Un‘ll‘!ﬁi‘{ZlT = U r) ‘\NJ.—\l U l
Vill MEBUNARODNI NAUCNO-STRUCNI SKUP 8" INTERNATIONAL CONFERENCE
0 DOSTIGNUGIMA ELEKTROTEHNIKE, ON ACCOMPLISHMENTS IN ELECTRICAL, -
MASINSTVA | INFORMATIKE MECHANICAL AND INFORMATIC Eusmsemue

Masinski fakultet

Banjaluka

ZBORNIK RADOVA
~ PROCEEDINGS

g

- ”'\J‘]JA' UrA, 295-25, 93, 2007,




i

/%,m,(/ eto T JQcrees

: NNIKE, e OALY
Nmuwnnmnul Masinski fakultet MECHANICAL AND INFORMATIC ENGINITRES

DEMI 2007__

ZBORNIK RADOVA

PROCEEDINGS

UNIVERZITET U BANJALUCI
MASINSKI FAKULTET

BANJALUKA, 25. - 26. MAJ 2007.



ZBORNIK RADOVA 8. MEDUNARODNOG NAUCNO-STRUCNOG
SKUPA O DOSTIGNUCIMA ELEKTROTEHNIKE, MASINSTVA |
INFORMATIKE

PROCEEDINGS OF THE 8th INTERNATIONAL CONFERENCE ON
ACCOMPLISHMENTS IN ELECTRICAL, MECHANICAL AND
INFORMATIC ENGINEERING

lzdavaé
Publisher

MASINSKI FAKULTET BANJALUKA

Urednik
Editor

Dr Zivko Babié, docent

Tehni¢ka obrada i dizajn
Technical treatment and design

Biljana Prochaska, dipl. ing. mas.

Tiraz
Circulation

180 primjeraka




T

CIP - Karanorazaumja y myOankauujn
Hapoana n vausepsurercka Ouiuinorexa
PenyGanke Cpricke, bamsa Jyxka

621(082)
531/534(082)
624.04(082)
536.7(082)
620.9(082)
621.3(082)
658.58(082)

MEBYHAPOAHH nayuno-crpysnn ckyn o gocturayhuma
eeKTpoTeXHHKe, Mamncrsa 1 nndopmarire (8 3 2007
; bama Jlyka)

Zhomik radova = Proceedings / 8.
medunarodni nauéno-struéni skup o dostignué¢ima
elektrotehnike, madinstva i informatike DEMI =
8th International Conference on Accomplishments in
Electrical, Mechanical and Informatic Engineering
DEMI. Banja Luka, 25. i 26. maj 2007 ;
[organizator] MaSinski fakultet ; [urednik =
editor Zivko Babi¢]. - Banja Luka : Masinski
fakultet, 2007 (Banja Luka : Grafopapir). -
882 str. ; jlustr. ; 25 em

Radovi na srp. i engl. jeziku. - Tiraz 180. -
Biljeske uz tekst. - Bibliografija uz sve
radove.

ISBN 978-99938-39-15-6

COBISS.BH-ID 374808




POKROVITELJ:
UNDER PATRONAGE OF:

Ministarstvo nauke i tehnologije Republike Srpske
i

Grad Banjaluka

Ministry of Industry and Technology of the Republic of Srpska
and

City of Banjaluka

ORGANIZACIONI ODBOR:
ORGANIZING COMMITTEE:

Prof. dr Simo Jokanovié, predsj., Masinski fakultet Banjaluka
Prof. dr Miroslav Bobrek, Masinski fakultet Banjaluka
Prof. dr Miroslav Rogié, MasSinski fakultet Banjaluka
Doc. dr Snjezana Petkovié¢, Masinski fakultet Banjaluka
Doc. dr Zivko Babié, Masinski fakultet Banjaluka
Doc. dr Petar Gvero, Masinski fakultet Banjaluka
Mr Aleksandar Milasinovié, MaSinski fakultet Banjaluka
Mr Darko KneZevié, Masinski fakultet Banjaluka
Mr Dorde Ciéa, Masinski fakultet Banjaluka
Biljana Prochaska, Masinski fakultet Banjaluka

NAUCNI ODBOR:
PROGRAMME COMMITTEE:

Prof. dr Aleksa Blagojevi¢, Masinski fakultet Banjaluka
Prof. dr Drago Blagojevi¢, Maginski fakultet Banjaluka
Prof. dr Pavao Bojanié, Masinski fakultet Beograd

Prof. dr Miodrag Bulatovié, Masinski fakultet Podgorica
Prof. dr llija Cosi¢, Fakultet tehniékih nauka Novi Sad
Prof. dr Pantelija Dakié, Elektroprivreda Republike Srpske
Prof. dr Cedomir Duboka, Masinski fakultet Beograd
Prof. dr Milan Budurovié, Masinski fakultet Banjaluka
Prof. dr Veljko Duri¢kovi¢, Masinski fakultet Banjaluka
Prof. dr Milisav Georgijevié, FTN Novi Sad

Prof. dr Vasilj G.Gerasiméuk, Nacionalni tehniéki univerzitet Ukrajine "KP|"
Prof. dr Dusan Gruden, Stuttgart

Prof. dr Vid Jovisevié, Masinski fakultet Banjaluka

Prof. dr Milisav KalajdZié, Masinski fakulitet Beograd
Prof. dr Dorde Kozié¢, Masinski fakultet Beograd

Prof. dr Vidosav Majstorovi¢, Masinski fakultet Beograd
Prof. dr Ostoja Miletié, Masinski fakultet Banjaluka

Prof. dr Dragomir Mili¢i¢, Masinski fakultet Banjaluka
Prof. dr Dragan Milutinovié¢, Masinski fakultet Beograd
Prof. dr Dragica Noe, Fakultet za strojni$tvo Ljubljana
Prof. dr Radivoje Pesié, Masinski fakultet Kragujevac
Prof. dr Miroslav Planéak, FTN Novi Sad

Prof. dr Milan Radovanovié, Masinski fakultet Beograd
Prof. dr Dobroslav RuZi¢, Masinski fakultet Beograd
Prof. dr Vladimir Savié, FTN Novi Sad

Prof. dr Milentije Stefanovié, Masinski fakultet Kragujevac
Prof. dr Milenko Stegi¢, FSB Zagreb

Prof. dr Mirko Sokovié, Fakultet za strojnistvo Ljubljana
Prof. dr Milan Sljivié¢, Masinski fakultet Banjaluka

Prof. dr Velimir Todié, FTN Novi Sad

Prof. dr Demo Tufekéié, Masinski fakultet Tuzla

Prof. dr Stevan Veinovi¢, Masinski fakultet Kragujevac
Prof. dr Vojo Visekruna, Masinski fakultet Mostar

Prof. dr Ranko Zrili¢, Masinski fakultet Banjaluka



i " T T S e
| UM ERZITET Y 2201 JALYUC]
Vil REOUKARQCH! RAUCROGTRUC M SKUP & IR TERNATIONAL CONFLIRINCE

ATt 1D CGSTIG HUCIIAA BLEKIRGTEHNIKE, . . QU ATCONMPLISITRENTS N BLECTRICAL,
o 4 ABIRATVA | IHECORIAYIKE Masinski fakultet MECHHIZAL AND I15F ORI ATIC ERGNECIING |
I AN ' i

DEMI 2007 . |

SANENL S, 2005, . 01

SRR LN - i

LABORATORY RESEARCH OF INTERACTION BETWEEN
STEERING AND SUSPENSION SYSTEMS OF VEHICLE

Danijela Miloradovit', Jasna Glisovié¢®-

Abstract: This paper presents a part of the results obtained during investigation of
interaction between the steering and the suspension systems of the passenger car in
taboratory conditions. The objective of the research was to understand the different
effects of inferaction between these two vital vehicle systems. in stalic and quasi-static
conditions. The results obtained dunng tuming of the sleering wheel following the given
law and duning the passing of the vehicle wheel over the obstacle shaped as a “slep”
function are analysed in the paper and corrasponding conclusions are presented

Key words: vehicle, sleering system, suspansion system, interaction

LABORATORIJSKO ISTRAZIVANJE INTERAKCIJE IZMEDU SISTEMA ZA
UPRAVLJANJE | SISTEMA ELASTICNOG OSLANJANJA VOZILA

Rezime: Rad predstavija deo rezultata istraZivanja interakcije izmedu sistema 2a
upravijanje i sistema elastiénog oslanjanja putnickog automobila u laboratorijskim
uslovima. Cilj istraZivanja bifo je sagledavanje razliditih efekata interakcije izmedu ova
dva vitaina sistema vozita u statickim i kvazistatickim uslovima. U radu su analizirani
rezultati dobijeni pn zaokretanju tocka upravijaca prema zadalom teslu i pti prelasku
toCka preko prepreke u obliku “step” funkcije i predstavijeni su odgovarajuci zakljudaci,
Kljucne reci: vozilo, sistem za upravijanje, sistem elastiCnog oslanjanja, interakeija

1. INTRODUCTION

There is an intensive interaction between the steering system and the
suspension system of the motor vehicle, Thus, in practice, it is necessary for these two
systems {o have compatible geometrical, elastic-kinematic and dyneamic parameters,
Review and analysis of literature imply that a small number of older papers as [1] and
(2] deal directly with interaction between the mentioned systems, Research carried out
in those papers included independent front suspension systems (McPherson, double
arm) combined with the rack-and-pinion steering system. Recent papers, like [3] and
[4] present detailed dynamical modeis of the mentioned combination of the two
systems.
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In order to closely investigate some aspects of lhe interaction belween the
steering system and the suspension system, extensive experimental research has
been carried out [5]. This paper will present results of laboratory tests that include the
turning of the steering wheel with vehicle standing and moving siowly on different
pavements and introduction of an impulse into the steering and the suspension
systems through the front left wheel (overcoming an obstacle in the shape of "step”).

2. LABORATORY RESEARCH

L.aboratery measurements were performed on the front McPharson suspansion
system and rack-and-pinion steering system of a passenger vehicle «Zastava Floridas.
According to the object of research, the following transducers were used, Fig. 1:

« dynamometric steering wheel with transducers for measuring the steering
torque, M, and steering wheel angle of rotation, /3, | Fig. 13,

o  strain gauge rosettes for measuring the left tie-rod's stress, 7, Fig 1b,

¢ inductive acceleration transducer for measuring the vertical acceleration at the
centre of the front left wheel, Z,, Fig. 1b, and

+ induclive acceleration transducer for measuring the vertical acceleration at the
connection point between the front left damper and the car body. Z,, Fig. 1c.

. SE e c),
Fig.1 Transducers used in laboratory research

The research plan required performing of the laboratory test including the
turning of the steering wheel with static vehicle and vehicle moving slowly on different
pavements and introduction of the impulse into the steering and the suspension
systems through the front left wheel {overcoming an obstacle in the shape of “step’
function). The wheels were turned on laboratery floor and on concrete pavement.

Laboratory tests with vehicle's engine not running included the measurements
on vehicle with front wheels on the ground or lifted above ground. The driver had 1o
turn the steerning wheel following the given "law" "neutral position - full left turn - full
right turn ~ back to neutral position”. The turning of the steering wheel had to be
continuous and performed with constant speed.

Measurements carried out on a vehicle moving with small speed consisted of
several tests: measurements with the use of previously mentioned test (with vehicle
standing still). but with vehicle's engine running, and vehicle moving slowly (“parking
regime") and measurements with vehicle's front left wheel overcoming an obstacie
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Laboratory research of interachon befween sleering and suspension systems of vehicle

shaped as "step” function (80 [mm] in height and 50 [mm] in width), while the steering
wheel is not controlled by the driver.

3. ANALYS!S OF THE RESULTS

Comparison of the experimental resuits obtained during the turning of the
steering wheel following the given law is shown in Fig. 2. The steering wheel angle of
rotation was used as independent variable (inslead of time), due to insufficient
repeatability of the steering wheel's angular velocity during different tests. Additionally,
Fig. 2 shows direct couplings between individual measurands.
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Fig.2 Companson of rasults obtained during the turning of the steering wheel

following the given law

The direct coupling between the steering wheel torque and the steering wheel
angle of rotation, Fig 2a, shows that the curve may be approximated correctly enough
with a serles of straight lines. in other words, the sleering wheel torque and angle of
rotation have a high linear correlation coefficient in parts of the test. #Main normal stress
at the tie-rod's cross section, Fig. 2b, does not have obvicus analytical dependence on
the steering wheel angle of rotation. The coupling between the steering whee! angle of
rotation and the vertical acceleration at the connection point between the front left
damper and the car body is shown in Fig. 2c. Graphical representation implies that
there is corresponding analytical dependence and that the parts of the curve may be
approximated with, for instance, sinus function. Direct coupling between the steering
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wheel angle of rotation and the vertical acceleration at the centre of the front left wheel.
Fig. 2d, shows a highly linear dependence.

Comparison of the result acquired during overcoming the “step” shaped
obstacle in front of the front left wheel is presented in Fig. 3. Diagrams show time
functions of measurands for vehicle driving forth and back over the obstacle. Displays
are not synchronised in time (the resulls are presented in their original form), so they

only point o the different reactions of the vehicle when it drives forth or back over the
obstacle.
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Fig.3 Companison of results acquired from vehicle's front left wheel driving forth and
back over the "step” shaped obstacie
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Laboratory research of interaction between steering and suspension sysiems of vehicle

Diagrams in Fig. 3 show that, during the overcoming of the "step” abstacle, the
reaction in suspension and steering systems elements occurs and it depends on
longitudinal direction of front left wheel's motion. Impulse vertical load transfers from
the pavement, through the wheel hub, back to the elements of the steering and
suspension systems, all the way to the steering wheel,

The steering wheel exhibits the change in torque, Fig. 3a, and in angle of
rotalion, Fig 3b. not introduced by the driver. The occurrence of the steering wheel
turning as a reaction to front left wheel overcoming an obstacle, shows ihat the front
teft wheel has also tumed without the influence of the driver. In praclice, this
phenomenon is called "bump steer effect” {turning of the wheel due 1o the passing over
the road bump) and it manifests as a vehicle tendency to "pull" to one side of the rcad.
when the front suspension comprasses, thus demanding the correction from the driver.
This effect is present in all combinations of the steering and e suspension systems
and represents one aspect of their interaction.

Fig. 3a shows that the steering wheel turns left for around 45 [°}, when the front
left wheel travels forth over the obstacle and it corresponds to turning of the wheel by
2[°] to the left (for a given obstacle). Larger turn of the stesring wheel! is noticed when
the wheel passes backwards over the obstacle - the steering wheel then turns 120 []
to the right. while the wheel turns right for 6 [°]. Rotation of the wheel around the
vertical axis is transferred back lo the steering wheel,

Torque is present on the steering wheel as a consequence of the exislence of
the inertial moments on the steering wheel, Fig. 3b. Torque values are ten times
smaller than the values of torque introduced by the driver during turning on the same
pavement {laboratory floor) in static conditions {(maximal load of the steering wheel).

Variation of normal stress in tie-rod's cross section, Fig. 3¢, follows the
variation of the steering whes! torque. Obtained values of normal stress are several
times smatler than those achieved during the test of turning the steering wheel of the
static vehicle on the same pavement, because stabilisation moment at the tire-road
contact is smaller.

Vertical acceleration at the connection point between the damper and the car
body, Fig. 3d, changes almost identically when wheel passes forth and back aver the
obstacle, with noticeable difference in maximal values (most likely coming from the
vehicle speed during the passing over the obstacle). The same conclusion applies o
vertical acceleration at the centre of the front left wheel, Fig. 3e.

The diagram of the relative suspension stroke, Fig. 3f, may provide means to
reconsiruct the physical nature of the process of vehicle wheel overcoming a road
obstacte. At first, a spring and a damper of the suspension system compress due to a
contact with an obstacle. Then, maximal values of compression occur {the wheel has
climbed on the obstacle). Further, the wheel gets off the cbstacle and the spring and
the damper stretch out to achieve the initial position. The induced vibraticn of the curb
weight excites additional stretching of the spring and the damper before the initial
position is reached. Maximal spring and damper deflection is 12+16 [mm].

4. CONCLUSIONS

Analysis of the expernmental results obtained during vehicle laboratory tests in
static regimes, with the steering wheel turned by the given law, has shown high values
of linear correlation (in parts of the test) between the steering wheel angle of rotation
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and vertical acceleration al the centre of the front wheel. This means that there is
geometrical and kinematical interaction betwsen the steering and the suspension
system. Vertical acceleration at the connection point between the damper and the car
body also shows obvious {(even analytical) dependence on the steering whee! angle of
rotation, which is the consequence of kinematical processes at the steering and
suspension systems.

The results obtained during experiment of front left wheel overcoming the road
obstacle {"step” shaped excitation function) point to the fact that impact vertical load
(equivalent acceteration at the centre of the front left wheel) is transferred from the
road, back to the elements of the suspension and steering systems and. finally, to the
steering wheel. During passing over the unit vertical road obslacle, sponianeous
turning of the wheel around its vertical axis and deflection of springs and dampers of
the suspension system occur. In practice, this phenomenon marfifesis as a vehicle
tendency to "pull’ to one side when front suspension system deflects and it is one
version of interaction of the suspension system with the steering system.

LITERATURE

[1] Zomotor, A. “Einfluff der Vorderachskinematik auf die Lenkungsunruhe”. "ATZ",
1971, No. 73{1971)8, p. 275-280.

[2] Simic, D. et al. “Mathematical-mechanical model for analysis of geometry and
forces of suspension and steering mechanisms of Z-101 vehicte in static
conditions” (in Serbian), Kragujevac: Faculty of Mechanical Engineering, “MVM",
1988, No. XIV-78/79, p. 11-31.

{3] Bian, X. et al. "The optimization design of the McPherson strut and steering
mechanism for automobiles”, "Forschung im Ingenieurwesen”, 2003, Vol. 68, p. 60-
85.

(4] Mantaras, D., et al. "Development and validation of a three-dimensional
kinematical model for the McPherson steering and suspension mechanisms’,
“Mechanism and Machine Theory”, 2004, Vol. 39, p. 603-619.

[5] Miloradovic. D. “Interaction between the steering system and the suspension
system of a passenger car” (in Serbian). Kragujevac: Facully of Mechanical
Engineering, MMasters theses. 2004.

738

e S p-»qu

= e g e



