspension is corymorresistance and beryllium copper for springs éagy
used in passenger cars and your everyday salooefgctrical current (because of its low electrical
which have weight spread across their entire chassiesistance).
Some modern vehicles use a combination of both leaf When a coil spring is compressed o
and coils springs to combine load bearing witlstretched slightly from rest, the force it exeiss
comfort. approximately proportional to its change in length
Sometimes known as helical springs, coilthis approximation breaks down for larger
springs use compression around their ‘coil’ to eoft deflections). Therate or spring constant of a spring is
the bumps and bounces of the road below a car. Théhe change in the force it exerts, divided by the
are designed to offer resistance against thishange in deflection of the spring. That is, ithe
compression and, as they become more difficult tgradient of the force versus deflection curve. An
compress the more they are compressed, they offeextension or compression spring has units of force
softening and gradual flexibility to the vehiclgisle. divided by distance, for example Ibf/in or N/m.
Coils are largely used in isolation, so rigged e t Torsion springs have units of torque divided bylang
front and back of a car which is the opposite @irth such as N-m/ rad or ft-Ibf/degree.
counterpart technology.
Depending on the design and mequi
So here in this paper we present brational operating environment, any material can be used to
analysis of suspension springs. How they isolateonstruct a spring, so long as the material has the
vibration and feel comforts to the passenger. Byequired combination of rigidity and elasticity:
considering different materials of suspension gwin technically, a wooden bow is a form of spring.
we analyse their vibration and deflection.
4. HISTORY OF SPRINGS
2. PROBLEM DEFINATION:
Simple non-coiled springs were used
In the present time world is moving towardsthroughout human history, e.g. the bow (and arrow)
progress. People can able to afford their own Ve&ic In the Bronze Age more sophisticated spring devices
Thus usage of transport is increasing day by day amere used, as shown by the spread of tweezers in
road. The number increase due to the royal lifeesiy many cultures. Ctesibius of Alexandria developed a
people those usually choose to use their own wehicinethod for making bronze with spring-like
than public transport with more comfort. But thischaracteristics by producing an alloy of bronzehveih
increase in number of vehicles increases the pofut increased proportion of tin, and then hardeninigyit
as well as utilizes a huge amount of fuel. hammering after it was cast. appeared early in 15th
century in door locks. The first spring poweredei®
Without hampering the comfortness ofappeared in that century and evolved into the first
people if by any means the utilization of fuel dam large watches by the 16th century. In 1676 British
reduced then it is a good benefit for human societphysicist Robert Hooke discovered Hooke's law
Here an attempt is taken to maintain the fuel eogno which states that the force a spring exerts is
by increasing the shock carrying capacity of th@roportional to its extension.
vehicle with the help of proper suspension system.
Due to proper suspension system the total loadbeill 5. TYPESOF SPRING
absorbed and hence it will not put any extra effort
the engine and hence the fuel can be utilized Springs can be classified depending on how the load

economically up to some extent. force is applied to them:
[0 Tension/extension spring — The spring is
3. SPRING designed to operate with a tension losd,the

spring stretches as the load is applied to it.
Spring is an elastic object usedstore [J Compression spring — Is designed to operate
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with a compression load, so the spring gets] Compression coil springs, designed to resist being
shorter as the load is applied to it. compressed. A typical use for compression coll
[0  Torsion spring — Unlike the above types in springs ign car suspension systems.

which the load is an axial force, the load applied

to a torsion spring is a torque or twisting force, 1 Torsion springs, designed to resist twisting ation
and the end of the spring rotates through an angle Often associated to clothes pegs or up-and-over
as the load is applied. garage doors.

[J Constant spring - Supported load will remain the 7.
same throughout deflection cycle.

LEAF SPRING:

[0 Variable spring - Resistance of the coil to load Leaf spring is a simple form of spring used for
varies during compression suspension in wheeled vehicles. They are alsoresfer
A Volute spring is a compression spring in théo as laminated, semi- elliptical spring, carriageings,
form of a cone, designed Huat under compressioncart spring, or helper spring. In mid 1970's lgqatirgys
the coils are not forced against each other, thwere very common in automobiles. At present, mést o
permitting longer travel. the automobiles are designed using oil springs, gas
springs, or air suspension. They are now used awvyhe

A Tension or extension springs are designed tovehicles such as trucks and cars. The reason g¢h#t |

become longer under load@heir turns (loops) aresprings are still used in heavy vehicles is thaythave
normally touching in the unloaded position, arttie advantage of spreading the load uniformly dkier
they have a hook, eye or some other meansvehicle chassis, whereas coil springs transfer arly a
attachment at each end. single point.

[0 Hairspring or balance spring — a delicate spiral Leaf springs are very simple and are not fancy
torsion spring usedn watches, galvanometerslike the other springs that are currently availableey
and places where electricity must be carried tave slightly curved, long and narrow plates fixed
partially rotating devices such as steering whe#he frame of a trailer that are placed above oowel
without hindering the rotation. the trailer’s axle.

[0 Leaf spring — a flat spring used in vehicle

suspensions, electricawitchesand bows. There are two types of leaf springs:

6. HELICAL SPRINGS

A coail spring, also known as a helical spring,
is a mechanical device which is typically used tares
energy and subsequently release it, to absorb sloock
to maintain a force between contacting surfacegyTh
are made of an elastic material formed into thegpeh
of a helix which returns to its natural length whe 17
unloaded. Under tension or compression, the materia
(wire) of a coil spring undergoes torsion. The 13gri
characteristics therefore depend on the shear lnngdu
not Young's Modulus. A coil spring may also bedise
as a torsion spring: in this case the spring @hale is
subjected to torsion about its helical axis. Theaemal
of the spring is thereby subjected to a bending

Mono leaf springs: The mono leaf spring or

single-leaf springs consist of only one plate
of spring steel. These are normally thick in

the middle and taper to the end, and they
don't typically offer too much strength and

suspension for heavy vehicles.

Multi leaf springs: Multi leaf springs
consists of several leaf springs with varying
length placed on top of each other. The
shorter plates are placed at the bottom and
the longer plates are placed at the top. They
have the same curved shape which have
thinner edges and are thicker in the middle.

moment, either reducing or increasing the helical There are two different leaf spring based on the
radius. In this mode, it is the Young's Moduldigh® springs ends,

material that determines the spring characteristics
Metal coil springs are made by winding a wire aian
shaped former - a cylinder is used to form cyliodri
coil spring.

Types of helical spring are:
Tension/extension coil springs, designed to resist

stretching. They usually have a hook or eye form [J
at each end for attachment.

Double-eye leaf springs: On double-eye leaf
springs the top plate is the longest and has
both ends curved like a circle. The ends of
the double-eye leaf springs make two holes,
which can be connected to the bottom of a
trailer's frame.

Open-eye leaf springs: Open-eye leaf springs

have only one hole. The other end of an open
eye leaf spring usually has a hook end or a
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flat end.

SPRING MATERIALS:

One of the important considerations in spring
design is the choice of the spring material. Sofme o
the common spring materials are given below.

Ooooogood

Hard-drawn wire
Oil-tempered wire

Chrome Vanadium

Chrome Silicon:
Music wire
Stainless steel

Phosphor Bronze / Spring Brass

STATIC ANALY SIS OF SPRING:

Following are the spring materials used by us:

[0 Chromium - vanadium steel.
[ Silicon - manganese steel

[0 Phosphorous bronze.

Chromium Silicon Phosphor
Vanadium Steel| Manganese | Bronze Alloy

Steel

Carbon, C| Carbon Copper
0.48-0.53%
Chromium,  Cr| Iron Iron
0.8.-1.1% 98.15% <0.10%
Iron, Fe| Manganese Lead
97.095-97.72%
Manganese, Mr Phosphorous | Phosphorous
0.70-0.90% 0.030-0.35%
Phosphorous, R Silicon Tin
<0.035% 4.2-5.8%
Silicon, Si| Sulfur Zinc
0.15-0.30%
Sulfur, S
<0.040%
Vanadium, V
>0.15%

(Table -1 Material Composition table)

Available online at www.ijrat.org

Here analytical approach is considered for
deciding the dimension of spring cross section.imyur
static condition, the suspension frame is subjetded
point and bending loads due to the weight of the
members over here. By considering the equation of
deflection the cross sections are decided. At, fire
dimensions of springs are designed by CATIA and
then the same cross sections are analyzed by using
CATIA.

Let us consider the condition for designing the

1) DESIGN OF SPRING:

Total weight of the passenger = 1000 kg

Total weight of the vehicle = 1800 kg so, total giei

= 1000 + 1800 = 2800 kg

No of spring = 2

So, weight acting on each spring = 2800/2= 1400 kg
Assume factor of safety = 1.25

Strength Chromium|  Silicon Phosphor
Property Vanadium| Manganesg Bronze
Steel Steel Alloy
Density(”’j,.ﬂ!) 0.284 0.284 0.320
Yield tensile 145000 39900 55100
strength (psi)
Ultimate tensile _ 74400- 68200
strength (psi) 95000
Modulus of 205 200 110
elasticity (GPa)
Poissons ratio 0.29 0.29 0.341

(Table-2 Material property table)

Load acting on each spring =1400*9.81*1.25
So, 2P =17167.5N

P= Name Of t 5
8583. [The Materic
75N
Total Chromium 7.99mm 56.35mm
span Vanadium
of the Steel
spring Silicon 8.21mm 51.94mm
=754 Manganese
mm Steel
So, Phosphor 12.31mm 30.82mm
effecti Bronze
ve Allo
Name | d | D(m | L;(m | Ly(mm| n | P(m
Of The | (m | m) m) m)
Material | m)
Chromi | 12. | 61.3 | 138. | 85.89| 6| 27.6
um 27 9 42 8
Vanadiu
m Steel
Silicon | 12. | 63.0 | 130. | 88.27| 6| 26.0
Mangan | 61 7 19 38
ese Stee
Phospho| 18. | 94.6 | 92.2| 75.68| 3| 46.1
r Bronze| 92 03 0
Alloy

length of each spring (L) = 754/2 = 377 mm
Width of the plate (b) = 60 mm
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(Table -3 Calculated Dimensionsfor Leaf Spring)

(Table -4 calculated Dimensionsfor helical spring)

FE ANALY SIS OF SPRING:

The model of leaf and helical springs are

analyzed by ANSYS for Maximum principal stress, soo o0 oo 1.
Equivalent stress, Shear stress, Maximum principe _e *
strain, Equivalent strain and total deformation. (Fig 5 Total Defor mation)

w
0.00 400.00 (mm}) Lf on 20O

200.00 O

(Fig 1 Equivalent Stress) (Fig 6 Meshing)

00004119
0.00020595
2.3875e-9 Min

L{"
0.00 400.00 (mm)

200,00 =

2 Max Principal Strain

Lx' o
0.00 400.00 (mm)
——————

Z00.00 -

(Fig 3Max Principal Stress)

0.0010225
0.00051124
2.812¢-0 Min

L{"
0.00 400.00 (mm)

200,00 =

100.00 (mm)

(Fig 4 Equivalent Strain) - 2
(Fig 9 Strain Energy)
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Chromium Silicon Phosphor
Vanadium Manganese | Bronze Alloy
Steel Steel
Min | max | min | max| min| max
Maxi - 3557 - 6691 - 1.19
mum | 21.58| .4 | 2821| .1 | 1.251| 63E
princi 4 2 TE7 9
pal
(Fig 10 Total Defor mation) stre_ss
Chromium Siicon Phosphor Equiv | 13.77 | 4419 | 11.14 | 8406 | 8.868 | 1.78
Vanadium | Manganese| Bronze Alloy alent 6 1 9 S 2E6 | 39E
Steel Steel Shoer 1526 2018 .45
Min | max | min| max) min) max | yess|1598.| .3 |2178.| .2 | 6.605| 46E
Maxi - 380.| - 51.6 - 2.701 4 4 E8 8
mum | 24.4| 53 | 9.84| 53 | 6.150| 9E7 Maxi | 1.449| 0.01 | 1.867 | 0.03 | 3.927| 0.01
princi | 19 77 E6 mum | 7E-5 | 9339 | 8E-5 | 3961 | 5E-7 | 1925
pal princi
stress pal
Equi | 0.00 | 942.| 0.00 | 141. | 3483.| 7.946 strain
valen| 057 | 6 025 | 44 5 SE7 Equiv | 0.000| 0.02 | 7.492| 0.05 | 8.062 | 0.01
t 643 6 alent | 1914 | 159 | 8E-5 | 7318| E-5 | 622
Stres strain 8
S Total 0 443. 0 430. 0 0.18
Shear| - 117.| - 26.5 - 1.768 defor 2 7 843
tress | 119.| 22 | 33.4| 26 | 1.827| 7E7 matio
23 82 E7 n
Maxi | 2.38 | 0.00 | 5.07 | 0.00 | 2.345| 0.000 value. Here both the springs are designed by
mum | 7E- | 185 | E- | 033 | E-8 | 3187 considering the same deflection value. From this
princi | 9 35 | 10 | 994 2 report it is concluded that for the heavier loaelaf|
pal spring is more acceptable than helical spring. @o f
strain all the type of four wheeler vehicles for suspensio
Equi | 2.81| 0.00| 1.31| 0.00 | 3.167| 0.000 leaf spring is advisible as compared to helicairgpr
valen | 2E- | 460 | 6E- | 070 | E-8 | 7224
t 9 11 9 75 1 REFERENCES:
strain [1] G. Harinath Gowd and E. Venugopal Goud,
Total | O | 505 0 | 033 O 0.000 “Static analysis of leaf spring”, International
defor 44 467 2601 Journal of Engineering Science and
matio Technology, Vol. 4, pp. 3794-3803, 2012.
n [2] Mr. V. K. Aher and Mr. P. M. Sonawane,

(Table 5 Analysis Report of Leaf Spring) “Static and fatigue analysis of multi leaf
spring used in the suspension system of
LCV”, International Journal of Engineering
Research and Applications, Vol. 2, pp. 786-
1791, 2012

[3] Shigley, “ Mechanical Engineering Design”,

Eighth Edition, Budynas—Nisbett,

McGraw—Hill Primis , 2006, Ch. 10

Mehdi Bakhshesh and Majid Bakhshesh,

“Optimization of steel helical spring by

composite spring”, International Journal of

Multidisciplinary Sciences and Engineering,

Vol. 3, pp. 47-51, 2012

[5] M. Senthil Kumar and S. Vijayarangan,“Static
analysis and fatigue life prediction of steel and
composite leaf spring for light passenger

(Table 6 Analysis Report Of Helical Spring)
CONCLUSION:

Here the design is made in CATIA by
calculating the dimensions through conventional
approach for leaf spring and helical spring. Thea t [4]
model is analyzed through the software ANSYS for
Maximum principal stress, Equivalent stress, Shear
stress, Maximum principal strain, Equivalent strain
and total deformation.

From the analysis it was found that all the

stress and strain values are more in case of helica
spring compared to leaf spring for the same deflact
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[6] Design Data Hand book by S. Md. Jalaluddin.
[7] A text book on machine Design by R.S.Khurmi
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