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Abstrakt: Cl' i ok spracovava aplzkacm pasovyeh dopravntkov s horzzontalnou zavztovko:x
»bmedzenia velkého mnoZstva dopravnych jednotiek a prekladacich miest pri
enej rudy z povrckovych bani k spotrebitelom alebo na  sklddky. Redukcia
poctu prekladaczéh miest minimalizuje ohrozenie zzvotneho pmstredla v dosledku zvy&enej
prasnosti as'z Suje Spolahlzvost Systemu - S :

.?dopravny pas, horlzontalna zavztovka uhlze ; ~‘  ;' .

Abstract: T hzs Paper elaborates the applzcatzon of belt conveyors placed wzth horlzontal ;
curves, in order to avoid a great number of conveyance units and reloadzng points in
conveyance of mined out ore from the open-pit mine to customers or a dump. Reducing the
number of reloading points minimizes the endangerment extem‘ of the envzronment from the
zncreased dustmess and raises the System rellabllzty i '
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Uvod

Pri povrchovom ziskavani nerastnych
surovin, obzvlast’ pri hlbinnych baniach sa
vyskytuje  viac aviac  zmieSanych
dopravnych systémov.

Vzdialenosti jednotlivych zakaznikov,
skladok od povrchovych bani si od
niekol’ko stoviek az po tisicky metrov.

Introduction

In surface exploitation of mineral raw
materials, especially in mining the deep
deposits, there are more and more mixed
conveyance systems.
The distance of such consumers and dumps
from the exploited open-pit mine amounts
from a few hundred to thousands of
meters.
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Dopravné trasy prechadzaji cez
prirodné prostredia, niekedy konkrétne
chranené, krizujt a dotykaju sa sidel a pod.
Je zna¢ny dopad dopravného systému uhlia
na Zivotné prostredie.

Cielom ¢lanku je analyzovat vplyv
dopravného  systému  viacnasobnymi
dopravnikmi, S$pecialne negativny dopad
prekladacich miest. Taktiez su v Clanku
zdoraznené vyhody dopravného systému
pomocou jednotného dopravnika, ktory
predstavuje  dopravny  systém  bez
prekladacich miest.

1 Environmentilne vplyv dopravného
systému s viacnasobnymi dopravnikmi

Doprava uhlia a hlusiny
k vzdialenej§im spotrebitelom alebo na
skladky ma =za nasledok nasledujuce
skodlivé efekty: degradaciu pody, hluk
a vibracie, zvySenie pra$nosti, unik paliv
amaziv, unik prepravovaného materialu,
znedistenie vyfukovymi plynmi. Dopad
kazdého dopravného systému je rdzny,
a preto je potrebné oddelené hodnotenie.

Pasové dopravné systémy neprodukuji

$kodlivé  vyfukové plyny, prenikanie
mazadiel je zanedbatelné, ako aj hluk
a stupent vibracie. V pripade nespravne
instalovanej dopravnej trasy pasového
dopravnika vazny problém predstavuje
unik materialu.
Zamedzenie kontaktu materialu
s atmosférou je dosiahnuté pouzitim
potrubného a sendvicového dopravnika.
Napriek tomu najlepsie vysledky na
obmedzenie znecistenia su dosiahnuté
elimindciou  alebo redukciou  zdroja
prasnosti.

Najkritickej$im  miestom v pripade
znedistenia  atmosféry  z kontinualnych
alebo zmiesanych dopravnych systémov su
prekladacie miesta. Mnozstvo vytvoreného
prachu je zavislé na viacerych faktoroch,
z ktorych najddlezitejsie su: rychlost’ pasa,
zrnitost materialu, klimatické podmienky,
vlhkost materialu a pod. Na zabranenie
znedistenia  vzduchu  sa  pouZzivaju
kolektory, a v dosledku toho sa do

Haulage routes pass through the natural
environment,  sometimes  specifically
protected, cross or contact settlements etc.
The environmental impact of ore
conveyance system is considerable.

The objective of this Paper is to analize
the influence of multi-conveyors haulage
systems, especially the negative impact of
reloading points. Also the Paper is to point
out to the advantages of the single-
conveyor haulage system, that is, the
conveyance system without reloading
points.

1 Environmental Impact of Multi-
Conveyor Haulage System

Coal and tailings conveyance to distant
consumers and dumps causes mostly the
following  damaging  effects: soil
degradation, noise and vibrations, increase
of dustiness, discharge of fuel and
lubricants, load spillage, exhaust gases
pollution etc. Especially the impact of each
haulage system is different and has to be
separately evaluated.

Belt conveyance systems do not create
harmful exhaust gases, the leakage of
lubricants is negligeable, as well as the
noise and vibrations degree. The spillage
of the material along the route may
represent a serious problem if the belt
conveyor’s track is improperly mounted.
Almost full prevention of contact of the
material with the atmosphere is attained in
the use of tubular and sandwich conveyors.
However, the best results are obtained by
elimination, or reduction of the dustiness
source.

The most critical points, in regard to
the atmosphere pollution on continuous
and mixted conveyance systems are
reloading points. The dust quantity which
is thereat created depends on several
factors whereof the most important are:
speed of the belt, granulation of the
material, reload height, climate conditions,
humidity of the material etc.
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ovzduSia dostdava dovolena koncentracia
prachu. Dobré vysledky sa dosahuju aj
pouzitim réznych chemikalii, ktoré su
v roznej forme rozpustnosti aplikované ako
zméacadla na miestach prekladania.

Pouzitie velkého mnoZstva pasovych
dopravnikov v dopravnom systéme je

vysledkom vicsej dizky, sklonu
a frekventovanosti  dopravnika, ako aj
nepriaznivych  terénnych  podmienok.

Dizka a sklon zapriCifiuji znaéna podstatu
napinacej sily péasa azvySenie strojnej
kapacity a zvySovanie instalovanej strojnej
kapacity, ktord je vzdy merana v MW.

Pritomnost’ niekolkych dopravnikov
vsysttme md negativny vplyv na
priepustnost’ systému. Vypoctova
priepustnost’ dopravného systému zavisi na
minimélnej kapacite dopravnika v systéme
Qmin a vypoctového (efektivneho)
odpracovaného ¢asu kazdého dopravnika
kbri

2= 0] ] K ()

Ak kyr je vzdy nizsie ako 1, je zrejmé, ze
zvySenie dopravnych jednotiek v systéme
radikalne redukuje priepustnost’
a spol'ahlivost’ systému.

Ked’ sa na kratsej priame trase dopravného
systému vyskytuji prirodné alebo umelé
prekazky, je nevyhnutné instalovanie
niekolkych dopravnikov a navyse v tomto
systéme Skodlivé environmentalne dopady
maju nasledovné slabé stranky:

- potreby niektorych elektrarni a vystavba
infrastruktury pre ich prevadzku (dodanie
energie, vystavbe ubytovacich zariadeni
a pod.),

- zvySena pracovnej sily pre obsluhu
a udrzbu elektrarni, ¢o su zvySené naklady
pre automatizaciu systému,

- vplyv na kvalitu prepravovaného
materidlu, najmd na drvenie uhlia na
prekladacich miestach a pod.

The prevention of dust spreading may be
realised by isolating the reloading points
and by aspirating and discharging the dust.
For air purification (treatment) which is
discharged into the atmosphere from the
reloading points we use dust collectors.

A large number of belt
conveyors in a conveyance system arises
as a result of great lengths, inclines, and
most frequently, as a result of an
unfavourable terrein configuration.
Lengths and inclines cause considerable
amount of tensioning force of the belt and
the increase of the engine capacity and by
increasing the installed engine capacity,
which are already measured in MW.

The presence of several conveyors
in the system has a negative influence on
the throughput of the system. Computing
throughput of the conveyance system
depends on the minimum capacity of the
conveyor in the system Q. and the
computing (effective) of time usage of
each conveyor ky,:

Pl = Qrinﬂ k’mi (1)

As ki is always lower than 1, it is obvious
that the increase of transportation units in
the system radically reduces the throughput
and the reliability of the system.

If there are natural or artificial obstacles on
the shortest straight-line route of the
haulage system, it is necessary to install a
number of conveyors, and this system, in
addition to the harmful environmental
impact, has the following weaknesses:

- the need for several power plants and
building an infrastructure for their
servicing (delivery of energy, building
accommodation facilities etc);

- increased work force for handling and
maintanance of power units, that is,
increased costs for system automatisation,

- influence on the quality of the material
which is to be transported — especially in
regard to crushing the coal in reloading
point etc.
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Niektoré  trendy, ktoré by  viedli
k vyrieSeniu tychto problémov vystavbou
dopravnikov, ktoré by prekonali kazdé
horizontalne zakrivenie, dospeli
k produkcii $pecialnych dopravnikov, ktoré
by dopravovali material pozdii
horizontalnych zavitoviek vodiacich tras.

Po celom svete, najmid v poslednych
30 rokoch, boli inStalované desiatky
pasovych dopravnikov s horizontalnymi
zavitovkami. Ich kapacita ¢ini od niekol'ko
sto do niekolko tisic ton za hodinu.
Nevyskytuju ~ sa  vnich $pecialne
konstrukéné podsubory ani  Casti, su
pouzivané jednoduché pasy s vrstvou
textilu alebo ocel'ovym lanom. Dalej nie su
potrebné ani  pridavné naklady pre
zhotovenie novych casti a vybaveni vo
vztahu  k §tandardnym  dopravnikom
v priamom smere trasy.

Hlavna myslienka pre inStalaciu
dopravnikov v zavitovke vyplynula
7z faktu, Ze napinanie pasa v zavitovke
vytvara komponenty horizontalnych sil,
ktoré postupuju smerom k vnitornej Casti
astredu zavitovky. Hodnoty tychto sil
z4avisi na nasledovnych faktoroch:

- po¢iato¢né napnutie pasa,

- napinacia sila pasa Vv jednotlivych
pracovnych podmienkach,

- polomer horizontalnej zavitovky,

- vzdialenost medzi podpernymi val¢ekmi.

Hodnota sily, ktord pdsobi v niektorych
bodoch zavitovky, moze byt definovana
pomocou nasledovného vztahu (podl'a
Tookera):

P o=p.—— e )

: . [ L,,)Z
Re — | =
) 2

kde: R, — horizontalny polomer zavitovky,

L. — dlzka zavitovky,

x — vzdialenost miesta plnenia od
zadiatku zavitovky,

T — skutoéné napinanie pasa Vo
vzdialenosti X,

Some trends which were to resolve these
problems by building conveyors which
would overcome even horizontal curves
led to the production of series of special
conveyors that could transport the material
along the horizontal curves guide tracks.

All over the world, and especially in
the last 30 years, there are tens of
horizontal curves belt conveyors installed.
Their capacity amounts from a few
hundreds to thousands of tons per hour.
There are no special constructive sub-
assemblies and parts; simple belts with
plies of fabric or steel ropes are used.
There are no additional expenses for
manufacturing new parts and facilities, in
relation to ordinary conveyors in straight-
line routes.

The main idea for installing conveyors
in curve resulted from the fact that belt
tensioning in the curve makes components
of the horizontal forces which act towards
the interior part and the center of the curve.
The value of these forces depends on the
following factors:

- initial belt tension,

- belt stretching forces in particular
working conditions,

- horizontal curve radius,

- distance between support rollers.

With some approximations, the value of
the force acting in some point in the curve
may be defined through the following
equation (according to Tooker):

PP L. S 2)

2 L. )
R N - (X - ;j
i 2

where: R, — horizontal curve radius,

L. — curve length,

x — distance of the observed point
from the beginning of the curve,

T — actual tension of the belt at the
distance Xx.
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Za ucelom aktivacie pohybu, v zmysle
radidlnych sil smerom k strede zavitovky,
rovnovaha by mala byt zavedena
uvedenim kompenzacénych sil. Moze to byt
uskuto¢nené  ulozenim  valcov pod
Specifickym uhlom. A vysledkom moze
byt’ kompenzacia a vytvorenie
komponentov, ktoré smerujii od stredu
zavitovky.

Ekonomicka  ospravedlnitelnost (EO)
predstavujuceho  systému  moze byt
vypocitana pomocou faktora
ospravedlInitel'nosti:

il it
c=—2t¥% (2)
Ts; + Trl + T:’a

kde: T a T, - ro¢né prevadzkové naklady
dopravnika s horizontalnymi zavitovkami,

Ts1 a Ty — roéné prevadzkové naklady
viacndsobnych dopravnikovych systémov,

T,s — naklady vyplyvajuce z merani
environmentalnej  ochrany v miestach
prekladania.

Pri normélnych trhovych podmienkach
EO jednopésového systému v horizontalne;j
zavitovke tvoria od 0,6-0,8, ktoré
poukazuju na vyhody tohto dopravného
systtmu  hlusiny  (odpadovej rudy)
a uzitkovej rudy na vonkajsok povrchovej
bane.

2 Moznosti pouzitia dopravnikov
s horizontalnymi zavitovkami
v povrchovych baniach v Srbsku

Povrchové uholné bane v Srbsku
disponuju s mnohymi dopravnikmi. V 7
povrchovych  uholnych  baniach je
produkcia 35 mil. ton uhlia a 82 mil. ton
hlusiny  dopravovana 108 pasovymi
dopravnikmi celkovej dizky 95km.

Priemer  dopravnikov s priemernou
dizkou pod 1000m poukazuje na moznost
racionalizacie poctu dopravnikov
uvedenim dlhych dopravnikov
s horizontalnymi zavitovkami.

In order to enable the movemement, inspite
of radial forces towards the centre of the
curve, the balance should be established by
introducing countervail forces. This may
be carried out by placing rollers at
specified angle. This leads to the
compensation and creates components
which are directed from the centre of the
curve.

Economic justifiability (EJ) of introducing
a system may be estimated by means of the
Justifiability factor:

b i
c=——2rx (2)
TSL + Trl + Tzs

where: T i T, - annual operating costs of
the horizontal curves conveyor,

Ts1 1 Ty - annual operating costs of
the multi-conveyor system,

T, — costs resulted from the
measures for environmental protection in
reloading points.

In normal market conditions the
economic justifiability of introducing a
single-belt system in the horizontal curve
amounts from 0.6 to 0.8, which shows the
advantages of this haulage system of
tailings (refuse ore) and useful ore outside
the borders of the open-pit mine.

2 Application Possibilities of Horizontal
Curves Conveyor in Open-Pit Mines in
Serbia

Open-pit coal mines in Serbia have
many belt conveyors. In 7 open-pit coal
mines, , the production of cca 35 milions
of tons of coal and 82 milions of tons of
tailings is transported by 108 belt
conveyors of 95 km total length.

The avarage number of conveyors
with average lengths under 1000m shows
that there are possibilities for the
rationalisation of the number of conveyors
by introducing long horizontal curves
conveyors.
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Priklad uvedenej moznosti racionalizacie
predstavuje dopravny systém , ktory spaja
pasové dopravniky PK Drmno s tepelnou
elektrarnou Kostolac A (TEKO A).

Povrchové bane Kostolac (Cirikovac,
Klenovnik  a Drmno)  zdsobuju  dve
elektrarne v Kostolacu suhlim (TEKO
A aTEKO B) scelkovym instalovanym
vykonom 310 a 600MW. Celkové ro¢né
mnozstvo uhlia pre TEKO A je 2 676 000t
apre TEKO B je 4 960 000t. Cela
produkcia je planovana takym sposobom,
ze bana Cirikovac a Klenovnik zasobuju
TEKO A uhlim, kym zasobovanie TEKO
B mdze byt uskutocnené cez PK Drmno.

Povrchové bane Cirikovac
a Klenovnik budu uzavreté, a preto pracut
s redukovanym vykonom,; niektoré
problémy boli spdsobené v dosledku
zasobovania TEKO A. Na zaklade toho je
systém dialkovej dopravy pre spojenie
s TEKO A postaveny na distribtcii zasob
dialkového dopravného systému PK
Drmno TEKO B (Obr.1). Je planované
rozSirenie povrchovej bane Drmno, tak aby
bolo prevzaté zdsobovanie oboch elektrarni
s uhlim. Tento systém dialkovej dopravy
ma 4 dopravniky dizky 3973m. Trasa
prechddza cez 2 sidla (dediny Drmno
a Stari  Kostolac), ktoré boli jednym
zdovodov pre opisané konfiguracie
systému dial'kovej dopravy. Nachadzaju sa
viom 4 prekladacie miesta, dve su
situované v priamom okoli tychto sidel,
ktoré  reprezentuji  kritické  miesto
znecistenia prostredia uhol'nym prachom.
Predbeznd analyza ukazuje, ze existujlci
systtm dopravy moze byt nahradeny
dopravnikom s horizontadlnou zavitovkou
s nasledujicimi charakteristikami:

- dizka dopravnika 3860m,
- pocet zavitoviek £
- polomer zavitovky B 1200m,
- polomer zavitovky C 950m,
- polomer zavitovky D 2300m,

- kapacita dopravnika 1200t/h.

The example of such rationalization
possibility represents the haulage system
for connecting belt conveyors PK Drmno
with Thermo-Power Plant Kostolac A
(TEKO A).

Open-pit  mines of Kostolac
(Cirikovac, Klenovnik and Drmno) supply
two power plants in Kostolac with coal
(TEKO A and TEKO B) of total installed
load of 310 and 600 MW. The total annual
quantity of coal for TEKO A is 2.676.000
t, and for TEKO B 4.960.000 t. The whole
production is planned in such a manner
that pits Cirikovac and Klenovnik supply
TEKO A with coal, while the supply of
TEKO B would be taken over by PK
Drmno.

Since open-pit mines Cirikovac and
Klenovnik are near to be closed down and
since they work with reduced performance,
some problems incurred in relation to the
supply of TEKO A. Therefore a haulage
system for connecting with TEKO A is
built, from the distribution bin of the
haulage system PK Drmno TEKO B (Fig.
1). It is planned to expand the open-pit
mine Drmno so as it could take over the
supply of both power plants with coal. This
haulage system has 4 conveyors of 3.973
m long. The route passes through two
settlements (villages Drmno and Stari
Kostolac), which was one of the reasons
for the described configuration of the
haulage system. Out of 4 reloading points,
two are situated in the immediate vicinity
of these settlements, which, inspite of all
taken  measures for  environmental
protection, represents a critical point of the
polluted environment with coal dust.
Preliminary analysis showed that the
existing haulage system could be replaced
with a horizontal curves conveyor, having
the following caracteristics:

- conveyor length 3860m,
- No. of curves 3,
- curve radius B 1200m,
- curve radius C 950m,
- curve radius D 2300m,

- capacity of the conveyor 1200t/h.



Grujic,. M.. vkovic. M. Despodov, Z. — Ecological advantages ...

T&L — 10/06

Okrem toho prvy vysledok ziskany
analyzou technologickych moznosti
aplikaciou horizontalnych zavitovkovych
dopravnikov dokazuje, ze je hospodarne
nahradenie existujiceho systému jednym
dopravnikom.

B
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In addition to the first results obtained by
the analysis of technical possibilities for
applying horizontal curves conveyors,
some analysis prove that there is the
economy of replacing the existing system
with one conveyor.
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Obr. 1 Trasy systému dialkovej dopravy PK Drmno — TEKO A
Fig. 1 The route of the haulage system PK Drmno — TEKO A
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Zaver

Potreba environmentéalnej ochrany pri
doprave uhlia k vzdialenym spotrebitel'om
a skladkam,  stimulovala  odbornikov
k intenzivnemu hladaniu rieenia, ktor¢ by
mohlo  eliminovat  $kodlivé  dopady
prekladacich miest pozdlz dopravnej cesty.
Jednou z najakceptovatelnejsich rieSeni je
aplikacia horizontélnych zavitovkovych
dopravnikov. Hlavnou podmienkou pre ich
Gispednt prevadzku je predchadzat’ v etape
projektovania vietkym moznym situaciam,
ktoré by sa objavili pozdlz dopravnej cesty,
najmid zmenam v napinacej sile aa pri
napnuti pasa.

Conclusion

A need for environmental protection in ore
conveyance to distant consumers and
dumps, induced the experts to search
intensively for solution which would
climinate the harmful impact of reloading
points along the route. As one of the most
acceptable possibilities is the application of
horizontal curves conveyors. The basic
requirement for their successful operation
is to anticipate, in the design stage, all
possible situation which could appear
along the route, especially changes n
tensioning forces and belt tension.
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