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ABSTRACT

The zim of the present work is to investigate theoretically the vibration characteristics
of the driver body components due to road surface irregularities, when changing the
characteristics of suspension system components A mathematical model representing
the vehicle and the driver, and contmins five degrees of freedom, has been built-up and
analyzed A computer program has been written based on the transfer matrices
concept, and used in the frequency range up to |5 Hz Finally, thes work is considered
A slep towards obtamung usefsl technical protection data against vibration. The resulls
indicate that the wbration characteristics of the driver body (ride comfort) are
influenced by the charactenstics of the vehicle suspension system components.
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INTRODUCTION

Most of the available literature on studying the vibration problem in vehicle/driver has
been devoted to stabulize the responses over the wehicle sprung mass without
representing the drver as a human being which has a rather complex vibration system.
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On the other hand, only simple models representing the vehicle and the dnver
separately, have been used in the analysis|| ],

A Computer - Automated approach for studying the human body vibration is given by
Amirouche (2] This paper presented the transient response of different pans due 1o a
sinusoidal forcing function as well as an impulse function applied 1o the lower torso in
the verical direction The simulation closing fits the experimental findings for the
sitng relaxed posture, with the maser peak a1 4 85 Hz having an acceleration ratio
shightly greater than two. Al highest natural frequencies of the model in the range or
the peaks are not observed due to the high damping coefficient used [n addition, Pope,
et 1l [3] investigated the response of the sprng to both impact and sinusoidal
excitations in either a relaxed or erect sealed posture. Ten subjects (5 maies,5 females )
were tested using both methods The models could then be used for designing seating
environments, for instance, which would cptimize or mininaize response of a truck
driver to roud condition Troup [4] studied the relationship between human body
vibration and shock on the back pain and explained by epidemidegical studies. It was
suggested that the impulse character of vibration must be taken into accoun, and, that
for future swdies, & method of detenmuning and evaluating vehicle vibration through
frequency- response functions was descnibed by Lines [§] Human transfer function and
the absorbed power are used to investigate the effects of vibration on the human
beng  On the other hand, El-Madany, et al .[6] performed an analytical and simulstion
study of a tractor-semu-trailer vehicle incorporating active dampers, semi-active
dampers and high gan load levers The potential ride performance improvements
offered by different advanced suspension sysiems, based on the use of  active control
techniques, are evaluated and compared with the performance of the connection
passive suspension.

Three wheels belong to a class of system which are non-holonomic in nature A
malhematical model for such a vehucle has been formulated 1o inveshgate the dynamics
and the directional stability A very simple modification, suggested by Hatwel, e a,[7)
helped to avoid nsubility. The steering becomes much smoother with such
modification of the drnive In the same direction, Petersen [8] dealt with measurements
and calculations of the dynamic behavior of the vehicle to explain the 1est rig and
reports on accuracy of the simulation. The test ng is able to provide earlier, aster and
qualitatively better results when testing the strength of chassis/ suspension and body
components than by the normal method of testing  prototypes on factory proving
grounds. The problem of the interaction of the vehicle with road surface was discussed
by Abuel-Seoud [9), in vertical direction oaly. The proposed mathematical models are
presented, and the road surfaces irregularities are presented a3 stationary random
excitations. Fore that, the main aim of this paper is to investigate the variation of the
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damping coefficient, and wiffness factor for the front and rear suspension systems of
the passenger vehicles on the nde comfort when these vehicles meve on the paved
roud gurface

VEHICLE/ DRIVER MATHEMATICAL MODEL IDEALIZATION

The difficullies m solviag the problem of vehucle Jdriver vibrations are due 10 the fact
that both vehicle and driver in their mechanical aspects are non-linear and unstable
systems with infinte number of degrees-of-Freedom.

When constructing the model of the driver, using 2 mechanical wbration system, one
cannot take Mo account all the factors reflecting the dynamic characteristics of the
driver, and should only consider the essential ones. The number of degrees-of freedom
‘considered, the resonance state and the Lnearity must be defined. The simulated
mathematical model for the vehicle/driver elements sccording 1o the standard
coordmites syiiem s shown m Fig. 1

The formulation of the mathematical mode! of 4 linear problem, which will be used in
this work, conmders the vehicle body 15 connected to the rest of vehucle units through
linesr ypring and viscous damping elements. The vehicle model itsell is based on the
model and analyses wiilized in the discretion of the dynamic behavior of the vehicle
body. Therefore, the natural froquencies of the dynamic model used in the analysas a°*
ewmned brefly The following assumptions were made in the course of analyzing
vehicle/driver performance.
I- The vehicle body, driver body and wheelhub masses are considered as lumped
Masses,
2- The tyre never leaves, the ground.
3- The suspension systems, driver body elements and tyres damping values were
assumed 10 be a viscous damping
4- The suspension working space of the suspension systems is large enough to prevent
the possibfity of contact between suspention sysiem slements and bumper,
5- The road profile s considered to be the same under the front and rear wheels.
The power spactram density funclios of the ground profile is [10]
(@) = (R (o) w2003 4oy
R (w) = CV_(w VizxyE

Vs vehucle forward speed
C=31E-6 and E =2 , forapaved road surface
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RESULTS AND DISCUSSIONS

Damping Coeficient Variation for Front Shock Absorber

In this section the study of the effect of variation of damping coefficient of front shock
sbsorber of suspcnson sysiem, on the vetcle and the driver in terms vertical and
pitching motions, when the vehicle moves on paved road surface at a forward car
seed of 60 km/hr 13 presented. Figs. 2 to 5 indicate that the increase in the damping
coefficient above the reference value (384 N .S/m) by 20%, tends to decrease the
driver and vehicle body responses in vertical direction, while the increase of the
dampmg coefficient in pitching moton doesn't sffect the vibration response In
addivon, if reference value is decreased by 20%, the contrary happens in vertical
dwection, while in pitching motion nothing has changed. Finally, from Figs 2to §
three facts can be deduced, the maumum response values or maximum accelerations
vibration responses change when changing the dash-pot (shock absorber) damping
coefficent, the fraquencees at which these masimum eceur have been alterad, and the
number of acceleration peaks has changed The figures indicate also, the resonant
frequencies of the passenger vehscle which oceur at the frequencies corresponding to
the peaks In desgrng procedure, those speeds must be suppressed or avoded as
possible

Damping Coefficient Variation for Rear Shock Absorber

Figures & 10 9 show the effect of vanation of damping coefficient of shock absarber for
fear suspension system on the drver and velucle body in verical and putching
directions. These figures indwate that increasing the damping coefficient value (782
NS/m) by 20%, increases the discomfori of the driver and vehicle body responses,
while the decrease of the damping coefficient tends 10 decrease the vehicle body
response, and increase the ride comfort generally speaking, the increase of the
damping coefficient of the rear shock absorber of the suspension system, accomphshes
more comforability for the dnver and less wibranon effect on the vehicle body.
Decreasing of the dumging coefficient of the rear shock absorber of the suspension
system has the same effect on the comfort ability of the driver and less effect of
vibration on the vehicle body These results are valid for the scope of this investigation
but beyond i, the results may be changed because the relationship between damping
cocefficient and vibration response 1s having a parabolic shape

Stiffness Variation for the Front Suspension System

In this section, the efect of the variation of stiffness of front suspeasion system is
studied on & paved road, and at forward vehicle speed of 60 kmvty Figures 10 to |3
show the vibration responses of the driver in wvernical direction and vehicle body in
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vertical, piching directions, and vertcal vitranon accclenation resporse on froa
wheel! hub muss From these figures, & bad effect on the veihecie body i nouced when
mcreanny the sufitess sbove oy reference vahse (12480 N/m) by 10% and mcreases
s0 the mumber of worst spesds This effect leads 10 increase the depreciation of the
wehucle On the other hand, the decrease of the stiffness of the front suspension system
wn vertical and pitching directions below ity reference value by 20%, has no effect.

Stiffness Variation for the Rear Suspension System

In this section the effect of the vanation of the wiffness of rear wispension system 5
studied on & paved road and ai forward car speed of 60 kmitu Fugures 1480 17
reprasent the vibration scceleration responses of the same driver and vehicle body
components  These ﬁmmilﬁmlﬂ.lh‘ummﬂmw:mtﬂt}um
suspenson sysem above its reference value (13730 N/m) by 20%, has no effect on the
vehicle body in wertical and pitching directions. But the decrease of the rear stiffness
value of suspersian sysiem below its reference value by 20%, has shghtly bad effect on
the drver and vehicle body m both drections These results are vald in the rarge of
frequency of §- 1% Hz, but beyond i this may be change uader other cormsderation

CONCLUSIONS

1- The vigranon of the dampog coeficient of the rear shock-aborber above or below
s refererce value causes decrease and increase the dnver comforability,
respacirvely

2. The vanation of the stiffness value of the rear and fromt suspension systems have
slightly bad effect on the responses of drive and vehicle body

3+ Tiwe resonaat frequencacs of the daver'vehicle combaration ocour ol the frequencies
comesponding 10 the pesks m 18, 23, 84, 14 Hr However, m desigung
procedures these Fequences st be mppressed or avoided as posible

4. Active dampers are very imporant to be used jn vehicle to modify its sell depending
on road roughness and vehecle forward speed.
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