[JRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

DESIGN OF A MODIFIED LEAF SPRING WITH AN INTEGRATED
DAMPING SYSTEM FOR ADDED COMFORT AND LONGER LIFE

Sean D'Silvd, Sumit Jain?

L Department of Mechanical Engineering, Rajiv Gandistitute of Technology, Mumbai, India.

Abstract

This paper explains the design of new type ofdpahg which has an integrated damper system. dtlteen designed by keeping in
mind the various necessities of a vehicle moving sarface which is subjected to a number of vibraforces. The main objective of
having this new design is to improve ride qualitylancrease the overall life of the leaf springgeneral by reducing the intensity of
forces on its surface. By implementing this dedilga,forces acting on it are distributed to the tkampers and to the bottom of the
leaf. This helps in the overall balancing of thecés which in turn improves the comfort level atgbahe increases the lifespan of
the component. The results are compared with thatstandard leaf spring. The design is done usiregAutodesk Inventor software
and the analysis is completed using ANSYS statictstal 14.5.
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1. INTRODUCTION

A spring is defined as an elastic body, whose foncis to
distort when loaded and to recover its originalpghwhen the
load is removed. Leaf springs absorb the vehicleations,
shocks and bump loads (induced due to road irrétiak) by
means of spring deflections, so that the potemiargy is
stored in the leaf spring and then relieved slovwdility to
store and absorb more amount of strain energy esstie
comfortable suspension system. Semi-elliptic Iqafng)s are
almost universally used for suspension in light drehvy
commercial vehicles. For cars also, these are widséd in
rear suspension. The spring consists of a numbdeades
called blades. The blades are varying in lengtke Glades are
us usually given an initial curvature or camberedisat they
will tend to straighten under the load. The leafrapis based
upon the theory of a beam of uniform strength. THmgthiest
blade has eyes on its ends. This blade is called aranaster
leaf, the remaining blades are called graduateeekeall the
blades are bound together by means of steel straps.

The spring is mounted on the axle of the vehiclee €ntire
vehicle load rests on the leaf spring. The frond ef the
spring is connected to the frame with a simplejpint, while
the rear end of the spring is connected with aldbaShackle
is the flexible link which connects between leafisgp rear
eye and frame. When the vehicle comes across agbiaj on
the road surface, the wheel moves up, leading ledm®n of
the spring. This changes the length between thegpyes. If
both the ends are fixed, the spring will not beealb
accommodate this change of length. So, to accomtadtes
change in length shackle is provided at one end;wgives a

flexible connection. The front eye of the leaf spriis
constrained in all the directions, whereas rear Byelot
constrained in X-direction. This rare eye is corieéco the
shackle. During loading the spring deflects and @sown the
direction perpendicular to the load applied.

When the leaf spring deflects, the upper side ohdaaf tips
slides or rubs against the lower side of the Idmfva it. This
produces some damping which reduces spring vilrsitibut
since this available damping may change with tinteis
preferred not to avail of the same. Moreover, ibduces
squeaking sound. Further if moisture is also preseunch
inter-leaf friction will cause fretting corrosionhich decreases
the fatigue strength of the spring, phosphate pasy reduce
this problem fairly. The elements of leaf spring ahown in
Figure 1. Where t is the thickness of the platis, the width of
the plate and L is the length of plate or distaotthe load W
from the cantilever end.

Fig. 1 Elements of a Leaf Spring
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2. BENDING STRESS OF LEAF SPRING

Leaf springs (also known as flat springs) are mauteof flat
plates. The advantage of leaf spring over helipehg is that
the ends of the spring may be guided along a defpath as it
deflects to act as a structural member in additmrenergy
absorbing device. Thus the leaf springs may caaterdl
loads, brake torque, driving torque etc., in additio shocks.
Consider a single plate fixed at one end and loadi¢ite other
end. This plate may be used as a flat spring.

Let t = thickness of plate

b = width of plate, and

L = length of plate or distance of the load W frate
cantilever end.

We know that the maximum bending moment at theileast
end

M=W.L
And section modulus,

z

<l

Where | = (t3/12) and Y = t/2

SoZ=ht?/6

The bending stress in such a spring,
f=M/Z=(6W.L)/bt? ... (1)

We know that the maximum deflection for a cantileweath
concentrated load at free end is given by

9= W.I? / 3.E.l = 22/ 3.E.t ......(2)

It may be noted that due to bending moment, togréitwill be
in tension and bottom fibers are in compression the shear
stress is zero at the extreme fibers and the mariatucentre,
hence for analysis, both stresses need not to ke tanto
account simultaneously. We shall consider benditrgss
only. If the spring is not of cantilever type butis like a
simply supported beam, with length 2L and load2Wthia
centre

Maximum bending moment in the centre,
M=W.L
Section modulus

Z=bt?/6

Bending stress
f=6W.L /bt?

We know that maximum deflection of a simply suppdrt
beam loaded in the centre is given by

d=W.L3/3.E.l

From above we see that a spring such as automspilag

(semi-elliptical spring) with length 2L and load tine centre
by a load 2W may be treated as double cantile¥¢hel plate

of cantilever is cut into a series of n strips aditiv b and these
are placed as shown in Figure 1, then equationsaud) (2)

may be written as

= WL/ NBE2 oo, 3)
0= 4WL3 [ n.E.bt? = 212 3EL ......... (4)

2.1 Selection of Material

Materials of the leaf spring should be consist efnly 60%-
70% of the vehicle cost and contribute to the dqualnd the
performance of the vehicle. Even a small amounivéight
reduction of the vehicle, may have a wider economigact.
Composite materials are proved as suitable sutesifor steel
in connection with weight reduction of the vehidience, the
composite materials have been selected for leafggesign.

2.2 Fibres Selection

The commonly used fibers are carbon, glass, ke,
Among these, the glass fiber has been selected! as¢he
cost factor and strength. The types of glass filbeesC-glass,
S-glass and E-glass. The C-glass fiber is designedive
improved surface finish. S-glass fiber is desigrgiee very
high modular, which is used particularly in aeramau
industries. The E-glass fiber is a high qualitysglawhich is
used as standard reinforcement fiber for all thes@nt
systems well complying with mechanical property
requirements. Thus, E-glass fiber was found appatsprfor
this application.

2.3 Resins Selection

In a FRP leaf spring , the inter laminar shearngffes is
controlled by the matrix system used. Since these a
reinforcement fibers in the thickness directiomefi do not
influence inter laminar shear strength. Therefdine, matrix
system should have good inter laminar shear stiengt
characteristics compatibility to the selected miocément
fiber. Many thermo set resins such as polyestemyl\ester,
epoxy resin are being used for fiber reinforcemplatstics
(FRP) fabrication. Among these resin systems, eggoghow
better inter laminar shear strength and good mechkn
properties. Hence, epoxide is found to be the bEshs that
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would suit this application. Different grades ofogp resins 3. ANALYSIS AND COMPARISON
and hardener combinations are classifieds, basedhen .

mechanical properties. Among these grades, theeguid 3.1 Standard Leaf Spring
epoxy resin selected is Dobeckot 520 F and the egiefd
hardener used for this application is 758. Dobe&&ft F is a
solvent less epoxy resin. This in combination whitirdener
758 cures into hard resin. Hardener 758 is a loscosity
polyamine. Dobeckot 520 F, hardener 758 combinatin
characterized by good mechanical and electricapenties,
faster curing at room temperature and good chemical
resistance properties.

2.4 Basic Design
Table 1: Basic dimensions
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Width (b) 50 mm Fig 3: Total deformation
Thickness (t) 6 mm
Camber height 36 mm
Shock absorber height 274.35 mm
Pin hole diameter (d) 25.4 mm (e
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Fig 2: Modified leaf spring
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Fig 5: Maximum principal stress
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3.2 Modified Leaf Spring

For the modified leaf-spring it is assumed that tbad is
distributed equally between the two spring and tbaf.

Therefore the effective load on the leaf is taken5800 N.

This value is taken as an average value dependirdifierent
working conditions encountered during the workingle of
the component.
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Fig 6: Total deformation

ot
001818
V0ISHLS
{IENES
LLL
Lo
o5
L0089
254557 Min

0000 0200 0400(m)
[ ———— S
[0 1300

Fig 7: Equivalent elastic strain
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Fig 8: Maximum principal stress

Table 2: Result comparison

Standard leaf spring Modified leaf spring

Total 0.0003m | Total 0.00199 m
deformation deformation

Equivalent | 0.0023 Equivalent | 0.0023 m
elastic elastic

strain strain

Maximum | 3.156 x| Maximum | 3.067 X
principal 108 Pa principal 108 Pa
stress stress

4. RESULTS AND DISCUSSION

It can be seen from the images as well as fromréiselts
obtained that the modified leaf spring is compagdyi better.
The stress deformation is much more uniform anccé@enill

have a longer life and will be in turn more relabThis also
shows that it can handle a larger number of stmgses
compared to the standard leaf spring. Most of theable
forces acting on the leaf are absorbed by the desmpesent
and the two ends.

CONCLUSIONS AND FUTURE WORK

As seen from the results it can be concluded thatl¢af
spring with the integrated dampers is more berafighen it
comes to reliability and performance. Stress atetye of the
leaf is also relatively less as compared to thedsted leaf.
More analysis can be done by changing the anglath the
dampers have been positioned and it can be inclirddde
optimization procedure of the present design. ftassible that
the leaf spring with give better performance cheastics at a
particular angle or at different angles relativeémeach other.
Also variations can be carried out by changingdtiféness of
the leaf as well as the damper. Hence more anatgsisbe
carried out in the future.
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