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1 UVOD 1 INTRODUCTION

Sucasna konstrukcia a technologicky Present construction and technological
vyvoj péasovych dopravnikov je zamerany development of belt conveyor is focused
najmd na implementaciu rieSeni na mainly on implementing the solutions
zniZenie prevadzkovych nédkladov. Jednou reducing the operation costs. One of the
z politik na dosiahnutie tohto ciela je policies aimed to reach that goal is
hl'adanie novych rieSeni pre zniZenie searching new solutions lowering the
odporov dopravnika v pohybe a v dosledku conveyors’ resistances to motion, and in
toho zniZenie energetickej spotreby na consequence reducing the power energy
pohon dopravnika. consumption of the conveyor drive.
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Takéto rieSenia su obzvlast’ dolezité pre
dlhé prepravné trasy. Metody pre vypocet
[2], [4] jednotlivych zloZiek odporov
pohybu, s prihliadnutim na konstrukéné
parametre dopravnika, pasu a vlastnosti
prepravovaného  materidlu, umoziuju
uplne detailne analyzovat'" dopad tychto
parametrov. Teoretické analyzy
a experimentalne skusky ukéazali moznosti
zniZenia valivého odporu pasu cez zmenu
elastickych vlastnosti a nastavenie krycich
vrstiev pasu.

Valivy odpor dopravného péasu je
dosledkom cyklického stlacania spodnej
krycej vrstvy pasu val¢ekmi. Po prechode
napinanim, sa pas vracia do pdvodného
tvaru s oneskorenim, ktoré vyplyva
zdoznievania straty stlaania krycej
vrstvy, ¢o zapriCinuje, Ze pocas prechodu
val¢ekmi cCast’ kinetickej energie péasu je
stratend aprevedena na teplo. Podla
Gladysiewicz [2] odolnost pasu na
podpernych val¢ekoch je mozné vypocitat’
zo vztahu:

W, =0463.1, V/

kde: W, — odpor valenia (vtla¢anie pasu do
valéeka), N; T, - stéinitel’ timenia, %; R; -
vysled,né normalova sila na valéekoch, N;
lyi - dlzka styku pasu s valéekom, m; I, —
bezrozmerny koeficient geometrie ohybu
pasu na val¢ekoch, ¢, — nahradna zakladna
tuhost’ pasu, N/m®; i — index popisujuci
valcek.

Ak K je konstanta, ktorej hodnota nie je
relativna k vlastnostiam pasu, bude mat’
vztah (1) tvar:

,

Kde: K - koeficient nevztahovany ku
vlastnostiam gumy, ale ku zatazeniu,
geometria ohybania pasu na valcekoch,
priemer val€eka, hriibka krycich vrstiev.
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Such solutions are especially important for
long transport routes. Methods for
calculation [2], [4] of individual
components of motion resistances, taking
into considerations construction parameters
of conveyor, belt and transported material
properties, enable detailed analyzing of
impact of those parameters on total.
Theoretical  analysis as  well as
experimental tests [1], [3] showed the
possibilities of reducing the belt rolling
resistance through the change of elastic
properties and damping of the belt cover.
Resistance of belt rolling on the idlers
results from the cyclic compression of
bottom cover of the belt by idlers. After
passing the idler, belt comes back to initial
shape with the delay resulting from the
damping losses of tread cover material,
causing that during the rolling, part of the
kinetic energy of the belt is lost and
transferred into heat. According to
Gladysiewicz [2] the resistance of the belt
on rolling idler may be calculated from the
relationship:

(1)

where: W, — rolling resistance (indentation
of the belt in the idler), N; T. — damping
coefficient, %; R; — resultant normal force
on idler, N; ly; — length of contact of the
belt with idler, m; l. — dimensionless
coefficient of bend geometry of the belt on
the idler set; ce — substitute elementary
stiffness of the belt, N/m’ ; 1 — index
describing the idler.

Introducing the K constant, which value is
not relative to the belt properties the
relationship (1) will be as follows:

)

where: K — coefficient not relative to
rubber properties but relative to load, bend
geometry of the belt on the idler, idler
diameter, cover thickness.
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Vlastnosti elasticity a zmien stla¢ania pasu
zavisia od konstrukcie pasu a od pouzitych
materialov. Tak, odolnost’ rolovaného pasu
na val¢ekoch a spotreba elektrickej energie
pri pohybe dopravnika moézu byt
redukované optimalnym vyberom spodnej
krycej vrstvy pasu ajej konStrukciou.
Laboratérium pésovej dopravy InStitatu
banského inzinierstva na Wroclawskej
Technologickej  Univerzite  vykonava
vyskum energeticky uspornych pésov
niekol'ko rokov. Vlastné vyskumné metody
boli vyvinut¢ abolo skonStruované
skisobné zariadenia. Hlavnym ciel'om
tychto skusok je vyber gumy pre spodnui
mozny valivy odpor pre celkovy rozsah
okolitej teploty, za predpokladu, Ze jeho
pevnost’ v tahu, oteruvzdornost a tvrdost
budi zachované. Skusky sa vykonavaju
v dvoch fazach: skusky gumy pre spodny
kryt pasu askusSky péasu s vylepSenym
spodnym krytom.

2 SKUSKY GUMY PRE SPODNY
KRYT PASU

Rozdielne zmesi gumy pre spodnu
kryciu vrstvu pasu boli testované pre
identifikovanie ich  parametrov, t..
koeficient timenia a modul pruznosti pocas
periodického namahania. Skusky boli
vykonané na Specidlnom skiSobnom
zariadeni v klimatizovanej komore. Této
cast skusok naznaCovala gumarenské
zmesi s nizkym koeficientom tlmenia
a vysokym modulom. Tieto parametre boli
zaCiatocnym bodom pre druht etapu
skasok. S cielom stanovit koeficient
tlmenia gumy a elasticky modul pocas
periodického naméhania, vyskum bol
vykonany na skiSobnom zariadeni, ktoré je
prezentované na obrazku 1 a 2.
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Elasticity properties and damping of the
belt change depending on the belt
construction and materials used. Thus,
resistance of rolling the belt on idlers and
power energy consumption by the
conveyor drive can be reduced by optimal
selection of the bottom cover of the belt
and its construction. Laboratory of Belt
Transportation the Institute of Mining
Engineering on Wroclaw University of
Technology has been carrying out
investigation on energy saving belt since
several years. Own investigation methods
have been developed and testing stands
have been constructed. Main target of these
tests is to select the rubber for bottom
cover of the belt, which will have the
lowest possible rolling resistance for total
range of ambient temperature, assuming
that its tensile strength, abrasion resistance
and hardness will be maintained. The tests
are carried out in two stages: tests of
rubbers for bottom cover of the belt and
tests of the belt with improved bottom
cover.

2 TEST OF RUBBER FOR BOTTOM
COVER OF THE BELT

Different mixtures of rubber for
bottom cover of the belt were tested to
identify their parameters i.e. damping
coefficient and elastic modulus during the
periodical stress. Tests were made on
special stand in the climate chamber. This
part of tests let to indicate the rubber
mixtures with low damping coefficient and
high modulus. Those parameters were the
starting point for the second stage tests. In
order to determine the damping coefficient
of the rubber and the elastic modulus
during the periodical stress, the
investigation were carried out on the test
stand, presented on figures 1 and 2.
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Obr.1 Schématicky diagram zariadenia pre testovanie elastickych viastnosti a stlacania gumy
Fig. 1. Schematic diagram of stand for testing the elastic properties and damping of rubber

Obr. 2 Zariadenie pre testovanie gumy v klimatizovanej komore
Fig. 2. Stand for rubber testing in climate chamber

V testoch na obr. 1, pouzité vzorky gumy
maji  tvar valcekov(l). Vzorky su
umiestnené medzi dve kovové dosky (2).
Pod spodnou doskou je senzor sily (4),
ktory meria pdsobiacu silu F na vzorku (5).
Deforméacia vzorky ¢ ako vysledok
pouzitého zatazenia je merany pomocou
vymenného senzora (3). Proces stlacania
krycej vrstvy je simulovany vratnym
pohybom zarazky.
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In tests showed on fig. 1, the rubber
samples, having the shape of idler, are used
(1). The samples are placed between two
metal plates (2). Under the bottom plate
there is a force sensor (4) which measures
the action force F of stamp (5) on the
sample. Deformation of sample ¢ as a
result of load used is measured by
replacement sensor (3). Process of rubber
cover indention is simulated by
reciprocating movement of stamp.
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Koeficient pozdiznej pruznosti E. rovnako
ako koeficient timenia T, zavisi od tlakovej
sily F, frekvencii tlaku f, po¢tu zat'azeni n
a okolitej teploty T. Vzorky gumy st
namahané  zatazou so  sinusovym
priebechom, kde rozsah zatazenia je
rovnaky ako zataz na stredny valcek
Standardného banského dopravnika na
jednotku plochy gumy. Frekvencia zat'azi
je rovnaka ako vtlacaci proces pasa do
valéekov pri pdvodne predpokladanej
rychlosti  pasu  avzdialenosti medzi
val¢ekmi. Pre gumu je typicka taka zmena
hysteréznej slucky, ktorej stabilizacia
pricbechu sa vykond az po mnohych
cykloch.  Analyzovala sa  hysteréza
z poslednych 200 zat'aZzovacich cyklov.
Koeficient tlmenia sa pocita ako podiel
plochy hysteréznej slucky (striedava
energia) a plochy pod zatazenou vetvou
(energia zdeformacie gumy). Zéroven
modul pruznosti gumy sa pocita na zaklade
uhlu sklonu hysteréznej slucky. Testy boli
vykonané pri teplotach od -30 °C do + 40
°C. Vysledky testu st uvedené na obr. 3
a4. Vyskum ukézal, Ze zmena zloZenia
gumovych zmesi umoziuje ziskat' gumy

srozdielnymi elastickymi vlastnost’ami
atlmenim.  Obrdzok 5  prezentuje
hysteréznu slu¢ku pre Styri vzorky

srozdielnym zloZzenim gumenej zmesi.
Boli ziskané hysterézne slucky
srozdielnymi  sklonmi  arozdielnymi
oblastami. Tiez bolo zistené, Ze zniZenie
teploty méa negativny vplyv na hodnoty
valivého odporu pri prechode po
val¢ekoch. Pri znizeni teploty sa zvySuje
modul pruznosti (obr. 4), ¢o by malo
zlepSit podmienky prechodu pasu po
val¢ekoch, ale zaroven sa zvySuje
koeficient tlmenia. Pretoze valivy odpor
linedrne zavisi na koeficiente tlmenia
a exponenciélne, s 1/3 exponentom, klesa
s narastom modulu pruznosti pasu, potom
vysledkom je, Ze so zniZujlcou sa teplotou,
valivy odpor pésu sa podstatne zniZuje.
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Longitudinal elasticity coefficient E. as
well as damping coefficient T. depend on
the pressure force F, pressure frequency f,
number of loading series n and ambient
temperature T. Rubber samples are
stressed by load with sinusoidal course,
where range of load is equal to the load of
central idler of standard mine conveyors
for the surface unit of the rubber.
Frequency of loads is the same as
indentation process of the belt by idlers at
previously assumed speed of the belt and
the spacing between idlers. The typical for
the rubber is such movement of the
hysteresis loop that the stabilization of its
course takes place only after many cycles.
The hysteresis from the last 200 loading
cycle is analyzed. Damping coefficient is
calculated as a quotient of hysteresis loop
area (alternated energy) and the area under
loading branch (energy of rubber
deformation). At the same time the rubber
elasticity modulus is calculated basing on
the slope angle of hysteresis loop. Tests
were carried out in the temperatures from -
30°C to +40°C. Example test results are
presented on figures 3 and 4. Research
showed that modification of rubber mixes
composition allows to obtain rubber with
different elastic properties and damping.
Figure 5 presents the hysteresis loops for
four samples with different composition of
rubber mixes. The hysteresis loops with
different inclinations and different field
areas have been obtained. It was also found
that decreasing of temperature has negative
impact on values of belt rolling on idlers
resistance. With temperature reduction the
elasticity modulus rises (fig. 4) what
should improve the conditions of rolling
belt on idlers, but at the same time the
damping coefficient increases. Since the
rolling resistance linearly depends on
damping coefficient and exponentially,
with 1/3 exponent, decrease with the
increase of belt elasticity modulus, than as
a result, with the temperature reduction,
the rolling resistance of belt increases
significantly.
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Obr. 3 Hysterézne slucky pre rozdielne gumy
Fig. 3 Hysteresis loops for different rubbers
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Obr.4 Zmeny elastickej hysterézy gumy ako vysledok zmien okolitej teploty
Fig. 4 Changes of elastic hysteresis of rubber as a result of ambient temperature changes

3 SKUSKA PASU S VYLEPSENOU
SPODNOU KRYCOU VRSTVOU

Laboratorne skusky prvého stupna
umoznuji vybrat gumené zmesi pre
spodni kryciu vrstvu segmentov pasov
s ocelovymi kordami, ktoré boli dalej
testované na stanovenie valivého odporu
pasu na valCekoch.Valivy odpor na
val¢ekoch bol urfeny na stande, ktory je
prezentovany na obr. 5 a 6.
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3 TEST OF THE BELT WITH
IMPROVED BOTTOM COVER

Laboratory tests of the first stage have
allowed to select the rubber mixes for
bottom cover of steel cord belt segments,
which were further tested to establish the
rolling resistance of the belt on idlers.
Rolling resistance of the belt on idlers were
determined on testing stand, presented on
figures 5 and 6.
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Obr.5 Schématicky diagram zariadenia pre testovanie odolnosti rolovaného pdasu na
valcekoch
I — testovacia sekcia, 2 — vzorka pasu, 3 — naklonend rovina pre urychlenie vozika s valcekmi, 4 —
zakladna trasa, 5 — sekcia pre oddelenie vozika, 6 — vozik s dvoma valcekmi, 7 -, 8 — systém pre
zdvihanie vozika, 9 -, 10 — fotometrické sondy
Fig. 5 Schematic diagram of stand for testing the resistance of belt rolling on idlers
1 — tested section, 2 — sample of the belt, 3 — inclined plane for accelerating the cart with
idlers, 4 — track base, 5 — section for breaking the cart, 6 — car with two idlers , 7 — cart
extenders, 8 — system for cart lifting, 9 — system for belt stretch, 10— photometric probes.

Obr. 6 Skusobné zariadenie (a), nakladaci vozik (b)
Fig. 6 Testing stand (a), loading cart (b)

Zakladny odpor pasu prechadzajiceho po Elementary resistance of the belt rolling on
val¢ekoch We sa  pocita  podla the idlers W. is calculated from the
nasledujticeho vzorca: following formula:
4 I r N
Elimel—o o -W L
G m (3)
kde: W,=m.g.sinf} where: W,=m.g.sinf3
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Wi — stcet dynamickych odporov dvoch
rotujucich valéekov, N; W, — odpor proti
zdvihaniu vozika, N; m - hmotnost’
vozika, kg; a — spomalenie, m/sz; I, —
moment zotrva¢nosti podperného valéeka,
kg-mz; r — polomer val¢eka, m; g —
gravitatné zrychlenie, m/s’; B — uhol
sklonu testovanej Casti roviny, b —Sirka
pasu, m.

Na zaliatku testovania vzorka pasu so
sirkou 500 mm adizkou 7500 mm je
namontovana na drziaky a je napnuta silou
rovnou pevnosti pasu. NaloZeny vozik ide
hore po naklonenej rovine do vysky
umoznujicej  dosiahnut’  pozadovanu
rychlost’ na prvom bode, kde je merana
rychlost. Po  zacati  spomalovania,
fotometrické  meradlda  zaznamenavaju
periédu pohybu vozika pozdiz pasu. Pred
meranim je vzorka podmienena vhodnou
teplotou. Meranie sa vykondva pri
upravenej teplote. Cas prechodu vozika
pozdiz pasky je merana pomocou troch
fotometrickych meradiel. Pouzitie tychto
vysledkov odporu podpernych val¢ekov na
pase je pocitané podla vztahu (3).
Rovnaky vysledok odporu valenia ziskame
pri  rozdielnych teplotach, ako to
znéazormuje obr. 7.

Wi — sum of dynamic resistances of two
rotating idlers, N; W, — resistance of the
lifting cart, N; m — weight of cart, kg; a —
deceleration, m/s?'; I; — idler moment of
inertia, kg-mz; r — radius of idler, m; g —
gravity acceleration, m/s*; B — inclination
angle of testing section of plane; b — width
of the belt, m.

At the beginning of the test the belt sample
500mm wide and 7500mm long is
mounted on holders and is stretched by the
force adequate for the belt strength. The
loading cart goes up on the inclined plane
to the height enabling to achieve the
desired speed at the first point where
velocity is measured. After starting the
slowing-down set, photometric gauges
record the period of cart movement along
the belt. Before the measurement the
sample is conditioned in appropriate
temperature. The measurement is carried
out in conditioning temperature. Time of
cart passage along the tape is measured by
three photometric gauges. Using these
results resistance of idlers rolling on the
belt is calculated from the formula (3).
Sample results of rolling resistance,
obtained at different temperatures are
shown on figure 7.

Elementary resistance of the belf rolling on
theidiers W, Nm

48 £ 0 4 2B

6

g 10 12 W% 16 99 28 22 M
Temperature T,°C

Obr. 7 Zakladny odpor podperného valceka na pase W, [N/m] ako funkcia v zavislosti od
teploty-ST §tandardny pas, 2-EO, 3-EO a 4-EO energeticky usporné pdsy
Fig. 7 Elementary resistance of idlers rolling on the belt We[N/m] as a function of
temperature 1-St —standard belt, 2-EO,3-EQ and 4-EO — energy saving belts
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Testy ukazali, Ze je mozné pouzit pasy
s ocelovymi kordami, ktoré maju o 18 %
niz8i odpor valenia (pas 4-EO) v porovnani
s normalnym pasom (pas 1 _ST).

3 ZHRNUTIE

Dopravné péasy v zavislosti na ich
Struktire a pouzitych materidloch moézu
generovat’ rozdielny pohybovy odpor
dopravnika. Na zéklade vyssie uvedenych
skusok je mozné povedat, Ze pouzivanim
pasu s modifikovanou spodnou krycou
vrstvou a Struktirou, je mozné znizit’
valivy odpor dopravnika o 10 az 12 percent
v porovnani s tradiénymi pasmi. Siroké
pouzitie energeticky uspornych péasov
moze byt dalsim krokom pre zvySenie
konkurencieschopnosti dopravy pasovymi
dopravnikmi  vo  vztahu Kk ostatnym
druhom doprav. Prezentované testovacie
metddy umoziiuji hodnotit’ gumové zmesi
a Struktury pasu v porovnani s ich
spotrebou energie. Dvojstupniovy postup
skusok optimalizuje néaklady. Vysledky
testu, ktory bol vykonany na skuSobnom
zariadeni, popisanom v ¢lanku, zachovali
vysoku opakovatelnost vramci celého
rozsahu aplikovanych teplot.

The tests showed that it is possible to use
belts with steel wires which have 18 %
lower rolling resistance (belt 4-EO)
comparing to normal belts (belt 1-ST).

3 SUMMARY

Conveyor belts depending on their
structure and materials used may generate
different resistance to motion of the
conveyor. Basing on the above tests it has
been stated that using the belt with
modified bottom cover and structure it is
possible to reduce the rolling resistance of
conveyor by ten to twenty percent
comparing to the traditional belts. Wide
usage of energy saving belts will be the
next step increasing the competitiveness of
belt conveyor transport with relation to
other means of transport. Presented testing
methods make possible to evaluate of
rubber mixes and belt structures against
their energy consumption. Two-stage
procedure of tests optimizes their costs.
Results of test carried out on the stands
described in the paper hale high
repeatability within the whole range of
applied temperatures.
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