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Pri zagotavijanju vzdriljivosti motorjev je kriticna trajnost pogonskih jermenov. Zato je razumevanje
mehanizmov, ki na trajnost fermenov vplivajo, velikega pomena. § tem prispevkom nadaljufemo raziskavo
o dasoviio odvisnem obnadaniu dinamicno obremenjenih elastomernih izdelkov. V ta namen je bil razvit
teoreticni model, ki omogoeda analizo nabiranja napetostno-deformacijskega stanja [1]. Razvof modela
temelii na konstitutiviem modeliranju prenosnih jermenov, ki so izpostavijeni zobati periodiéni obremenitvi
med obratovanjem motorfa. V vsakem obremenitvenem ciklu fe elastomerni material izpostavijen kombinacifi
pojavov lezenja in kasnitve. V dolodenih razmerah, ki jih definirata geometrijska oblika jermena in kotna
hitrost obratovanja jermenic, pofav kasnitve med dvema zaporednima cikloma ni koncan. Tako material
vstopi v naslednfo obremenitveno fazo s preostalo deformacijo. Posledidno se deformacijsko stanfe pricne
nabirati, kar vodi do utrjevanfa materiala, nastajanfa razpok in kondno lahko tudi do odpoved jfermena.

Dosedanji izsledki raziskave so pokazali, da obstajajo kritiéne razmere obremenjevanfa, pri katerih
se pojavi postopek nabiranja deformacije. Predvidevamo lahko, da bo izdelek med obremenfevanfem v
kriticnih razmerah (oz. v bliZini) skoraj zagotove odpovedal! Kriticne razmere obremenjevanja so odvisne
od zakasnilnega casa materiala (opredeljuje ga lokacija spekira), mediem ko fe velikost nabrane deformacije
odvisna od jakosti (intenzivnosti) pripadajoée spekiralne diskreme linije. Iz tega lahko sklepamo, da je
mehanski spekter polimernega materiala, iz katerega fe izdelek narejen, odlodilnag marterialna funkeifa za
napoved trajnosti dinamifno obremenfenih elastomernif izdelkov.

V tem prispeviu analiziramo vpliv lokacije enajne spekiralne linije na kriticne obratovalne razmere.
Rezuleati analize kaZejo, da dalisi odzivni fasi materiala pomenijo niZje kriticne obratovalne kotne hitrosu.
i 2007 Strojnifki vesinik. Vse pravice pridriane.

{Kljuéne besede: €asovno odvisno modeliranje, prenosni jermeni, viskoelastitne analize, mehanski
spekiri)

A drive belt's durability is a critical factor for the sustainable operation of engines. Thus,
understanding the mechanisms thar affect their durability is extremely imporiant, In this paper we presem
the continuation of our research on the time-dependent behavior of dyvnamically loaded elastomeric products.
For this purpose the constitutve model has been developed, which made possible the analyses of the stress-
strain state [1]. The development of the costitutive model is based on the modelling of the transmission
belts when exposed to tooth-like periodic mechanical loading during the operation of the engine. Within
each loading eycle the elastomeric malerial undergoes a combination of creep and the retardation process.
Under certain conditions, defined by the drive belt'’s geometry and the pulleys” angular velocity, the retardation
process between two loadings cannot be fully completed to a strain-free state. Consequently, the strain
state starts to accumulate, which leads to hardening of the material, crack formation, and ultimately to the

Jaifure of the belt,

The results have shown that there exists some critical loading conditions for the strain-accumulation
process to occur: We can predict that the product will almost certainly fail if it operates under critical
conditions, which depend on the retardation time (location of the spectrum). The magnitude of the
accumulated strain is dictated by the intensity of the spectrum line. Thus, the mechanical spectrum of the
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polymeric material, from which the product is made, is the most important material function for predicting

the durability of the polymeric product.

In this paper we analyze the effect of the location of a single spectrum line on the critical operating
conditions. We found that longer response times for a material mean lower critical operating angular

velocities.

€ 2007 Journal of Mechanical Engineering. All rights reserved.
{Keywords: time-dependent constitutive modeling, transmission belts, viscoelastic analysis, mechanical

spectrumy)

1 OBREMENITVENI POGOJ POGONSKEGA
JERMEMNA

Tip obremenitve pogonskega jermena je bil
dololen s trinim MKE paketom ANSYS, pri femer
smo privzeli elastiéno obnafanje vseh komponent
Jermena. Jermen je bil prednapet s sile F in
obremenjen z Zelenim momentom M, tako da je bila
sila prednapetja razdeljena na silo F, v natezni veji
Jjermena in silo F, v razbremenitveni veji jermena,
kakor je shematiéno prikazano na sliki 1. Na sliki
je hkrati ozna¢ena tudi medosna razdalja med
Jermenicama [, polmer jermenic R, ter fasa f, in ¢,
ki oznafujeta zadetek in konec stika jermena z
jermenico.

Gibanje, ko se izbrana tofka na jermenu pri
vrtenju pogonske in gnane jermenice vme v zaletno
lego, imenujemo zakljuten obremenitveni cikel
jermena. Za viskoelastiéno analizo smo izbrali
todko pod zobom jermena, v kateri ima ¢asovni
potek strizne napetosti znotra) vsakega
obremenitvenega cikla obliko sunka. Izbrana
lokacija je prikazana na sliki 2a in oznadena z A,
medtem ko slika 2b prikazuje pripadajoéi ¢asovno
odvisni razvo] strifne napetosti.

V prvem priblizku lahko potek striZne
napetosti modeliramo z razliko dveh koraénih

I THE LOADING CONDITIONS OF A DRIVE
BELT

The loading conditions of a synchronous belt
were determined with the commercial FEM program
ANEY'S, assuming the elastic behaviour ofall the belt
components. The belt was pre-stressed with a force F
and loaded with the desired torque M, so that the pre-
stressing force was appropriately divided into the
strand on the tension side, F,, and on the slack side,
F., as schematically shown in Fig. 1. The figure also
indicates the distance between two pulleys, I, their
radius, R, and the times, ¢, and ¢,, which indicate when
the belt enters and leaves the driving pulley.

The driving pulley and the driven pulley were
then rotated in such way that a selected point on the
belt would return to the initial position. The described
movement we designated as a complete loading cycle
of the belt. For the present viscoelastic analysis we
selected the location on the belt tooth where the shear
stress state within each loading cycle has the form
of an impulse function. The selected location is
shown in Fig. 2a and is indicated as A, while Fig. 2b
shows the corresponding calculated time-dependent
evolution of the stress stale,

In the first approximation the shear stress
can be modelled as the difference between twa step

SL 1. Shematicen prikaz obremenitve in geometrijske oblike jermena
Fig. 1. Schematics of the belt 5 loading conditions and its geometry
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Sl. 2. Casovno odvisni razvef strizne napetosti v tocki A v zakljucenem obremenitvenem cikiu
Fig. 2. The time-evolution of the shear stresses at point A within a complete loading cycle

funkcij z jakostjo striga T, kakor je prikazano na
sliki 2b. Torej:

functions with the shear intensity, 7, as shown in
Fig. 2b. Hence:

() =T(0)h(1) +-r,i{h [t—t, = (n-1]-h[r—t,—(n-DE]} (1),

n=]

za t<NE. Casa t, t, in trajanje enega
obremenitvenega cikla £, lahko izrazimo kot
funkcije geometrijske oblike jermena in kotne
hitrosti obratovanja jermenic w. Ce / oznaluje
medosno razdaljo med jermenicama, £ je polmer
jermenic, N pa Stevilo obremenitvenih ciklov, ki
Jim je bil jermen izpostavljen, tedaj lahko pifemo:
t, = (l+rR)(wR), t, = (I +2nR)(@wR), E= (21 +2xR)
{wR). Model za popis strifne napetosti lahko
zapifemo v naslednji obliki:

T(r) =tl¢}hu}+rui{h[:— (2n=1)

za r< NE.

2 ANALIZA NABIRAMNIA
DEFORMACUSKEGA STANIA

Casovno odvisni deformacijski odziv gume
lako popisemo z naslednjim izrazom [2]:

1O =20 () + [Fa-5)
[}

kjer je T(0) striZna napetost, izraZena z en.(2) pri
f= 0, J{#) pa strizna voljnost materiala, ki jo lahko
popisemo z diskretnim zakasnilnim spektrom
{L.A;i=12,..K} kot:

for ¢ < N§ . We can express the times £, 1, and the
duration of one leading cycle, £, as functions of
the belt geometry and the angular velocity of the
belt drive, . If ! is the distance between the axes
of the pulleys, R is the radius of the pulleys, and N
is the number of loading cycles that the belt has
been exposed to, we obtain the following
expressions, 1, = (I +mR)/(@R), 1, = (I +2RR)(@R),
€= (2] +2nR)/ (k). Hence, the shear-stress model
can be rewritten in the form:

J'+1di'_ _2n{l+ﬂ}—£
2h-zt) o

Rk
for t= NE.

2 ANALYSIS OF THE STRAIN
ACCUMULATION

We express the time-dependent strain
response of a rubber material as [2]:

dr(s)
ds

where T(0) is the shear stress, expressed with Eq.(2)
at ¢ =10, and K1) is the shear creep compliance, which
we may written in terms of a discrete retardation
spectrum {L, A;i=1.2,..K} as:

ds (3,

J(r}=.!‘+i£ﬁ[l-e_x] (4).
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Jt je strizna voljnost materiala v steklastem stanju,
A pa oxnatuje retardacijske fase, kjer so locirane
ustrezne spektralne Erte L, = L(A), K oznatuje
Stevilo spektralnih &rt, s katerimi modeliramo A1),

Ce izraz en.(2) za stri’no napetost in izraz
za strizno voljnost en.(4) vstavimo v en.(3),
dobimo:

J, stays for glassy compliance, when 4 denotes the
retardation times, where the corresponding
spectrum lines L = L(A) are located. K stays for a
number of spectrum lines for modelling J(1).

Introducing Eq.(2) for the shear stress and
Eq.(4) for the shear creep compliance into Eq.(3),
we obtain:

N OE 5 r_|:-1_h-x.l:|-—-! _a_“:h_”h-zl
Pt SNEY=T(OW(O)+7, 3. S L|e® = —gi =ik (3).
wull jml
En.(5) popisuje asovno odvisni razvoj Eq.(5) describes the ime-dependent evolution

(postopek zbiranja) deformacije v materialu kot
funkcijo kotne hitrosti @, geometrijskih
parametrov { in R ter Stevila obrememitvemh ciklov
N. ki jim je jermen izpostavljen. Nabrano
deformacijo lahko izrazimo kot:

{accumulation process) of the sirain in a material as a
function of the angular velocity @, the geometry
parameters [ and &, and the number of loading cycles,
N, to which the belt is exposed. Let the accumulated
strain in N cycles be expressed as I (1), so:

vt € NEY=T(0)J(6)+T () (6,
kjer je: where:
[ i datieakied ! aim-nylteR
it i i,

ry(n= ruii L le *

wal jul

En.(5) uporabimo za vrednotenje vpliva
posameznega parametra na obnasanje jermenov v
daljiem Zasovnem obdobju (trajnost).

2.1 Deformacijsko stanje po dolofenem Ztevilu
zakljufenih obremenitvenih ciklov

Recimo, da nas zanima zbrano
deformacijsko stanje po N zakljutenih ciklih, t. j.
pri Casu r=1,;

I+nR
R fil}

t,=NE=2N

kjer je io={/R. V tem primeru izraz en.(6) zavzame
obliko:

ol -

We can use Eq.(5) to analyze how each of
the listed parameters affects the long term behaviour
{durability) of the belt.

2.1 The strain state during completed cycles

Let us assume that we are interested in the
accumulated strain at the end of N completed cycles,
Le,ati=1;

K+n

=2N (M,

where k= [/R. In this case Eq.(6) takes the following
form:

K+T

YN)=H(O QN =—2) 4T (N) (8).

Izraz za zbrano deformacijo po N We can write I" (N} as a recursive formula:
zakljutenih ciklih I (N) lahko zapiSemo v obliki:

I (M) =T, (n=1)+Al (n),n=123,..N ().

pri éemer I, (N) lahko v skriem obliki izrazimo s
konino vsoto prirastkov zbrane deformacije v
posameznem obremenitvenem ciklu:

Iy (N)= idn{ﬁ}

where I' (N) can be written as the sum of the
accumulated strain in each consecutive cycle in the
form:

(10),
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kjer je AI' (n) oblike:

where Al (n) is of the form:

e.!"_(n,'l=rt.i£., exp[— W""FHZ”_”-”}II —Exp[—i ]]

Iz zadnjega je razvidno, da je tudi prirastck
zbrane deformacije AT (n; n = 1,2,3, ...,N) za
posamezen cikel odvisen od geometrijske oblike
jermena k= [/R, kome hitrosti jermenic @, $tevila
obremenitvenih ciklov ¥ in zakasnilnega spektra
materiala {L, A; £ = 1,2,..,K}.

Lokacijo kritiéne kotne hitrosti obratovanja
@, pri kateri je zbiranje deformacije AT (n;
n = 1,2,3, ..N) najintenzivoeje, matematiéno
dolotime z naslednjo enatbo;

o,

We can also see that the strain accumulated
in each consecutive cyele, M'"[n; a=123 ..M
depends on the geometry of the belt, k= IR, the
angular velocity of the pulleys, & the number of
completed eyeles, N, and the retardation spectrum
of the material, {L, 4; t = 1,2,....K}.

The location of the critical angular velocity,
W.,. of the belt-drive, at which AL (»:
n=1,23,....N) has an extremum, can be determined
from:

%{ﬁr,{n}}ﬂr =0 (11).

Z upodtevanjem dejstva, da je AT (n) funkcija
geometrijskih parametrov jermena, Ztevila
obremenitvenih ciklov in Casovno odvisnih
materialnih lastnosti, podobno velja di za kritiéno
kotno hitrost @, Na podlagi teoretitnega ozadja,
predstavljenega v [1], smo v sklopu nadaljnjih
raziskav sistematiéno analizirali vpliv geometrijske
oblike jermena, 3tevila obremenitvenih ciklov in
lokacije engjne spekiralne linije na lokacijo kritiéne
kotne hitrosti @, in postopek zbiranja deformacije.

2.2 Vpliv geometrijske oblike jermena

Za popis vpliva geometrijske oblike
jermena, ki jo izrazimo s razmerjem & = [/R,
analiziramo deformacijo, zbrano v prvem ciklu , n
= N = 1, pri &emer Casovno odvisno materialno
lastnost popifemo 2 najpreprostejSim spektrom, t.
j. z enojno spektralno linijo. ¥ tem primeru se izraz
za AT (n) poenostavi do oblike:

Taking into consideration that AT (x) is a
function of the drive belt’s geometrical parameters,
the number of consecutive cycles, and the material
time-dependent property, the same holds also for
the location of @ _,. Considering the theoretical
background in [1] we aimed our further research at
a systematic analysis of the effect of belt-drive
geometry, the number of loading cycles and the
single spectrum line location at the location of
@, and the strain-accumulation process.

2.2 The effect of the belt-drive geometry

To grasp the influence of the belt-drive
geometry, expressed by the ratio x = IR, we shall
analyze the strain accumulated during the first cycle,
n=N=1, and keep the spectrum as simple as
possible, i.e., assume that the time-dependency of
the material can be modelled with a single spectral
line. In this case the expression for AT (n) becomes:

AT (n=D=1,L, e-“_"{l-c-r‘l (12).

Zbrano deformacijsko stanje po prvem ciklu
obratovanja je kot funkcija kotne hitrosti, I'(@m N =
1) = AT (e, n = 1), prikazano na sliki 3. Rezultati
se nanaianjo na tri razli¢ne vrednosti parametra K
in retradacijski ¢as A, = 100 s [3].

Za izbrane vrednosti N = n = 1 (en
obremenitveni cikel) in K= | (enojna spektralna linija),
lahko lokacijo kritiéne kotne hitrosti @, (%) dologimo
analititno iz en.(11) v sklenjeni obliki:

B (K) =

The strain accumulated during the first cycle
as a function of frequency, ey N=1)= ATl (@ n=
1), 1s shown in Fig. 3. The results are also displayed
for three different values of xand for 4, = 1005 [3].

When N=n=| (one loading cycle) and K =
1 (single spectral line), the location of the critical
angular velocity, @_,(x), can be determined as the
closed form solution of Eq.(11). In this case we

express @ (x) as:

PR
AnEE (13).

K

700 Zupandié B. - Nikonov A. - Florfandic U, - Emri I



Strojnidki vestnik - Journal of Mechanical Engineering 53(2007)10, 696-T05

04

F _o_l.-:_z
| =g =g

btk =30

0.2 _;_,_bj e f.l'=2]
 log wenlx=x) f

Aln (. n=1),1

;_h'i w ep (e=30

01 ¢

-3 -2

-1 1] 1

log @, 1is
Sl 3. ¥Vpliv geometrijske ablike jermena x = VR, na postopek zhiranja deformacije v prvem
obremenitvenem ciklu pri 1“ = 100 s
Fig. 3. The effect of belt-drive geometry,x = /R, on the strain accumulated during the first cycle,
for & =100 5

Krititna kotna hitrost @_(x) podaja
informacijo o pogojih obratovanja jermenic in
jermena, pri katerih je zbiranje deformacije
najvetje. Seveda pa se postopek zbiranja
deformacije odvija tudi pri obratovalnih kotnih
hitrostih, ki so vegje ali manj3e od kritiéne, @_(x).

Iz zgomje analize lahko povzamemo, da
mora biti rarmerje k= I/R &im vedje, seveda v mejah
uporabnosti jermena.

2.3 Vpliv Stevila obremenitvenih ciklov

Pri analizi vpliva Stevila obremenitvenih ciklov
e vedno ohranimo predpostavko o najpreprostejiem
modeliranju ¢asovno odvisne materialne lastnosti z
enojno spekiralno &rto, locirano pri odziviem fasu A
= 100 5. Izberemo vrednost geometrijskega parametra
K= f. V tem primeru se izraz za prirastck zbrane
deformacije poenostavi do oblike;
mlda=1}

AT ()=t Lie

Lokacijo kriti¢ne kotne hitrosti @ (n)
ponovno dolo¢imo iz en.(11), ki se v primeru enojne
spektralne ¢rte pri 4, = 100 s in k= m preoblikuje v:

Mi{;

dey dw

l—e-;’;l: r=123--.N

The critical angular velocity, @_(x), indicates the
operational conditions for the belt drive at which
the magnitude of the accumulated strain achieves
its maximum. Of course, strain accumulation also
occurs at angular velocities that are larger or smaller
than @ _(x).

From the analysis presented in this section
we can summarize that & = /R should be chosen to
be as large as the drive-belt application allows.

2.3 The effect of the number of completed cycles

To analyze the effect of the number of
loading cycles we shall again keep the material
time-dependence simple by using the same single
spectral line model as before, with 4, = 100 5. We
shall let ¥ = n. The expression for the strain
accumulation in each consecutive cycle then
becomes:

L3

(14).

The location of @, (n) can be obtained from
Eq.(11), which for a single spectral line 4 = 100 s
and k= & reads:

(13},

Casovno odvisno vedenje pogonskih jermenov - Time-Dependent Behaviour of Drive Belis a1
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resitev te enatbe pa lahko podamo v sklenjeni obliki:
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and has the closed-form solution:

w
q-'{u}_,aﬂm""'z (16).
4n-3
Pomembno je opozoriti, da je krititna kotna It is important to note that the critical angular
hitrost v zgomjem izrazu, @, (n), neposredno povezana velocity, @,.,(n). is directly related to the retardation

z zakasnilnim Easom materiala, A , ki nazomo poudari
pomembnost Easovne odvisnosti lasinosti mateniala.

Zbiranje deformacije se s povecevanjem
zaporedne Stevilke obremenitvenega cikla n
zmanjuje, kar je prikazano na sliki 4, kjer je AT (e )
prikazana kot funkcija logew za razlifne zaporedne
obremenitvene cikle.

Majveijo vrednost prirastka zbrane
deformacije AI™(m.,.x==,n), za doloen
obremenitveni cikel dolofimo s kombinacijo en.
(16) in en. {14):

AT (g K =W, 0) = ru,f_., 2[

Opozorimo na pogoj:

]|:|1.|i‘.]""‘{4-:u,,.,r K=a.n)= |I1’l11-'ﬁ£1

ki pomeni, da bo zbiranje deformacije Cedalje
Sibkejie, ko n—==. Poleg tega pa za kumulativno
zbrano deformacijsko stanje glede na Stevilo

time of the material, A, which clearly emphasizes
the importance of the malerial‘s time-dependent.

The amount of accumulated strain in each
consecutive cycle decreases as # increases. This is
demonstrated in Fig. 4, where A (@, n) is shown
as a function of logew for different numbers of
completed cycles,

The corresponding peak value of the
accumulated strain in each loading eycle,
AT (0, k =m,n), is obtained by combining
Eq.(16) and (14) to render:

4n-3 """

i a=1L2,3,--- N 17).
4n— 2] an
It is imrporr.ant to stress that the condition

an-3 "
=0 1
4» 2 [4::—2] Ls)

prevails, which means that the strain accumulated
in each cycle will tend towards zero as n—ee,
However, it is also true that the accumulated

obremenitvenih ciklov velja: strain:
4 _3 dm=3}
l.mr“*(q,,m-l.mr,,f.,24n 2[4:_2] = (19),
03
log wcr(n=1) ERl
H ——n =2
" : —=N=5
i : —=n =10
i 02 + :
- L H
5 ;
5 I ;
: ':
5 | ;.
041 1
[ EHOO-O DO B Cr O O AP | e RIAEGE000000
-3 -2 -1 to0l 1 2
log wcr(n=5) log wca(n=10) logm,1is

Sl. 4. AT, (e n) kot finkcija logew za razlicne zaporedne Stevilke obremenitvenega cikla pri A, = 1005 in k=
Fig. 4. Al (@, n) as a function of logw for different numbers of loading cycles, for A, = 1005 and K =

702
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kar pomeni, da bo jermen skoraj zagotovo
odpovedal, fe bo obratoval pri kriti¢ni kotni hitrosti.
Rezultati te analize kaZejo, da bi obratovanje
jermena pri kritiéni kotni hitrosti ali v njeni blizini
zelo verjetno lahko vodile do poruditve po
doloenem dtevilu obremenitvenih ciklov. Casovni
okvir tega postopka je odvisen od deformacijskega
stanja materiala, ki lahko vodi do poruditve, in
amplitude uporabljene napetosti , (sl. 2).

2.4 Vpliv lokacije enojne spektralne érte A,

Iz analize vpliva §tevila obremenitvenih
ciklov in vpliva geometrijske oblike na postopek
zbiranja deformacije je razvidno, da sta izraza
end13) in en(16) za kritiéno hitrost odvisna od
pozicije spektralne rte, . j. zakasnilnega Casa A,
Ce zdruZimo izraza en.(13) in en.(16) s privzetkom,
da je N=n =1 in je K= R za spekter z enojno
spektralno &rto, dobimo naslednji izraz za Kritiéno
kotno hitrost:

Wep(m) =

Diagram na sliki 5 kaZe. dapriN=n=1 {en
obremenitveni cikel) in & = | (enojna spektralna
€rta), se lokacija krititne kotne hitrosti pri dolodeni
vrednosti geometrijskega parametra k= 1t pomika
k manjiim kotnim hitrostim, ko povefujemo
odzivne Case.

ol
A2

which means that if'a belt was to operate constantly
at the critical angular velocity it will always fail!
From this analysis we can conclude that belis that
operate mostly at, or in the vicinity of, the critical
angular velocity will almost certainly fail. The time
frame of this process depends on the material failure
strain and the amplitude of the applied stress, 1,
(see Fig. 2).

2.4 The effect of a single spectrum line location, A,

From studying the effect of the number of
loading cycles and the effect of geometry on the strain-
accumulation process it is evident that expressions
for the critical angular velocity in Eq{13) and Eq.(16)
depend on the position of a single spectrum line, i.e.,
the retardation time, A,. If we bring together Eq.(13)
and Eq.(16), assuming that N' = n = 1 and je k=1 for
a single spectrum line, we obtain the following
expression for the critical angular velocity:

(20).

Fig. 5 shows that when N =n = | (one
loading evele) and K = 1 (single spectral ling), the
location of the critical angular velocity at a defined
geomelry K = T is moving to lower values when
the spectral line is located at longer retardation
times,

|ﬂﬂ 11..

o 1 2 3 4

(lokacija engjne spektraine linije)

{location of a single spectrum line)
SL. 5. Vpliv lokacije zakasnilnega casa A, na kriticno obratovalna kotno hitrost
Fig. 5. The effect of the location of the retardation nme A, on the critical operating angular velacity
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3 SKLEFPI

[z predstavljenega lahko povzamemo, da
jermeni izkazujejo zbiranje deformacijskega stanja,
te so pri obratovanju izpostavljeni dolodenim
kotnim hitrostim. Postopek zbiranja je najbolj
intenziven pri t.i. krititni kotni hitrosti, ki je med
drugim odvisna od razmerja med medosno razdaljo
jermenic in polmerov jermenic. Pri dani
geometrijski obliki se kritiéna hitrost poveluje s
povedevanjem 3tevila obremenitvenih ciklov.
Obenem pa se velikost zbrane deformacije
zmanjiuje nelinearno, ko se zaporedna Stevilka
cikla poveduje. To pomeni, da se postopek zbiranja
deformacije upodasnjuje s Stevilom obremenitvenih
ciklov in je po dolodenem itevilu zanemarljiv.
Vendar pa, &e bo jermen deloval pri kritifni kotni
hitrosti ali v njeni bliZini, bo skoraj zagotovo priilo
do njegove porusitve.

Analiza je pokazala, da je kritiéna kotna
hitrost odvisna tdi od zakasnilnega Zasa materiala,
ki opredeljuje lokacijo mehanskega spektra. Pri
materialih z dalj§imi odzivnimi asi (to pomeni, da
je spekter v obmodju daljSih zakasnilnih Easov) se
glede na teoretifne izsledke tega prispevka postopek
zbiranja deformacijskega stanja najintenzivneje
pojavlja pri manjiih obratovalnih kotnih hitrostih.
Obenem je velikost zbrane deformacije opredeljena
z intenziteto diskretne spektralne &rte, ki pripada
dolocenemu zakasnilnemu ¢asu. 1z izvedene analize
je mogoée sklepati, da je mehanski spekter
clastomemnega materiala, iz katerega je jermen
izdelan, najpomembnejia materialna funkeija za
napovedovanje trajnosti pogonskih jermenov ali
drugih dinamitno obremenjenih elastomernih
tzdelkov,

3 CONCLUSIONS

From the presented analysis we can
conclude that drive belts will exhibit an
accumulation of strain when exposed to operation
at certain angular velocities. The strain
accumulation will be most intensive at some critical
angular velocity that is proportional to the ratio of
the belt length and the diameter of the pulleys. For
a given belt geometry the critical angular velocity
increases with the number of loading cycles. At the
same time the magnitude of the accumulated strain
decreases non-linearly as the number of loading
cycles increases. Hence, the strain-accumulation
process slows down with the increasing number of
loading cycles and is negligible after a certain
number of loadings. But in any case, if the belt
operates at, or in close proximity to, its critical
angular velocity it will almost cenainly fail.

The analysis has shown that the critical
angular velocity also depended on the material
retardation time, which defined the location of the
mechanical spectrum. According to our theoretical
results materials with longer response fimes
(meaning that the spectrum line is located at a higher
retardation time) would exhibit the most intensive
strain-accumulation process at lower operating
angular velocities. At the same time the analysis
has also shown that the magnitude of the
accumulated strain was dictated by the strength of
the corresponding discrete spectrum line. Thus, the
mechanical spectrum of the elastomeric material
from which the belt is constructed is an important
material function for predicting the durability of
drive belts and similar dynamically loaded
elastomeric products.
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