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Abstract-Analysis and understand the performance charatitsrisf front double wishbone suspension system
for sedan vehicle handling using low profile tiréigh gives good steering handling in term of higinering
and inclination stiffness characteristics. So iessential to study the double wishbone suspersistem for
evaluating the elastic center while braking andatson characteristics. This requirement for loadinal
compliance has an unfortunate side-effect on hulirecbwhen braking forces are applied. Consequettily hub
rotates when the suspension is subject is sulijdataking forces. So this has to study in Multibd2lynamics
considering the vehicle dynamics using ADAMS sofisvaOn the basis of vehicle dynamics analysissit i
conforming that the lower the longitudinal stiffsesf the suspension, greater the associated habomtunder
braking. In the case of a front suspension, thisgjpotential for excessive castor trail loss atehdant steering
instabilities.

Index Terms-Elastic Center, Caster, Multibody Dynamics, ADAM&hicle Dynamics.

1. INTRODUCTION

Suspension framework in its least difficult struetu the suspension at full as much as possible dufieg t
may be considered as a linkage to permit the wizeel travelling for the given road conditions, in brid¢fiey
move in respect to the body and some versatife€P the wheels planted on the road. Due to the
component to bolster loads while permitting thafriticality of suspension system performance relace
movement. It is astructural assembly of springsckh Tide comfort and vehicle control and passengertgafe
absorbers (dampers) and control arms that conaectdn€ understanding of design variables and behaifior
vehicle to its wheels. In a running vehicle, thesUSPension system in severe or harsh loading cases
suspension system keeps the passage comfortable §Aguld be well known and optimized. This report
isolated from road harshness, bumps, and vibrations @nalyzes the characteristic model of wishbone type
also provides the vehicle, good handlingSuspension system, with study the effects of low
characteristic,permitting the driver to keep uptoon Profile tier on ride and handling of vehicle, lovople

of the vehicle over harsh territory or in the eveft Uer provides very good high corering performance

sudden stops. Also, the suspension framework keef&d incli.nation stiffness -charac.teri.stics. As pagse
the vehicle from harm. [1] comfort is one of the prime criteria for performanc

The Basically suspension framework comprises cﬁ\_/aluat_ion_ofl_suspens_ion.h e of th
spring, damper and auxiliary parts conveying th&INg pin inclination is the transverse angle of the

. . wivel axis of the front wheel and its stub axldeT
sprung mass (auto body). The springs retain effec frect of the inclination is usually discussed @nms

and give padding when a wheel hits an obstructioRs he king pin offset which determines the self-
The springs additionally oppose the wheel'sentering torque when the steering is turned for
development and bounce back, pushing the wheebrnering. Although many cars have a positive value
down, so to keep the control of vehicle by keepimgy  of offset which tends to return the wheel to theaight
wheels in contact with the street. Shock absorbepfiead position, some modern cars have a negative
(dampers) perform two functions. They absorb an‘%ﬁset to improve stability when the tire blows the

larger than average shocks generated by bump®in rake fails on one fr_ont wheel. .
astor angle also introduces a self-centering ®rqu

road so that the upward velocity of the wheel dier when the car is traveling forward. This is achiebgd

bump is not transmitted to the car subframe anghe positive offset shown in the diagram where the
eventually to driver or passenger. Secondly, thegpk
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Fig. 1. Caster, Camber and Kingpin [7]

contact of the tire on the road tri behind the king trail at the contact patch of tier and road andimize

pin axis [2].

With present day auto outline it has turned oubdx
more hard to see and grasp the connections of
wheel directing geometrySubsequently there a
favorable circumstances in ugilso as to consider tl
set-up by using one third scale model which is
close as possible to the real construction founé
large car. Nevertheless, the needs of experiment
require some unusual variations like an adjustahlb
axle [3,4].

2. PROBLEM DEFINITION, AIM AND
OBJECTIVE

The demands on vehicle suspension perform— in
terms of both accurate wheel geometry control
isolation — have increased steadily over the ¢
decade as the requirements of steering, handlidg
styling have dven car makers toward e-lower
prdfile tire choices of a larger diame.

The lower the longitudinal stiffness of the susp@ms
the greater the associated hub rotation under rya
In the case of a front suspension, this gives piate
for excessie castor trail loss and attendant stee
instabilities for sedan vehicle.

2.1. Aim

While using low profile tire for font double wishbe
suspension system during braking reduce the c

the hub rotation w.ravheel center for sedan vehic

2.2. Objective

Sections, sulsections and si-subsections are

numbered in ltalic. Use double spacing before

section headings and single spacing after se

headings.

e To find the way for increase in longitudir
stiffnessof the suspensio

* Investigate the new design of double wishb
suspension system for effectively decoupling
castor and longitudinal stiffne

e Maintain the suspension geometry kinematic:
same as traditional double wishbone susper

for front.
e A better solution would be a suspension wh
longitudinal  elastic  center is  mow

verticallydown from the wheel center to
ground plane region.

e Analyze the new design by multibody dynar
software like ADAMS/CAF

3. INDEPENDENT WHEEL SUSPENSION —
GENERAL.

The chassis of a passenger car must be able tdha
installed engine power. Continually improvi
acceleration, higher peak and cornering speeds
deceleration lead to significantly increas
requirements for safer chassis. Independent |
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Fig. 2.Independent wheel suspensions [7]

suspensions follow this trend. Their main advars:

are:

» Akinematic and/or elastokinematic -in change,
tending towards understeerinc

» Easier steerability with existing dri\

* Low weight

*  No mutual wheel influence

The last two characteristics armportant for goo

roadholding, especially on bends with an uneven 1

reaction forces FY,E and FY,G in the links joinitig
axle with the body. Moments are generated on

the outside and the inside of the bend and tl
adversely affect the roll pitch of the body. 1
effective distance c between points E and G ¢
double wishbone suspension should be as larc
possible to achieve small forces in the body ank
bearings ad to limit the deformatin of the rubber
elements fitted, which will impact on latral forcea

¢

Fig. 3.Body inclines by the angteduring cornering7]

surface.

Transverse arms and trailing arms ensure the de
kinematic behavior of the rebounding and jounc
wheels and also transfer the wheel loadings to
body (Fig. 2). Latedaforces also generate a mom:
which, with unfavorable link arrangement, has

disadvantage of reinforcing the roll of the bodyidg

cornering. The suspension control arms require éa
that yield under load and can also influence

springing. Thiseffect is either reinforced by twistir
the rubber parts in the béay elements, or th
friction. The lateral cornering force FW.,f causes the

wheel hub. [4]

The outer independently suspended wheel take
positive cambegew,0 and the inner wheel takes ol
negative cambew,i. The ability of the tres to
transfer the lateral forces FY,W.,f,o or FYW
decreases causing a greater required slip andhee
proportion of the weight of the body over the fr
axle and Fc,Bo,f , the centrifugal force actingtta
level of the center of gravity Bo. C wheel rebounds
and the other bumps, i.e. this vehicle has ‘recak
springing’, that is: FZ,W.f,0 = FZ,W.,f + FZW.,f di
FZW.fi=FZW,f—FZW,f
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Increases due to the parts rubbing together, aed the. component deformation is smaller and wheel
driving comfort decreases. The wheels incline \ligh control more precise.

body (Fig.3). The wheel on the outside of the bend) cross-member serves as a subframe and is screwed
which has to absorb most of the lateral force, gos to the frame from below. Springs, bump/rebound-
a positive camber and the inner wheel into a negati travel stops, shock absorbers and both pairs df@on
camber, which reduces the lateral grip of the tyf@s arms are supported at this force center. Only thie a
avoid this, the kinematic change of camber need®to roll bar, steering gear, idler arm and the tie-rofithe

adjusted to take account of this behavior. lower control arms are fastened to the longitudinal
members of the frame. The rods have longitudinally
4. DOUBLE WISHBONE SUSPENSIONS elastic rubber bushings at the front that absoed th

The last two characteristics above are most easifiynamic rolling hardness of the radial tires andie
achieved using a double wishbone suspension (Fig.4jt on uneven road surfaces.

This consists of two transverse links (control grmsTN€ main advantages of the double wishbone
either side of the vehicle, which are mounted tate SUsSPension are its kinematic possibilities. The
on the frame, suspension subframe or body andgin tpositions of the suspension control arms relative t
case of the front axle, are connected on the cautsid ©N€ another — in other words the size of the angles
the steering knuckle or swivel heads via ball jgint @1dp — can determine both the height of the body roll

The greater the effective distance ¢ between tH@nter and the pitch.pole. Moreover, the different
transverse links (Fig. 2), the smaller the foraeshie wishbone lengths can influence the angle movements

suspension control arms and their mountings become,

Steering Axis ~—

Hub Rotation
Torque

Steering Axis
et v/‘ = Loss of

Rotation .
castor trail

Fig. 5. Response of a double wishbone front suspens braking forces [9]
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Of the compressing and rebounding wheels, i.e. the

example, because of the limitation on upper arm

Fig. 4.Double Wishbone Suspension System [6]

change of camber and, irrespective of this, tortaire
extent also the track width change. With shortgreup *
suspension control arms the compressing wheels go
into negative camber and the rebounding wheels into
positive. This counteracts the change of cambér
caused by the roll pitch of the body (Fig.3).

The response of a traditional double wishbone type
front suspension to braking forces is depictedHig (

5); the hub and steering axis rotation, loss otaras
trail and approximate elastic center location aite a
apparent [8,9]. The lower the longitudinal stiffees
the suspension, the greater the associated huiorota
under braking. In the case of a front suspensiois, t
gives potential for excessive castor trail loss and
attendant steering instabilities. Traditionally,caase
the castor and longitudinal stiffness are coupled.

So following are the designs already tried to aghig
this goal and there shortcoming to achieve thid,goa
will discuss in brief only some actual production
designs only.

5. SUMMARY

Figures are to be inserted in the text nearest finsi
reference. Figure placements can be either top or
bottom.

5.1. Advantage

» Design simplicity and reduced cost

» Because of the relevant separation of body joints,
forces exerted on the body are low in comparison
for example a low double wishbone suspension.

* Higher suspension stroke than in other
suspensions (a high double wishbone one for

length).

Contained transversal dimension, due to the
absence of the upper arm; this fact is quite
beneficial for transversal engine installation.
Possibility of designing with superior longitudinal
flexibility, without greatly affecting the caster
angle.

Freedom in designing elasto-kinematic properties;
camber recovery is limited only by viable
positions for the upper pivot and lower arm fixed
joint.

The ratio between suspension and shock absorber
stroke is near to one.Shock absorbers therefore
work well with limited loads, low oil heatingand
valve wear.

2. Disadvantage

Lower performance in camber recovery. For
example, the comparison between camber angle
variation for a McPherson and a double wishbone
suspension, shown in Fig. 6

Suspension characteristic geometry causes a
position for the upper pivot interface with the
body, usually called dome, which is usually far
removed from the stiffest structures of the body,
the side beams. This causes significant problems
with suppression of vibrations and noise from the
road.

Shock absorber piston rod deformation can
increase friction and hysteresis.

Notable height for the upper pivot, so that the
spring and shock absorber are set over the wheel;
this fact could degrade the vehicle’s aerodynamic
shape and sporty body style.
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6. CONCLUSIONS suspension system and co relation between

) ) longitudinal compliances and castor complianceis, th
The demands on vehicle suspension performance —j}| raise the need of the different suspensionigtes

terms of both accurate wheel geometry control anglose to double wishbone suspension which control
isolation — have increased steadily over the pasie hub rotation and reduce castor trial

decade as the requirements of steering, handlidg an
styling have driven car makers toward ever-loweREFERENCES

profile tire choices of a larger diameter. Althoutile 1] wang, D. and Rui, Y, The Effects of Front
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Fig. 6.Comparison between camber angle variatiamfasction of suspension stroke in a
McPherson and a double wishbone suspension; tfexatite produces a better camber
recovery in the double wishbone suspension. [5]
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tire’s effectiveness as an isolator for ride cornford Their Design, SAE Technical Paper 2002-01-
harshness. 0281, World Congress Detroit, Michigan. March
However, this requirement for longitudinal 4-7, 2002. pp. 14-20.
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most suspension types generally lies somewheteein t ‘Cll_%r.\gress Detroit, Michigan March 3-6, 2003. pp.

region of the wheel center. Consequently, the hu@] steven P. Fuja, Henry A. Schmid, and Joseph P.
rotates when the suspension is subject to braking Ryan, Synthesis of Chassis Parameters for Ride

forces, yet it remains relatively stiff when suljéc and Handling on the 1997 Chevrolet Corvette,
impact forces, which are resolved at the wheelarent International Congress & Exposition Detroit,
The lower the longitudinal stiffness of the suspems Michigan February 24-27, 1997. pp. 4-11.

SAE, Surface Vehicle Recommended Practice-
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the greater the associated hub rotation under rgaki 3670e, REV JULT6, pp. 11-24

In the case of a front suspension, this gives piaten
for excessive castor trail loss and attendant istger
instabilities [7].

All are above design show the wheel center is adway
in close proximity of wheel center of front wheel
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