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Odpoved avtomobilskega pladéa

Automobile Tyre Failure

BRANKO MARKUN

Za aktivno varnost avtomobila je plaié¢ eden od najpomembnejiih sestavnih delov. Njegova
navidezna konstrukcijska enovitost se pri analizi odpovedi pokaZe kot varljiva. Ne le, da ga ne
moremo definirati kot element, Se vec, obravnavati ga moramo celo kot kompleksni sistem. To dejstvo
je v tem élanku prikazano najprej s sistemsko analizo sistema PNEVMATIKA in nato z definicijo
odpovedi elementa in celotega sistema. Na koncu je za plai¢ kot kompleksni sistem analizirana Se
odpoved zaradi padca tlaka polnilnega zraka in obrabe.

Kljuéne besede: plaséi avtomobilski, analize sistemske, odpoved pladca, varnost aktivna

The pneumatic tyre is one of the most important parts of the car as far as the active car safety
is concerned. According to the failure analysis, its apparent structural wuniformity appears mislead-
ing. It is not only that the tyre cannnot be defined as an entity, even more, it has to be dealt with as a
complex system. All this is considered in this paper by means of the system analysis of the system TYRE
as well as by the definition of the failure of both an entity and of a complex system. Failures due to
the decrease of air pressure and tread wear are also analysed for the tyre as a complex system.

Key words: pneumnatic tyre, system analysis, pneumatic tyre failure, active safety

1 SISTEMSKA ANALIZA 1 SYSTEM ANALYSIS

Avtomobilski plas¢ je kompleksen tehni¢ni The pneumatic tyre is a complex technical sys-
sistem, saj so razmerja med njegovimi elementi  tem since the relations among its elements are com-
zapletena in elementov z vidika funkcionalnosti ne  plicated and the elements cannot be precisely defined
moremo natanéno definirati [1]. Pri sistemski analizi  from the functional point of view [1]. In the system
odpovedi to niti ni potrebno, saj bomo uporabili vstopno-  analysis of failure this is not even required since the
izstopni model. V sistemu PNEVMATIKA opravi  input-output model is applied. In the system TYRE
preslikavo vstopa v izstop &asovno spremenljiviope-  the transformation of the input into output is performed
rator P(t). V sistem vstnpajo-&i vstop sta mnoZica V by the time variable operator P(t). The set V and the
ter mnoZici okolja O, _ in O, . Iz sistema izstopajodi  environment sets O and O, represent the input
izstop pa je mnozica I, kakor | je prikazanonasliki 1.  which is entering the system. The output leaving the

system is represented by the set I, as shown in figure 1.

O

AT ¢ A e
PNEVMATIK A TR

Dot DY RE i e s
5, P(t)

V(v v vs)

O (0, 0))

SI.1. Sistem PNEVMATIKA
Fig. 1. System TYRE
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Elementi vstopne mnoZice V pomenijo aktiv-
nosti voznika, ki so:

v, - pospeSevanje, v, - zaviranje,

v, - upravljanje koles.

Vstopni mnoZici O pomenita okolico. Pri tem
je O, konstantna, nespremenljiva okolica, v katero
za namen na%e obravnave uvrstimo lastnosti avto-
mobila. O_ je dinamiéno spremenljiva okolica, katere
podmnoZici sta:

0, - klimatske razmere, o, - prometne razmere.

Izhodna mnoZica 1 vsebuje $tiri podmnoZice
uporabnih lastnosti avtomobila:

I, - funkcionalnost I, - ekonomiénost

I, - udobnost I, - ckologijo.

Vstope (VHOD) in izstope (IZHOD) lahko s
kartezi¢nim produktom zdruZimo v mnoZico M [2]:

B. Markun

The elements of the input set V represent the
driver’s activities, such as:

v, - acceleration, v, - braking ,

v, - wheels steering.

Input sets O represent the environment where
O, represents the constant, unchangeable surround-
ings, which, for the purpose of our research, includes
the characteristics of a vehicle. O, is a dynami-
cally variable environment with two subsets:

o - climatic conditions, o, - traffic conditions.

T’he output set I contains four subsets concern-
ing the usage of a vehicle:

1, - functional characteristics L - economy

1, - comfort Is - ecology,

Inputs (VHOD) and outputs (IZHOD) can be
combined into the set M by means of a Cartesian
product [2]:

M = (VHOD) % (IZHOD) = (V x O__ x 0, ) x (I) (1).

Vendar je oitno, da vsi elementi karteziGnega
produkta fizikalno niso dovoljeni. Kot primer si
zamislimo karteziéni produkt, ki ne zagotavlja varne
voinje:

[(VHOD) = (IZHOD)] , = (veliko goriva x zavoj x
poledenelo voziste x velika hitrost).

Zaradi tega je z naelom selektivnosti Ze
konstrukter avtomobila naredil podmnoZico
karteziénega produkta:

Kc(Vx0,,

Elementi kartezi¢nega produkta doloéajo
namenskost vozila. Tako imamo razlié¢ne podmnoZice
zarazliéna vozila: npr.: tovorna, poltovorna ali osebna
vozila, vozila za voZnjo po cesti ali na neutrjenem
terenu, 3portni avtomobili ali limuzine in podobno.

Zaradi spreminjanja lastnosti sistema PNEV-
MATIKA definiramo podmnoZico:

However, it is obvious that not all the elements
of the Cartesian product are physically allowed. As
an example, let us consider a Cartesian product that
does not ensure safe driving:

[(VHOD) = (1ZHOD)], = (A lotof fuel * bend x
icy roadway * high speed ).

Because of this, the designer of the car has
already formed a subset of the Cartesian product by
means of the principle of selectivity:

x0.) = () 2).

The elements of the Cartesian product deter-
mine the purpose of the vehicle. That is why there
are different subsets for different types of vehicles
such as trucks, vans, cars, vehicles for on - the - road
or off - the - road driving, sports cars or limousines
and the like.

The subset S(t) is defined due to the changing
characteristics of the system TYRE:

S()(Vx0,, x0,)x (1) ).

V Ctasu t=0 je podmnoZica S(t) enaka pod-
mnoZici K. V nai obravnavi bomo izhajali iz
spreminjanja sistema PNEVMATIKA, preostale
elemente karteziénega produkta pa bomo obravnavali
kot ¢asovne konstantne.

2 DEFINICIJA ODPOVEDI

Odpoved elementa je definirana kot "pre-
nehanje zmoZnosti enote, da opravlja zahtevano
funkcijo” [3]. Za posamezno lastnost plas&a lahko
odpoved definiramo kot prenchanje zmoZnosti
plaita, da za dane vstape (aktivnosti voznika) in
dano okolico (lastnosti avtomobila, klimatske in

At time 1=0, the subset 5(t) is identical to the
subset K. Our discussion will be based on changes
of the system TYRE, while the remaining elements
of the Cartesian product will be dealt with as time
constants,

2 FAILURE DEFINITION

The failure of the element is defined as "the
termination of the capability of an entity to perform a
required function" [3]. For each individual character-
istic of a tyre the failure can be defined as the termi-
nation of the capability of a tyre to ensure the
required outputs (behaviour of the car) for the
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prometne razmere) zagolovi zahtevane izstope
(obnafanje vozila). Nastanek odpovedi prikazuje
slika 2.

funkcija y, Wi
function = Zgomja meja
| upper limit

! spo:in-j-e; meja
lower limit

k¥

given inputs (the driver's activity) as well as for
the given environment (the car's characteristics,
climatic conditions, traffic conditions). The origin
of the failure is shown in figure 2 .

odpoved
failure ~._

S 0

N g
odpoved 0
failure ~
tas
time

5. 2. Nastanek odpovedi
Fig. 2. Origin of failure

Funkciji f (t) in f(t) pomenita poljubni lastnosti
plad¢ev. Prva funkeija po dolotenem &asu r doseZe
zgomjo mejo, druga pa spodnjo mejo. V obeh primerih
pride do odpovedi plasta kot elementa, saj obe meji
dolotata toleranéno obmodje funkeionalnosti plasta.
Ker pa sistem PNEVMATIKA ni element, temve&
kompleksen sistem, je doloitev odpovedi nekoliko bolj
zapletena. Pri kompleksnem sistemu nimamo veé le
ene funkcije, kakor je to praviloma pri elementu in
tudi preprostem sistemu. Zato njihovega stanja ne
moremo ved opisovati z zanesljivostjo, ki temelji na
Boolovi algebri. Stanje kompleksnih sistemov
opisujemo s teorijo razpoloZljivosti, ki temelji na
Markovovem modelu. Tu se kljub odpovedi ene
funkecije v nekaterih okolis¢inah 3¢ vedno lahko
odloéimo za uporabo sistema [4]. V tem primeru
imamo tako razli¢na stanja delovanja sistema, kakor
jih opisuje preglednica 1 [5].

3 ODPOVED PLASCA

S postavitvijo izhodiS¢ po opisani sistemski
analizi in definiciji odpovedi elementa in kompleksnega
sistema lahko analiziramo odpoved pla3€a. Pri tem
bomo izhajali od predpostavke, da nov plasé na vozilu
deluje popolno. Zanimale nas bodo le spremembe
njegovih lastnosti, ki privedejo do odpovedi, in jih
opisuje operator P(t). V analizi bomo izhajali iz
naslednjih predpostavk:

Fstop V bo prikazoval reakcije neizurjenega
voznika, to je voznika z osnovnim znanjem voZnje, ki
se v kritiénih situacijah odziva nagonsko. TakZnim
voznikom avtomobilske tovame tudi priredijo osnutek
aktivne varnosti vozila.

Functions f(t) and f(t) represent any tyre
characteristics. The first function attains the upper
limit in a certain time {, whereas the second one
reaches the lower limit. In both cases there is a tyre
failure as an entity, since both limits determine the
tolerance range of the functional characteristics of
the tyre. But, since the system TYRE is not an entity
but a complex system, the failure assessment is some-
what more complicated. In a complex system we do
not deal with one function only, as is the case with an
entity and a simple system. That is why complex sys-
tems cannot be described in terms of reliability based
on Boolean algebra; the theory of availability based
on Markov's model is applied. Namely, this model
still makes it possible to apply the system under cer-
tain conditions even though one function may fail [4].
In this case there are such different operating states
of the system as shown in Table 1 [5].

3 TYRE FAILURE

The tyre failure can be analysed by determin-
ing the starting points based on the system analysis
as well as on the definition of the failure of both the
entity and a complex system. Our starting point will
be the supposition that a new tyre functions IJC]'fEth}’
on the vehicle. We will be interested only in the
changes of the characteristics of the tyre which lead
to its failure and which are denoted by the operator
P(t). Our analysis will be based on the following hy-
potheses:

Input V will represent the reactions of an un-
trained driver, i.e. a driver with only a basic knowl-
edge of driving, who, when confronted with critical
situations, reacts instinctively. The car designer adapts
the concept of active car safety to such drivers.
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Preglednica 1: Vrste delovanja kompleksnega sistema
Table 1: Types of functioning of a complex system

DELOVANIJE OPOMBA PRIMER: PLASC
OPERATION COMMENT EXAMPLE: TYRE
popolno skladno z zahtevami skladno z zahtevami
perfect according to requirements according to requirements
moteno skladno z zahtevami, skladno z zahtevami z
zrezervnimi elementi rezervnim plaséem
disturbed according to requirements, according to requirements,
with spare elements with a spare tyre
okmjeno brez nekaterih funkcij poletni pla3€ pozimi
limited without certain functions summer tyre in the winter
zasilno le z glavnimi funkcijami obrabljeni plasé
provisional with main functions only worn out tyre
zastoj ustavitev brez nevarnosti podasni izpust zraka
zaokolico
stop stop without any danger slow air outlet
for the surroundings
kritiéno ustavitev z nevamostjo hitri izpust zraka
za okolico
critical stop dangerous fast air outlet
for the surroundings

Okolico O prikazujeta konstantna okolica O
in dinami¢no spremenljiva okolica O,V konstantno
okolico O, _ bomo pri obravnavi pladéa uvrstili celoten
avtomobil, za katerega bomo predpostavili, da je
opremljen v skladu z zahtevami izdelovalca in
ima zato vse lastnosti v toleranénem obmoéju.

1 Environment ) is rcprcsf.:ntcd by the constant
environment O,__ and the dynamically changeable en-
vironment O, . The car as a whole will be included
in the constant environment O___ and it will be
assumed that it is equipped according the ma-
nufacturer’s requirements and hence its cha-
racteristics are within the tolerance range.
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Zanemarili bomo njihovo asovno spreminjanje, izjema
so seveda plasti. V dinamiéno okolico O, pa sta
uvriceni podmnoZici klimatske in prometne razmere.
Pri klimatskih razmerah bomo upostevali elemente
suhega, mokrega in z visoko vodo prekritega vozista.
Razmer, ki nastanejo pri terenski voznji ali voZnji po
snegu in ledu, ne bomo upo3tevali. Pri podmnoZici
prometne razmere pa bomo upostevali hitrejio in
podasnejfo voZnjo. Natanéne razmejitve med elementi
ne bomo naredili, saj bi to zahtevalo posebno analizo,
poleg tega pa menimo, da za namen tega prispevka
to ni potrebno.

Izstop I pomeni vel podmnoZic, od katerih
bomo upodtevali le podmnoZico funkcionalnih lastnosti
1, in pri njej naslednje elemente:

i, - prenadanje navpicnih sil F,

i,- prenaanje vzdolZnih sil F,,

i, - prenadanje bo¢nih sil F_.

Za vse tri elemente bomo postavili pogoj, da
lastnost, ki jo ima posamezen element, ne sme izstopiti
iz toleranénega podroéja, ki Se zagotavlja aktivno
varnost. Za novo vozilo je to podrogje implicitno dolo€il
izdelovalec vozila, pri starem vozilu pa bomo upodtevali
le vpliv plai&ev.

Vstopne in izstopne veli¢ine bo povezoval ope-
rator P(1), ki upo&teva éasovno spreminjanje pladtev:
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Their changes which occur over a period of time will
be neglected, the only exception being the tyres. Fur-
thermore, the subsets of climatic and traffic condi-
tions will be included in the d ic environment O .
As for climatic conditions, the elements of dry and
wet roadways as well as those covered with a thick
layer of water, will be taken into account. Conditions
typical for off the road driving or driving on snow and
ice will not be considered. Faster and slower driving
will be taken into account in the subset of traffic con-
ditions. No precise demarcation between the elements
will be carried out, since in this case a special analy-
sis would be required which, in our opinion, is not
relevant for the purpose of this paper.

Charpur 1 is represented by several subsets, but
only the subset of functional characteristics I, and its
following three elements will be taken into account:

i, - transfer of vertical forces F,

i. - transfer of longitudinal forces e

- transfer of lateral forcesF,.

Ft-:rr all three elements we make it a condition
that the characteristic represented by an individual
element must be within the tolerance range which
slill ensures active car safety. For a new vehicle this
tolerance is implicitly determined by the manufac-
turer, whereas for an old one only the influence of
tyres will be considered.

Input and output quantities will be connected
by an operator P(t) that takes into account the chang-
ing of tyres over a period of time:

[=P(t).V (4).

Najpomembnej&i Easovni spremembi plaifev
sta spreminjanje tlaka polnilnega zraka in
zmanjSevanje globine kanalov. Zanju bomo naredili
kakovostno analizo, v kateri bomo povezali razli¢ne
elemente klimatskih in prometnih razmer s pogojem,
dabo izhod zagotavljal aktivno vamost za neizurjenega
voznika.

3.1 Spreminjanje tlaka polnilnega zraka

Polnilni zrak z ustreznim tlakom neposredno
sodeluje pri prenasanju navpiénih sil Fz z vozila na
cestisée. Posredno pa, z ojatevanjem lupine, Ki jo
predstavlja avtomobilski plad¢, omogoda prenaSanje
sil pospelevanja in zaviranja Fxter boénih sil Fy, ki
omogodajo voZnjo v krivinah. Ker pa guma, iz katere
Jeizdelan avtomobilski pla3&, ni absolutno tesna, pride
s ¢asom do zmanjSevanja tlaka polnilnega zraka. To
povzroéi razli€na stanja delovanja sistema, kar
prikazuje slika 3.

The most important changes in tyres which
occur over a period of time are changes of air pres-
sure and the depth of tread grooves. Therefore, a
qualitative analysis will be carried out in order to com-
bine different elements of climatic and traffic condi-
tions, with the condition that the output wnuld ensure
active safety for an untrained driver. !

3.1 Air pressure changes

Adequate air pressure directly affects the
transfer of vertical forces F, from the vehicle to the
roadway. Indirectly, by strengthening the shell, rep-
resented by the tyre, it enables the transfer of accel-
eration and braking forces F, as well as of lateral
forces F, which enable driving around bends. Be-
cause the rubber of which the tyre is made is not
absolutely tight, a decrease of air pressure occurs,
This causes different operating states of the system
as shown in figure 3.
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Sl. 3: Zmanjfevanje tlaka zraka v pnevmatiki
Fig.3: Decrease of air pressure in tyre

Stanje I.: Delovanje sistema je popolno.
Stanje I1.: Delovanje sistema je moteno, voZnja v
ovinkih terja veljo pozormnost.

Stanje I11.: Delovanje sistema je okmjeno; voZnja v
ovinkih terja zmanj3ano hitrost.

Stanje IV.: Delovanje sistema je zasilno; voZnja je
mogoéa le ob zmanj3ani hitrosti.

Stanje V.: Delovanje sistema zahteva zastoj; vozilo
moramo ustaviti.

Stanje VI.: Delovanje sistema je kriti®no; nadaljnja
voiZnja postane nevarna.

Za opisana stanja je odpoved pnevmatike
postopna in delna, v zadnjem stanju pa popolna . V
primeru nasilne porufitve strukture avtomobilskega
plaita, ko pride do trenutnega padca tlaka zraka, pa
Jje odpoved nenadna in popolna, zaradi tega pa tudi
katastrofalna.

3.2 Zmanjievanje globine kanalov

Globina kanalov ima pomembno vlogo pri
prenadanju vzdolZnih (Fx) in bo&nih (Fy) sil z
avtomobila na voziste, na katerem je voda. Glede na
koli¢ino vode razlikujemo dve vrsti vozisé [6]. Ko voda
vozid&e le omodi in ne presega vidine 2 mm, govorimo
o mokrem vozi3éu. Ce pa je na vozidéu vet ko 2 mm
vode in glede na vozne razmere obstaja nevamost
splavanja, govorimo o vodi na cesti. Delovanje plaséev
in s tem razliéna stanja delovanja sistema PNEV-

MATIKA prikazuje slika 4.

globina kanalov 4
tread groves depth |
(mm) -

2}
suho / dry 1

maokro [ wet
voda / water

vy

State I: The operation of the system is perfect.
State 1I: The operation of the system is disturbed;
driving around bends requires more attention.

State 111: The operation of the system is limited: driv-
ing around bends requires lower speed.

State IV : The operation of the system is provisional;
driving is possible only at reduced speed.

State V: The operation of the system requires stop-
ping; driving has to be stopped.

State VI: The operation of the system is critical; any
further driving becomes dangerous.

The tyre failure is gradual and partial for the
above-mentioned states, except for the last one where,
it is complete. In the case of violent braking of the
tyre structure - and thus an instantancous decrease

of air pressure - the failure is sudden and complete,
and therefore catastrophic.

3.2 Tread wear

. Tread pattern has an important role in trans-
ferring longitudinal (Fx) and lateral forces (Fy) from
the car to the roadway covered in water. We distin-
guish two different types of roadways as to the thick-
ness of water layer on the roadwa lhﬁ]. When wa-
ter only moistens the roadway and the thickness of
its layer does not exceed 2 mm, we can speak about
a wet roadway. If there is more than 2 mm of sur-
face water and a danger of aquaplaning, we can speak
of water on the road. Figure 4 shows the functioning
of lErEs, and, accordingly, the different states of the
TYRE system.

cas

time

L RURTRTT R
[TV v
Lo jm-v] Vi

Sl. 3. Zmanjievanje zraka v plaséu
Fig. 3. Decrease of air pressure in tyre
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Stanje I.: Delovanje sistema je popolno, na suhem
vozistu do popolne obrabe pla&a, saj kanali ne vpli-
vajo na oprijem. Na mokrem vozis¢u je delovanje
plaiéev nemoteno le do okeli 4 mm in na vodi do
okoli 5 mm globine kanalov.

Stanje I1.: Delovanje sistema je moteno in zahteva
dodatno pozornost voznika.

Stanje 111. do V.: Delovanje sistema postane okrnjeno
oz. zahteva celo zastoj. Na mokrem voziitu se to
pri¢ne pri okoli 3 mm in na vodi Ze pri 4 mm globine
kanalov. Voznik mora mo&no povedati pozornost,
zmanjéati hitrost in se izogibati vsakim sunkovitim
reakcijam.

Stanje VI.: Delovanje sistema postane kriti¢no. Na
mokrem vozis&u je to pri globini kanalov pod 1,6 mm
in na vodi pod 2 mm. VoZnja s taksnimi plai¢i postane
névarna.

4 SKLEP

Povsem razumljivo je, da so za razliéne lastnosti
pladéa definirana razli¢na toleranéna obmodja. Te-
Zava pa se pojavi pri definiranju velikosti posameznega
podrodja. Na to teZzavo kaZe Ze definicija odpovedi
plaséa, kjer je odpoved odvisna tudi od klimatskih
razmer. To prakiiéno pomeni, da bo plast s premajhno
globino kanalov v stanju delovanja na suhem voziséu
in v stanju odpovedi na mokrem voziiéu. Vso to
zapletenost danes redujejo trije subjekti: izdelovalec
vozila, zakonodaja in uporabnik vozila.

Izdelovalec vozila ima Ze pri samem razvoju
doloten sistem toleranénih obmotij za posamezne
lastnosti. Prakti&no to pomeni, da vozila ne sprosti za
izdelavo, dokler ne ugotovi, da so vse njegove lastnosti
v skladu z njegovimi lastnimi zahtevami in tudi z
zahtevami tehniéne zakonodaje drzav, kamor
namerava vozilo prodajati. Tako lahko predpostavimo,
da je delovanje novega vozila popolne in v celoti v
skladu z zahtevami izdelovalca in zakonodaje. Razli¢ne
kakovosti vozil ne zanikajo te predpostavke, pomenijo
le, da imajo razli¢ni izdelovalci pa¢ razli¢na toleranéna
obmoéja v skladu z namenom uporabe vozila, svojimi
razvojnimi in izdelovalnimi moZnostmi in ugledom
znamke vozila, ki ga Zelijo na trZid¢u. Praktiéno so
toleranéna obmodja izdelovalca vozila definirana v
posredni obliki v homologacijski dokumentaciji vozila.
V njej so dolodeni vsi elementi, ki so potrebni za
delovanje vozila. Povzetek teh elementov vsebuje
Izjava o ustreznosti vozila, ki jo mora imeti vsako novo
vozilo.Odpoved, ki je posledica nespo3tovanja
tehniénih zahtev izdelovalca vozila, izraZenih v
homologacijskem dokumentu, ugotovijo pregledniki na
tehniénem pregledu vozila. Taksno odpoved zato lahko
imenujemo homologacijska odpoved.

State I: The functioning of the system is perfect on
dry roadways up to the point when the tyre is com-
pletely worn out, which is due to the fact that tread
grooves do not influence the grip. On wet roadways
the functioning of tyres is not disturbed only when
the ves are about 4 mm depth, whereas on wa-
ter it holds true for the depth of grooves equal to
about 5 mm. Medl

State I1 : The functioning of the system is disturbed
and requires additional attention on the part of the
driver.

State III to V : The functioning of the system be-
comes limited or it requires stopping. On wet
roadways this process begins when the grooves are
at about 3 mm depth, and on water at 4 mm depth.
The driver has to pay full attention, reduce speed and
avoid sudden and abrupt reactions.

State VI : The functioning of the system becomes
critical. On wet roadways it occurs when the grooves
are at a depth of 1.6 mm, on water when they are at
the depth of less than 2 mm. Driving with such tyres
becomes dangerous.

4 CONCLUSION

It is quite understandable that for different tyre
characteristics different tolerances are defined. How-
ever, it is difficult to define each tolerance range, as
is evident from the definition of the tyre failure which
states that the failure depends on climatic conditions.
as well. This practically means that a tyre with on
inade%uate tread pattern (grooves are not deep
enough) can function on dry roadways but fails on
wet roadways. Nowadays, there are three main fac-
tors which are involved in solving this complicated
situation: the manufacturer of the vehicle, legislation
and the user of the vehicle.

When designing a vehicle, the manufacturer
takes into consideration a certain system of tolerance
ranges. That means that the vehicle is not released
for manufacture unless it cum‘plics‘with the manu-
facturer’s own technical specifications and the re-
quirements regarding technical regulations of the
countries to which it 1s to be exported. It can thus be
assumed that a new car functions perfectly and that
it is completely in accordance with the requirements
of both tﬁe manufacturer and the legislation.This as-
sumption cannot be negated even by the fact that
cars differ in their qunli;’y. Namely, different manu-
facturers determine different tolerance ranges for
various reasons, one being the purpose of the car,
the other their own pocssihiﬁties in the field of car de-
velopment and manufacturing, and finally also the
reputation they would like to acquire for certain car
brands on the market. Tolerance ranges are indirectly
defined by the manufacturer in the homological docu-
mentation of the vehicle which determines all the el-
ements required for the intended functioning of the
vehicle. A condensed list of these elements is included
in the Safety Compliance Certification which has to
be attached to each car. Any failure which is due to
the neglect of the manufacturer’s technical specifi-
cationragiven in the homological document is deter-
mined during a periodic overhaul of the vehicle, Such
failure can tﬁus be called a homological failure.
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Zakonodaja sprejme kot izhodiile
predpostavko, da je delovanje novega vozila popolno.
Zato prepoveduje spremembe, ki bi povzroéile
drugaéno vozilo, kakor ga je odobril njegov
izdelovalec. Predpisuje pa tudi, kak3ne so lahko
spremembe uinkovitosti zavor, sestave izpuinih
plinov, obrabljenosti elementov obes in stanja plastev.

. To vrsto odpovedi ugotovi preglednik na tehniénem
pregledu z upodtevanjem predpisov, zato jo lahko
imenujemo normativna odpoved.

Uporabnik vozila se odlota o zamenjavi
pladfev glede na lastno znanje in odgovornost, to
pomeni, da sam dolo€a toleranéno obmodije in trenutek
odpovedi. Poleg globine kanalov, ki je tudi zakonsko
predpisana in jo mora upoStevati, ocenjuje tudi sploino
stanje plaséev, $e zlasti poskodbe. Ce njegove ocene
niso ustrezne, lahko pride do dejanske odpovedi plaséa,
na primer nenaden izpust zraka. V obeh primerih, ko
uporabnik to oceni ali ko pride do dejanske odpovedi,
mora pla3¢ na vozilu zamenjati, zato to vrsto odpovedi
imenujemo dejansko odpoved.

Dandanes doloéamo, kakorkoli Ze, le lastnosti,
ki vplivajo na aktivno varnost vozila. Pa $e pri tem je
zanemarjen vpliv tlaka polnilnega zraka, ki nima na
aktivno vamost vozila ni¢ manjsega vpliva kakor na
primer globina kanalov. Povsem pa so neupoStevane
ekolodke lastnosti in ekonomiénost pladtev, Tako kakor
sta ekonomicnost in ekologija e mo¢no posegli v
razvoj motorja, lahko pri¢akujemo, da bosta v bliZnji
prihodnosti posegli tudi v razvoj pladtev.

B. Markun

The legislation assumes that the functioning
of a new car is perfect. Therefore, it flrchihits any
modifications that would bring about vehicle changes
which are not in accordance with the manufactur-
er’s homological documents. At the same time the
legislation prescribes any permissible changing of
braking efficiency, the composition of exhaust gases,
suspension wear and tyre conditions. This type of
failure is determined during period overhauls, which
have to be carried out according to the regulations,
and it 15 therefore called a standardised failure.

The user of the vehicle decides whether to
replace tyres or not according to his/her knowledge
and sense of responsibility, i.e. he/she determines the
tolerance range as well as the instance of fail-
ure. He/she has to take into account not only the
depth of tread grooves, which are legally sanctioned
and thus have to be taken into consideration, but also
the general state of the tyre, especially damages. If
his/her assessments are not adequate, a tyre failure,
such as a sudden outlet of air, can take place. In
both instances, i.e. in case of the user's assessment
or an actual failure, the tyre has to be replaced. That
is why such failure is called an actual failure.

Mowadays, only those characteristics which
influence the active safety of the vehicle are deter-
mined in different ways. The influence of air pres-
sure is neglected although it affects the active safety
no less than, for example, the tread pattern. It can be
expected that, in the near future, the economical and
ecological factors will play an active role in the de-
velopment of tyres, just as much as they already have
in the development of car engines.

SLITERATURA
SREFERENCES

(1] Kljaji¢, M.: Teorija sistemov. Modema organizacija, Kranj, 1994,
(2] Fl:ija:elj, N.: MatematiCne strukture I. KnjiZnica Sigma, Ljubljana, 1988.
(3]  Villemeur, A.: Realiability, Availability, Maintainability and Safety Assesment. John Wiley & Sons, Chichester,

Mew York, Brisbane, Toronto, Singapore, 1992,

[4]  Virant, J.: Zanesljivost. Fakulteta za elektrotehniko, Ljubljana, 1973.
[5] Lmk., R., L.Schmitt: Kenngriissen fiir die Zuverlissigkeit. Qualitit und Zuverldssigkeit, 41 (1996) 8, str. 927-931.
(6]  Reimpell, J., P. Sponagel: Fahrwerktechnik: Reifen und Rider. Vogel Buchverlag, Wiirzburg, 1986.

Avtorjev naslov: mag. Branko Markun, dipl. inZ.
SAVA d.d.
Tovama pnevmatike
Skofjeloska cesta 6
4000 Kranj

Prejeto:  17.4.1997
Received:

Author's Address: Mag. Branko Markun, Dipl. Ing.

SAVA Lid.

Tyre Factory
Skofjeloska cesta 6
4000 Kranj, Slovenia

Sprejeto: 298 1997
Accepted:



