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Postopki pri optimiranju mehanskih lastnosti preénega stabilizatorja
Optimisation of Mechanical Properties of a Stabilising Bar

JANKO KERNC - ALOJZ ZUPANCIC - MATIJA FAIDIGA

V clanku je opisana dolocitev vamerne karakteristike in casovne trdnosti prednjega stabilizatorja
osebnega vozila Renault Clio. Vzmetna karakteristika je najprej preracunana po ebicajni meitodi, na
podlagi katere je bil izdelan poseben radunalniski program. Zaradi preverjanja natanénosti in
uporabnosti posamiénih nacinov preradunavanja je izraéun izdelan Se po metodi konénih elementov,
najprej po nacelu majhnih deformacij (IDEAS 5.0) in nato $e po nacelu velikih deformacij (ANSYS
5.0a). Pri zadnfem izracunu so upositevane obremenitve, ki so bile dolocene na podlagi meritev.
Casovna trdnost stabilizatorja je doloéena le z izracunom po metodi koncnih elementov z upostevanjem
velikih deformaciy.

Kljune besede: vozila osebna, stabilizatorji preéni, lasinosti mehanske, optimiranje lastnosti

This paper comprises the determination of the spring characteristic and time strength of the
Sfront stabilising bar of Renault Clio. Spring characteristic is first calculated using a classic method
that has been included in a computer program. To check the accuracy and usability of different
methods, the calculations were also made with the use of the finite element method. First the principle
of small deformations (IDEAS 5.0) and then the principle of large deformations (ANSYS 5.0a) were
used. In the last case the loads measured on a coordinate measurement machine were used. Time
strength of the stabilising bar was determined using finite elements method for large deformations.

Keywords: vehicle, stabilizing bar, mechanical properties, optimization of properties

0 UVOD 0 INTRODUCTION

Tovarna avtomobilov Renault se je zavzemala
f*zzdi?énéfiz Péz ';v:f;ji i:g;ﬁ'g;f;?f:?ét?&ir??% ouring to initiate domestic production of the front sta-
Ravne. Pri Prﬂiz\"ﬂdnji pDEﬂmiﬁ“ih Elﬂmﬂﬂtﬂv h1]i51ng bar for their Cliﬂ mﬂdEI The pTDjEtt Was ac-
proizvajalec avtomobilov obitajno puséa izdelovalcu  cepted by the STO RCERERY, Ravne. The manu-
stabilizatorjev prosto odlogitev pri izbiri materiala, facturer of elements for cars is usually free to choose
medtem ko je treba upodtevati zahtevano geometrijsko  the component material, but has to adhere stringently
obliko stabilizatorja. Poleg tega so natanéno dolodeni  to the geometry required. Besides that, the stabilising

pogoji in rezultati preizkusanja, katerim mora  par must pass the dynamic strength and spring cha-
stabilizator ustrezati, tako glede vzmetne karakteristike racteristic tests required by the car manufacturer.

kakor tudi glede dinamine trdnosti stabilizatorja.

The car manufacturer Renault was endeav-

.1 Vzmetna karakteristika 1.1 Spring characteristic
Dologiti je bilo treba vzmetno karakteristiko The existing stabilising bar has a diameter of

stabilizatorja, ki ima po celotni dolZini premer

22 mm. The actual spring characteristic has to be
d =22 mm, in preveriti, ali se vzmetna karakteristika i

ESCRN e T e computed, and its deviation from the required char-

Zahtevana vzmetna karakteristika je podana z eno acteristic has to be checked. The required charac-
samo todko: F = 2100 N: a=6° (sl. 1). Kot a teristic is given with one point only: F=2100N;
% L x = . - . ¥ .
opazujemo v navpi&ni smeri, torej v smeri koordinate @ = 6° (Fig. 1). The angle & lies in the vertical plane,
y oziroma v ravnini x-y. i.e. in the direction of y coordinate of the x-y plane.
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Sl. 1. Dolodanje vzmetme karakteristike stabilizatorja
Fig. 1. Determination of the spring characteristic of a stabilising bar

1.2 Napetostno stanje pri dinami¢nem
preizkusu stabilizatorja

Na stabilizatorju s premerom 22 mm, je bilo
treba ugotoviti napetostno stanje pri dinamifnem
obremenjevanju. V tem primeru opazujemo toéno
dolo&eni toki, ki sta definirani s preseistem premega
sornika in srediS¢em ravnine kolesa (tocki K in K/
sl. 2), pri Eemer se zahteva v skrajni legi odmik
Ay, = 86,5 mm. Po zahtevah tovarne Renault mora
stabilizator vzdrzati vsaj 60000 nihajev, to je
obremenitev do Ay, in razbremenitev (sl. 3).

1.2 Stress and dynamic load test
of the stabilising bar

It is necessary to determine the stress in the
stabilising bar under dynamic loading. For the pur-
pose of load definition two points (K and K') are de-
fined as intersection of the swivel pin axis with the
middle plane of the wheel. The maximum load is de-
fined as the maximum displacement of the points K,
and K/, i.e. the maximum difference in their y coordi-
nates. Its magnitude is Ay, = 86.5 mm. Renault re-
quires the stabiliser bar to withstand at least 60000
full load cycles (Fig. 3) before breakdown.

prijemalitfe sile
farce application point

- Sl. 2. Karakteristicne tocke in tocke prijemali§éa sile na prednji premi vozila
Fig. 2. Reference points, and force application points on the front axle of the vehicle
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Ay, = 86,75 mm

S1. 3. Obremenitev stabilizatorja pri dinamicnem preizkuSanju
Fig. 3. Dynamic test load of the stabilising bar

2 POTEK I1ZRACUNA

2.1 Zatasni izratun vzmetne karakteristike
po obifajni metodi

Zaresevanje po obicajni metodi je bil uporabljen
poenostavljen model stabilizatorja, tako da niso bili
upodtevani ukrivljeni predeli stabilizatorja.
Predpostavili smo, da je stabilizator zgrajen le iz ravnih
delov (lomljen model), ker smo ocenili, da s takim
modelom lahko pri¢akujemo dovolj natanéne rezultate
za prvi priblizek vzmetne karakteristike.

Smer obremenitve na stabilizator se vseskozi
spreminja, odvisno od lege preme. Obremenitev se
vnasa v smeri Cepa, s katerim je stabilizator vpet in
katerega os gre priblizno (zaradi gumijastega vpetja)
skozi todko P! (sl. 1 in 2). Ker je £ep med obratovanjem
ves &as zelo blizu pravokotnici na povriino
stabilizatorja, na katero nalega (koti odklona so majhni),
smo za prvi priblizek vzeli silo, pravokotno na
omenjeno povriino s prijemali$éem v toéki P. V tocki
P, je bilo treba upoitevati nasprotno predznacene
komponente sile, glede na silo, ki deluje v tocki F'. Za
podprtje stabilizatorja smo vzeli ¢lenkaste podpore,
pomicne v smeri x, v totkah V in V'. To je totkovno
podprtje, pri katerem niso upo3tevani gumijasti
elementi na mestu podprtja.

Za dolotitev povesa stabilizatorja smo se
odlo¢ili, da uporabimo nagelo virtualnega dela. Da bi
se izognili ronemu izraunu povesa stabilizatorja, smo
v ta namen izdelali ratunalniski program v
programskem jeziku Fortran, Program od uporabnika
zahteva najprej podatke o Stevilu polj nosilca, v katerih
Zelimo opraviti izratun (lahko je to samo eno in

2 COMPUTATION COURSE

2.1 Preliminary computation
of the spring characteristic

The classic solution uses a simplified model of
the stabilising bar, where only the straight parts of
the bar are modelled. The rounded bends are repre-
sented as sharp angles i.e. the bends are not mod-
elled. We assumed that such a model would be suffi-
ciently accurate to serve as the first approximation.

The direction of load forces changes constantly
as a function of the suspension position. The force is
applied to the stabilising bar in the direction of the
fixing pin. The pin longitudinal axis goes (approxi-
mately, due to the rubber joint) through the point P*
(Figs. 1 and 2). During the operation, the pin is close
to perpendicular direction (since the deviation angles
are small) in relation to the fixing surface of the bar.
Therefore, as the first approximation, the force is
applied to the bar at the point P, and perpendicular to
the fixing surface. The force at point P,' has the same
size and the opposite direction, with respect to the
force in P'. The bar is fixed in points V and V', and is
free to move in the x direction. This model uses point
support, which is an approximation of the actual rub-
ber joints.

The principle of virtual work has been used to
compute the deformation of the stabiliser bar, Be-
cause of the relative complexity of the formulae used,
a computer program has been written in Fortran pro-
gramming language. The program requires the data
on the number of sections of the bar. At least one
section is required. The input data include coordinates
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katerokoli polje). Podati je treba koordinate zadetnih
in konénih toék polj nosilca, koordinate podpor, silo, s
katero obremenjujemo stabilizator, in nagib sile. Vse
podatke podajamo le za eno polovico stabilizatorja,
ker program lahko sam upodteva simetrijo in
antisimetrijo geometrijske oblike, podprtja in
obremenitev, Podatki se zapisujejo v datoteko.
Rezultat, ki ga dobimo, je poves v smeri sile in poves
stabilizatorja v navpicni smeri, poleg tega pa program
zapie v datoteko upogibne in torzijske momente v
poljih stabilizatorja. Tako lahko z uporabo programske
opreme za risanje grafov izrifemo diagrame
posamiénih momentov.

lzralun je pokazal, da karakteristika
stabilizatorja ne ustreza zahtevani vzmetni
karakteristiki. Pri premeru stabilizatorja 22 mm
dobimo poves - odmik tofk P' in P’ Ay = 99,55 mm
in velikost opazovanega kota a = 5,3°, kar pomeni,
da je stabilizator preveé tog. Po izraéunu bi zahtevani
vizmetni karakteristiki ustrezal premer stabilizatorja
d=21,24 mm.

2.2 Preracun stabilizatorja po metodi konénih
elementov (MKE)

Za natanénejSo doloéitev vzmetne ka-
rakteristike smo izvedli izratun stabilizatorja tudi po
metodi konénih elementov s programskim paketom
IDEAS 5.0.

Stabilizator smo preratunali kot enoosni ele-
ment. Model smo gradili iz linijskih elementov, pri
temer smo ukrivljene le stabilizatorja zgradili iz
veljega Stevila kratkih elementov, ker IDEAS 5.0 ne
zmore preratuna ukrivljenih linijskih elementov (sl.
4). Obremenitve stabilizatorja smo definirali enako
kakor pri izra¢unu po obi¢ajni metodi. Podprije je bilo
treba definirati nekoliko drugade. V to¢kah V in V'
sta omejena le pomika v smeri y in z. Tako podprt
stabilizator deluje kot mehanizem, ker je sistem
podprtja statiéno predoloten. V mehaniki to pomeni,
da se nosilec obremenitvi odmakne, ker ni dovol
podprt. Reakeijske sile so enake ni€. Programski paket
IDEAS 5.0 (tako kakor drugi programi za preraCune
MEKE) ni zmoZen trdnostno prerafunati statino
predolofenih sistemov, ampak le nedologene in
stati¢no dologene. Zato je bilo treba stati&no
predoloden sistem z dodatnim podprtjem stabilizatorja
spremeniti v statiéno doloCenega. Tako smo poleg
podprtja, ki smo ga uporabili pri obi¢ajni metodi,
stabilizatorju na mestu v sredini med podporama
omejili zasuk okoli osi x in pomik stabilizatorja v smeri
x. V dodatni podpori se pri takinem obremenitvenem
primeru ne pojavijo reakcije, oziroma so vrednosti
reakcij enake ni¢ (pri dejanskem vpetju v praksi
nimamo na tem mestu zasuka okoli osi x in pomika v
smeri 05i x), tako lahko pri€akujemo povsem pravilne
rezultate, Ceprav podprtje ni tak¥no, kakrino je v
resnici pri stabilizatorju, vpetem na podvozje vozila.

of start and end points of the bar, coordinates of sup-
port points, and the load force magnitude and direc-
tion. All the data are given for one half of the stabil-
ising bar only. The program is able to take into ac-
count the symmetry and antisymmetry of the geom-
etry, supports, and loads. All the data are written ina
file. The result of the computation is the deformation
of the bar in the direction of the load force, and in the
vertical direction. Bending and torsion moments in all
sections are also computed and written in a disk file
that can be used to present graphically the forces
and moments along the bar,

According to the computation described above,
the existing stabilising bar (d = 22 mm) fails to con-
form to the required spring characteristic. The com-
puted difference of y coordinates of the points P' and
P, is Ay=99.55 mm, and a= 5.3° at the specified
load force. This means the stabilising bar is too stiff.
The bar conforming to the required characteristic
would have, according to the computation, a diam-
eterofd=21.24 mm.

2.2 Spring characteristic computation using
the Final Elements Method (FEM)

The computations of the spring characteristic
were repeated, using the finite element method (pro-
gram package IDEAS 5.0), to get a more accurate
result.

The stabilising bar was set up as a beam model.
It is made of several line elements. The bends in the
real bar were replaced by a larger number of short
linear beams, because the IDEAS 5.0 package does
not allow curved beam elements (Fig. 4). The loads
are defined in the same way as in the previous com-
putation method. The supports however, had to be
defined in a slightly different way. The movement in
points V and V' is restrained only in x and z direc-
tions. Such a support work as a mechanism — the
system is statically predefined. There are too few
supports, and the element moves under load. The
reaction forces equal zero. FEM programs (such as
IDEAS 5.0) cannot properly compute such systems.
Therefore the system must be made statically deter-
mined by adding supports. In the middle of the stabil-
ising bar we find constrained movement in the x di-
rection, and rotation about the x axis. When loaded
with actual loads the reactions in the additional sup-
port are zero, i.e. in the vehicle the lateral shift and
rotation at this point vanish. Therefore we can ex-
pect correct results, although the model support dif-
fers from the real one, when the stabilising bar is
incorporated in a vehicle.
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Preglednica 1. Primerjava rezultatov, dobljenih s programskim paketom IDEAS 5.0
Table 1. Comparison of results obtained with the IDEAS 5.0 program package

premer stabilizatorfa | poves Ay (mm) pri sili
stabilizer diameter | deflection Ay (mm)at force oL (™
d (mm) F=2100N

maodelirane krivine
modelled curves 22 94,74 5,17
modelirane krivine
modelled curves 21,08 112,48 6,00
lomljeni model
straight line model 22 100,91 538

Iz rezultatov prerafuna (pregl. 1) tega modela
smo dobili potrditev, da je stabilizator preved tog in
ne ustreza zahtevani vzmetni karakteristiki. Ker pa
50 se rezultati precej razlikovali od rezultatov dobljenih
po obiéajni metodi, smo z istim programskim paketom
izratunali tudi lomljen model (sl. 4), brez upostevanja
krivin. Tako dobljeni rezultati so se razlikovali za manj
ko 1,4% od rezultatov, dobljenih z obi¢ajno metodo,
Poglavitni vzrok za to razliko je ta, da smo pri obiéajni
metodi vzeli, da se najvedji poves pojavi pribliZno v
smeri delovanja sile.

i

The results from the above computation (Ta-
ble 1) confirm that the stabilising bar is too stiff, and
does not conform to the required spring characteris-
tic. But the results differ significantly from the basic
computation. Therefore we made and computed a
second model with only linear elements (Fig. 4). The
curves were not modelled. The difference between
the results obtained in this way and the results of the
basic computation is only 1.4%. The main reason for
this difference is the supposition {(made in the basic
method) that the biggest deformation is in the direc-
tion of the load force.

b)

Sl. 4. Nedeformirana (pretrgana érta) in deformirana geomeirijska oblika stabilizatorja.
a) preprost model brez upoStevanja ukrivljenih predelov
b) natanénej$i model, oblikovane krivine s kratkimi odseki
Fig. 4. Undeformed (dotted line} and deformed shape of the stabilising bar
a) simple line model without curved bends
b) curves modelled with series of short beams
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2.3 Preradun stabilizatorja po metodi konénih
elementov z upostevanjem velikih deformacij
(ANSYS 5.0a)

Tudi v tem primeru smo stabilizator obravnavali
kot enoosni element in smo pri gradnji modela uporabili
encosne linijske elemente. Uporabili smo tudi identi¢no
podprtje. Za nataninejlo doloitev vzmetne

karakteristike stabilizatorja, predvsem pa za dobro
analizo napetostnega stanja, je bilo treba natanéno
doloéiti smer delovanja obremenitve v odvisnosti od
deformacij in upo3tevati spreminjanje njenega
prijemali3&a. Zato smo uporabili prerafun stabilizatorja
po metodi velikih deformacij, s katero je bilo mogode
stopenjsko definirati spreminjanje smeri in prijemaliste
obremenitve. Za natanéno doloditev smeri in pri-
jemali¢a obremenitve v odvisnosti od deformacije
stabilizatorja so bile izvedene meritve na koor-
dinatnem merilniku v tovarni vozil Revoz v Novem
mestu. S tem izralunom smo dobili najmanjsi poves
stabilizatorja Ay = 92,64 mm in velikost opazovanega
kota &= 4,9°.

2.4 Dinamié¢ni test

Za preratun zdriljivosti stabilizatorja pri
zahtevani dinami¢ni obremenitvi je treba dolo&iti
napetostno stanje v drogu stabilizatorja. Kakor je bilo
omenjeno, je pri dinamiénem testu stabilizatorja
zahtevan dolofen odmik dveh totk na koncih preme
v navpiéni smeri (razliko koordinat v smeri y). Pri tej
legi preme je mogo&e doloditi razliko koordinat (v
smeri y) totk, v katerih deluje obremenitev na
stabilizator in iz te deformacije stabilizatorja se tako
lahko izraduna obremenitev F na stabilizator. Na
podlagi dobljene sile, ki se pojavi pri zahtevani legi
preme, je bilo treba dologiti kriti®no mesto in velikost
napetosti, ki se na tem mestu pojavi. Na kriti¢nem
mestu se pojavlja kombinacija upogibnih, normalnih
in torzijskih napetosti (striZzne napetosti so zanemarljivo
majhne), iz katerih je bilo treba doloéiti primerjalno
napetost.

Zahteva pri dinaminem testu stabilizatorja je
bila, da stabilizator zdrZi 60000 tak&nih obremenjevan;
(sl. 2). Da to preverimo, moramo poznali ¢asovno
trdnost materiala, iz katerega je stabilizator izdelan,
to pomeni, da moramo poznati Wéhlerjevo krivuljo
materiala, iz katerega je stabilizator izdelan.
Stabilizator se izdeluje iz jekla za cementiranje, DIN:
20MnCr5 (Zelezarne Ravne: EC100). Ker v nasem
primeru nismo poznali W&hlerjeve krivulje, je bilo to
treba dologiti. Na Indtitutu za metalurgijo so za
omenjeni material izvedli potrebne trajnodinami&ne
preizkuse. Bilo je izvedenih le 8 preizkusov (S1. 5), ki
pa niso bili izvedeni pri izmeni&ni napetosti. Ker so v
nadem primeru nujno potrebni podatki o ¢asovni
trdnosti materiala pri izmeniéni napetosti, smo to

2.3 Spring characteristic computation using
the FEM, considering large displacements
(ANSYS 5.0a)

For this computation we have used linear beam
elements for modelling of the stabiliser bar as in the
case of computations with the program IDEAS 5.0.
The loads applied and the supports were also identi-
cal. We decided, however, to determine the exact
direction and application points of load forces as a
function of the deformation. These parameters were
measured on a three dimension coordinate measur-
ing machine in the Revoz factory (Renault subsidi-
ary) in Novo mesto. For the computation we used
the step-by-step loading, changing the direction and
application point of load force according to the meas-
urement results. In this way we obtained the y coor-
dinate difference Ay = 92.64 mm, and the angle
a=49°

2.4 Dynamic test

To compute the durability of the stabilising bar
under dynamic loading, it is necessary to determine
the stresses first. As already mentioned, the height
(v coordinate) difference of two points (K and K") of
the suspension is required as the maximum load in
the dynamic test. In this position of the suspension it
is possible to calculate the position and the differe-
nce in y coordinates of the two points on the bar (P*
and P ") that coincide with the force application points.
From this forced position, the load force F can be
deduced. On the basis of this load force, which ap-
pears in the required suspension position, the critical
point on the bar, and the stresses in it have been cal-
culated, At the critical point there is a combination of
bending, normal, and torsion stresses. The shear stress
is so small that it can be neglected. The significant
stresses are used to compute the comparison stress,
used in durability calculations.

It is required that the stabilising bar does not
fail before 60000 loads are completed (Fig. 2). To
verify it we have to know the time strength of the
stabiliser bar material, i.e. its Wohler curve. The
material has the designation according to DIN
20MnCr35 (Ironworks Ravne EC100). The Wahler
curve was unknown, therefore we had to determine
it. The required tests were made at the Institute for
Metallurgy in Ljubljana. Only 8 tests using pulsing
loads were made (Fig. 5). However we still needed
data on alternating dynamic loading. We tried to de-
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poskusali dodatno doloéiti na podlagi razpoloZljivih
podatkov. Pomagamo si § Smithovim diagramom,
Velikost napetosti, pri kateri zdrzi material neomejeno
stevilo obremenjevanj (trajna dinamiéna trdnost),
prenesemo v Smithov diagram pri ustrezni vrednosti
koeficienta R(R = o_/ o). Skozi tﬂﬁlm. ki pomeni
a,, potegnemo &rto pod"kutum 42° in preseciite
premme z ordinato, to pomeni velikost izmeniéne
napetosti in trajnodinamiéno trdnost nadega materiala.
Tako lahko priblizno konstruiramo potek Wéhlerjeve
krivulje (S1. 5), pri éemer upostevamo, da preidemo v
podro&je trajnodinamiéne trdnosti priblizno pri 5- 10°-
kratnem obremenjevanju, nagib premice, ki pomeni
Wohlerjevo krivuljo v logaritmiénem diagramu v
podroéju éasovne trdnosti, pa lahko le ocenimo.
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duce it from the existing data. The Smith diagram for
the material (found in the literature) was used for the
purpose. The stress with unlimited lifetime (dynamic
strength) was transferred to the Smith diagram at
the relevant value of the R (R = o, / o) coefficient.
Then a line inclined by 42° was drawn through the
a,, point. The intersection of this line with the y-axis
of the graph is the dynamic strength of the material
for an alternating load. In this way it is possible to
approximately deduce the Wohler curve (Fig. 5). con-
sidering that the unlimited life time starts at approxi-
mately 5:10° load cycles. The slope of the line in
logarithmic representation can only be estimated.
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Sl. 5. Potek Wéhlerjeve krivulje pri wiripni in izmenicni napetosti
Fig. 5. Wdohiler curve for pulsing and alternating loads

[zratun je pokazal, da sta kritiéni mesti na
stabilizatorju v tockah V in V", kjer je stabilizator
podprt. Nekoliko vedja je napetost v tocki V
(g, = 593 MPa).

Tako lahko ugotovimo, da stabilizator zdrZi
30625 predpisanih obremenjevanj, kar pomeni, da
stabilizator nikakor ne ustreza zahtevam dinamiénega
testa.

V vozilo vgrajen stabilizator ni podprt v
podporah le v eni tocki, kakor je upostevano v tem
izradunu, ampak je podprt na doloéeni dolZini
stabilizatorja z gumijastim podprtjem. To pomeni, da
v praksi ni kritiéno mesto v tofki V, kakor je pokazal
na# izratun, ampak tik ob podprtju, kar se je izkazalo
tudi iz preizkusov (na tem mestu se stabilizator porui),

According to the computations, the critical
points are the points V and V', i.e. the support points.
The largest stress in point V is o = 593 MPa.

This stress yields the lifetime of 30625 load
cycles, meaning that the stabilising bar (according to
the computation) fails to meet the requirement.

The stabilising bar incorporated in the vehicle
is, however, not supported by point supports, but by
rubber joints that support a certain length of the bar.
The critical point is therefore not at the centre of the
joint, but at its edge. This fact has been verified by
experiments made on a specialised machine — the
stabiliser bar breaks at the point. Since the spring



ki se izvajajo na zato prilagojenem preizkusnem stroju.
Podprtja, kakrinega imamo pri stabilizatorju,
vgrajenem v vozilu, pri preradunu nismo mogli
upoitevati zaradi nepoznane vzmetne karakteristike
gumijastih elementov. Lahko pa smo doloéili s
sedanjim modelom, torej ob predpostavki tockaste,
popolnoma toge podpore, kolikina napetost se pojavi
na mestu, kjer se stabilizator v praksi porusi. Rezultat
je = 547.5 MPa.

Pri tej napetosti se stabilizator na tem mestu
porudi 3ele po 80670 ciklih obremenjevanj, torej
pomeni, da je stabilizator lahko kos predpisanemu
dinamiénemu testu. Opozoriti velja, da v tem primeru
izratunana primerjalna napetost ni tak3na, kakrina
se v resnici pri gumijastem podprtju tu pojavi. Guma,
s katero je stabilizator podprt na doloéeni dolZini, na
tej dolzini ovira deformacije stabilizatorja, zunaj
gumijastega vpetja pa deformacije niso ovirane, zato
se ob podprtju pojavijo dodatne koncentracije
napetosti, ki pajih seveda dolo¢imo le s pravilnim
upoitevanjem gumijastega vpetja,

Natanéen odgovor na vpradanje o zdrZljivosti
stabilizatorja pod dinami&no obremenitvijo bi lahko
dali le, ¢e bi natanéno upostevali elastiéno vpetje
stabilizatorja in &e bi natan&no poznali potek
Wihlerjeve krivulje uporabljenega materiala.
Manjkajote podatke je treba dobiti z merjenjem
vzmetne karakteristike gumijastega wvpetja
stabilizatorja in ve&jim $tevilom dinamiénih testov
materiala na preizku$evalnem stroju.

3 SKLEP

V prispevku so izdelana orodja in metode, s
katerimi pridemo do ustreznih rezultatov o trdnosti in
zdrZljivosti stabilizatorja, Izradun po obiajni metodi
je bil namenjen le za prvo oceno, za katero lahko
re¢emo, da je bila, glede na zanemaritve in po-
enostavitve relativno dobra. Izracun s programskim
paketom IDEAS 5.0 je pokazal, da upo$tevanje
ukrivljenih predelov stabilizatorja precej prispeva k
rezultatom. Pri najnatanénejem izradunu s
programskim paketom ANSYS 5.0a, pri katerem je
upostevano nacelo velikih deformacij, je bila primerna
izvedba meritev za doloditev spremembe smeri
obremenitve in njenega prijemali3¢a. Z uporabo
natanénejdih prerafunov rezultat konsistentno
konvergira proti dejanski vrednosti (preglednica 2).
Obseg dela pri natanénejsih metodah ostaja v mejah,
ki so primerne za normalno uporabo,
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characteristics of the rubber joint were unknown,
therefore we could not replicate the exact support
conditions in our FEM model. Instead the stress at
the edge of the actual support was calculated, using
the existing model. The result is o = 547.5 MPa.

This stress gives a lifetime of 80 670 cycles,
thus meeting the basic requirement of 60 000 cycles.
It should be noted, however, that the computed stress
does not correspond exactly to the actual one, ap-
pears with the rubber joint support. Rubber in the
joint elastically restrains the deformation that is not
restrained outside the joint. This causes additional
stress concentrations at the edge of the joint that can
only be computed using the correct rubber joint model.

The exact answer as to the durability of the
stabilising bar could be given only if we considered
the exact elastic supports, and the exact Wohler
curve, The missing data could be obtained from meas-
urements of the spring characteristic of the rubber
joint, and from a larger number of dynamic material
tests for the Wohler curve.

3 CONCLUSION

In this paper a presentation is given of tools
and methods for the calculation of the strength and
endurance of a stabilising bar. The classical method
calculation served as the first estimation, which - con-
sidering the simplifications made - appeared to be a
relatively accurate one. The computations with the
program package IDEAS 5.0 have shown the im-
portance of modelling the curved parts of the bar.
For the most accurate computation (ANSYS 5.0a),
using the principle of large deformations, it was nec-
essary to measure the changes in load force direc-
tion, and application point. With the progressive use
of more accurate procedures the result consistently
converges toward the actual value (Table 2), while
the preparation and computation effort remains within
practically usable limits.
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Preglednica2. Rezultati izracuna vzmeine karakteristike sedanjega stabilizatorja (d =22 mm) pri

ohremenitvi 5 silo F = 2100 N

Table 2. Results of the computation of the spring characteristic of the existing stabilising bar (d=22 mm),

loaded with F = 2100 N

poves kot
deflection angle
mm 7
tht?me vrednosti g i
required values
obiéajna metoda (€rtni model)
classic method (line model) 99,55 5,31
MEKE IDEAS 5.0
&rtni model - line model 100,91 5,38
MKE IDEAS 5.0
modelirane krivine — modelled curves 94,74 5,17
MEE ANSYS 5.0a
upoitevanje velikih deformacij - large deformations 92,64 4,90

Glede vzmetne karakteristike stabilizatorja
lahko zatrdimo, da je stabilizator prevet tog. Gumijasti
elementi na mestu podprtja, ki v izratunu niso
upostevani, stabilizator dodatno meh&ajo. To pomeni
nekoliko vedji poves pri enaki obremenitvi, vendar ta
vpliv ni tako velik, da bi se vzmetna karakteristika
pribliZala zahtevani.

Pri preraéunu dinamiéne trdnosti stabilizatorja
je treba poudariti, da so rezultati le orientacijski. Da
bi prisli do dovolj dobre resitve, bi bilo treba analizirati
model, pri katerem bi upo$tevali gumijaste elemente
na mestu vpetja stabilizatorja, pri ¢emer bi bilo treba
natanéno doloéiti elasti¢ne lastnosti gumijastih
elementov za vpetje. Poleg tega bi bilo treba natanéno
dolotiti trajnodinamiéne lastnosti materiala, iz katerega
je stabilizator izdelan, kar pomeni, da bi bilo treba
izvesti trajni dinamiéni preizkus pri izmeniéni napetosti
z vedjim Stevilom preizku3ancev ter dologiti
Wahlerjevo krivuljo za doloeno verjetnost trajanja.

According to the computations, we can state
that the stabilising bar is too stiff. The rubber joints
that were not considered in the computation tend to
cause some softening. This means that the deforma-
tion, at the same load force, is increased, but the ef-
fect does not cause the spring characteristic to con-
form to the requested one.

The results of the dynamic strength computa-
tion can only be used for orientation. For a good solu-
tion a model with rubber joints in support points would
be required. The properties of the rubber joints would
have to be measured. In addition, the dynamic strength
of the bar material would have to be determined ac-
curately. This would require a thorough dynamic test
with alternating loading, using a large number of speci-
mens, and determination of the Whler curve for a
certain lifetime probability.
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