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1. INTRODUCTION

Now in Russia significant quantity of the constructive
schemes of high angle conveyors is developed. The
most part of designs is well developed. It has the area
of application both on properties of material
conveyed, on productivity and rational corners of rise.

For rise from deep open pits (and mines) high angle
conveyors with pressing belt are perspective.
Conveyors with pressing belt have received the large
distribution in world practice. Despite of some
constructive  complexity such conveyors have
conclusive advantages in conditions of open pits
especially at large production and large angle of an
inclination.

The large importance has the fact that the design with
pressing belt in the large degree is unified with
standard type conveyors well recommending itself in
conditions of open cast works. Two type contours
with two traditional drives that enable to create
installations with high capacities, and opportunity of
realization of significant speeds of movement - with
high efficiencies. At width of a belt (3 meters ) and
high speeds of movement (to 6m/s) the productivity of
rise of one line can exceed 10000 #/ph.

Thus the continuous clearing of belts is well as in
standard type conveyors, the belts easily give in to
repair and survey, during work. The material
practically is closed between carrying and pressing
belts and this fact has the positively effect for an
ecological situation.

1. UVOD

V sucasnosti sa v Rusku vyvija vela kon3trukcii
strmouklonenych dopravnikov. Vicsina
konStrukcii  je  dobre navrhnuta z hladiska
vlastnosti  dopravovaného materidlu, dopravnej
vykonnosti a uhla stupania. Dopravné pasy urcené
pre velky uhol sklonu pasového dopravnika
a sendvicové dopravné péasy su vhodné pre hlboké

lomy a vo svetovej praxi nasli svoje uplatnenie.

Napriek zlozitej konstrukcii maji mnohé vyhody v
podmienkach povrchovych bani, Specidlne pri
vel'kej dopravnej kapacite a velkom uhle sklonu.
Délezitym faktom je konstrukcia pritla¢ného pasu,
ktord je podobnd v porovnani so S$tandardnymi
typmi dopravnych pasov, ktoré sa pouzivaji v
podmienkach lomov. Dva typy dopravnikov s
dvoma tradi¢énymi pohonmi umoziiuji vytvorenie
inStaldcii s vysokymi dopravnymi kapacitami
a moznostou vysokej  rychlosti  pohybu
dopravného pasu s vysokou uc¢innostou. Pri $irke
dopravného pasu 3m a vysokej rychlosti pohybu
do 6 m.s”', dopravna kapacita jedného pasu moze
byt viac ako 10 000 t.hod.

Kontinualne Ccistenie dopravnych pasov je na
dobrej drovni podobne ako pri Standardnom type
dopravnikov. Pocas prevadzky st dopravné pasy
kontrolované a v pripade poruchy sa [lahko
opravuju. Materidl je prakticky uzavrety medzi
nosnym a pritlacnym dopravnym pasom, o
pozitivne vplyva na ekologicku situdciu.
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2. Parameters and schemes of high angle conveyor
with pressing belt

Analysis of material-, metal and power consumption
of the conveyor with pressing belt in comparison with
the standard type conveyor in Moscow State Mining
University was spent for material of various bulk
density (y=1-27 t/m’), productivity
(2000 - 10000 #/ph). corners of rise (up to 65°) and
height of rise (100-400 m).

So the height of lifting is limited only by total
durability not of one but of two belts it can achieve
300-400 m, depending on productivity.

However conveyor rise on large height by one unit of
the conveyor is not always rational. A tension of belts
on top and bottom (drive and tension) stations can be
so large that the creation powerful and
consuming conveyor unit and engineering structures is
required. The pressure of pressing devices ( especial at
large productivity and corners of rise) can be
commensurable with contact durability of rubber
cover of conveyor belts.

metal

The accounts have also shown, that belts width of high
angle conveyor is greater at 25-20 % and total stability
of both belts is less at 15-20% than standard belt
conveyor has, their total length only with angle of
rise= 357 is greater at 8 %, and with angle of elevation
of conveyor 45 — 05° is less at IS - 40 %
correspondingly.

Taking into account that stability of each belt of high
angle conveyor is more than 1,5 less it should be
expected that total speeding on both belts also must be
lower. Nearly analogous picture is noticed when rope
belts are used.

Thus spending on belts of high angle conveyor are
supposed to be at 20 — 60 % less than speeding of
standard belt one. At the same time speeding on high
angle conveyor are reduced when angle of hoisting is
increased.

Drive of conveyor with cover belt takes the greater
share of total load from 25 to 50 % on itself with
augmentation of angle of elevation.

The mass per unit of high angle conveyor is
considerably higher than the mass per unit of standard
one, but on the whole at elevating height the mass of
metal construction is not more than in 1.5 times
greater than the mass of standard belt conveyor.

The basic difference of a design with pressing belt
offered in the different countries and different firms,
basically consists in a design of pressing modules, in
many respects dctermining  serviceability and

2. Technické parametre a konStrukcie pasového
dopravnika s pritlacnym pasom

V Moskovskej banickej univerzite boli porovnané:

spotreba materidlu  potrebného na skonStruovanie
sendvicového pasového dopravnika a  pevnost

dopravného pasu so Standardnym typom dopravného
pdsu pre materidl s réznou objemovou (y=1-2.7 t/m”),
produktivitou 2000 - 10 000 t.hod ', uhlami stipania
az do 65° a dopravnou vyskou 100 - 400m.

Pricom dopravna vyska je limitovana celkovou
zivotnostou nie jedného ale oboch pasov a mdze
dosiahnut 300-400 m v zavislosti od dopravnej
kapacity.

Nie vzdy je vyhodna dopravna trat pre velky uhol
sklonu tvorend jednym dopravnikom. Napinanie pasov
na vrchnej a na spodnej stanici (pohonnej a vratnej)
musi byt tak velké, aby zodpovedalo vykonu
a konstrukcii pasového dopravnika. Tlak pritlacnych
zariadeni (Specialne pri velkej dopravnej vykonnosti
auhloch  stupania) musi  zohladnovat  kvalitu
gumovych krycich vrstiev dopravnych pdsov.

Vypocty tiez ukazali, ze Sirka dopravnych pdasov s
vysokym uhlom stipania je vacSia o 25-20 % a
celkova stabilita obidvoch dopravnych pasov je nizsia
0 15-20 % v porovnani so Standardnym dopravnym
pasom. Ich celkova dizka pri uhle stapania 35° je
viacsia pri 8% apri uhle sklonu dopravného pdsu
45° - 65% je nizSia 0 15 - 40%.

Vzhladom na fakt, ze stabilita kazd¢ho dopravného
pasu s vysokym uhlom stapania je 1,5 krat nizsia
predpokladd sa, 7ze celkova rychlost oboch
dopravnych pasov musi byt nizsia. Takmer podobna
situdcia je pri pouzivani ocelokordovych dopravnych
pasov. U dopravnych pdsov s vysokym uhlom
stupania je rychlost nizsia o 20 - 60%, nez je rychlost
Standardného dopravného pdsu. S vysokym uhlom
stipania je rychlost’ znizovana pri zvySovani uhla
stipania.

Pohon dopravného pdasu s izolovanym remenom ma
vacsi podiel v ramci celkového zatazenia od 25 do
50% pri zvdcsovani vysSkového uhlu.

Hmotnost dopravného péasu s vysokym uhlom
stipania je znacne vyssia nez hmotnost Standardného
dopravného pdsu, ale v celku pri dopravnej vyske
hmotnost” kovove) konstrukcie nie je viac nez 1,5 krat
vdcsia nez pri hmotnosti Standardného dopravného
pasu.

Zasadny rozdiel  konStrukcie pritlacného  pasu
pondkany v roznych krajinich roznymi firmami sa
skladd z konstrukeii pritlacnych modulov v mnohych
ohladoch uréujtcich prevadzkyschopnost a
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reliability of the conveyor, deterioration of belts, the
complexity of manufacturing etc. It is necessary to
recognize effective the pressing modules capable to
adapt to a configuration of cross section material
conveyed and causing as though "distributed” pressing
on conveyed material. And in connection with an
opportunity of some change of an angle of rise, and
also productivity during exploitation modules should
provide an opportunity of regulation of pressing effort
including on length of the conveyor.

At the Moscow State Mining University the basic
constructive decisions of the offered conveyor are
patented.

The special attention is required a substantiation of
necessary size of pressing of these modules, as its
determine not only contact pressure in the cover of
pressing belt. but also in the certain degree loading on
all system.

It is known that accepting model design with a
pressing belt as a long vessel from condition of
balance of elementary volume of a material having the
arca of cross section of a material on the conveyor F,
and thickness dv we receive the meaning of lateral

pressure
0=y ¢ h ky(sinfd -f cosP k> / f (1)

where:

t - factor of friction a material about a belt.

Kk, - factor dependent on parameters of cross section of
a material (in basic on the relation of average height of
a layer of a material i to length of an average part of
roller b,) and for modern conveyors makes -
0.81-0.95,

k, - factor dependent on width of a belt and the size of
a conveyed material, if width of a belt change within
the limits of 1200 - 2000 mm and sizes of the maximal
piece of 350 mm make - 1.1 - 1.4.

It follows from the formula (/) that the lateral pressure
sharply grows with increase of an angle of rise,
average height of a layer of a material and density of a
material. Other parameters influence insignificantly.

It is known, that the projection of a vector of

longitudinal pressure to a longitudinal axis changes
from size

o, o1+ 2 +24/( 1 +_/'2))

(near to belts) up to

o, =02 2l N 1)

(inan average part of section)

spolahlivost’ dopravného pasu, opotrebenie pasov,
zlozitost vyroby, atd. Je potrebné rozlisovat
efektivnost’  pritlacnych ~ modulov  schopnych
prisposobit’  sa konfiguracii  priecneho  prierezu
dopravovaného materialu a zapricinujucich ako keby "
rozptylené " stlacanie dopravovaného materidlu.
V stavislosti s moznymi zmenami v uhle stupania a
taktiez produktivity pocas tazby by
poskytovat’ moznost’ regulacic pri
dizky dopravného pésu.

moduly

Zékladné konStrukéné navrhy dopravnika st
patentované v Moskovskej  Statnej  Banickej
Univerzite.

Specialnu  pozornost  si vyzaduje  zdovodnenie

potrebnej velkosti pritlaku tvchto modulov v krycich
vrstvach  pasu, ale taktiez aj pri urcitom stupni
zatazenia celého systému.

Ak prijmeme tvrdenie, ze dopravnik s pritlacnym
pasom je dlhou nadobou, potom z podmienky
rovnovahy pociato¢ného objemu materidlu, ktory ma
priecnu plochu prierezu dopravného pasu F a hrabku
d,, dostaneme vypocet lateralneho (boc¢ného) napitia:

o=y ¢ h ki(sinf} -f cosP )k, / f (1)

kde:

f - sucinitel trenia materialu o dopravny pas,

k- sucinitel” zavisly od parametrov prie¢neho prierezu
materidlu (na zaklade vztahu priemernej vysky vrstvy
materidlu £ k dizke priemernej casti valCeka h,), ¢o
pre moderné dopravné pdsy predstavuje hodnotu
sucinitela - 0,81 - 0,95,

k, - stcinitel' zavisly od 3irky dopravného pasu
a fragmentdacie dopravovaného materidlu, ak sa Sirka
dopravného pasu meni v rozsahu od 1200 -2000mm a
velkostou maximalneho kusa je 350mm, potom
sucinitel’ ma hodnotu - 1,1 — 1.4.

Zo vzorca (1) vyplyva, ze bo¢né napitie prudko
vzrastie zo zvySenim uhla stipania, s priemernou
vyskou vrstvy materidlu a s hmotnostou materialu. Iné
parametre ho ovplyviuju zanedbatelne.

Je zname Ze navrhovanie vektora pozdizneho tlaku k
pozdlznej osi sa meni z hodnoty

)
o, o1+ 2f+24/(1+ 7))

(u dopravnych pasov ) az na hodnotu

G, =0, (l +2f% + 2\/(1 + _/'ZX/'Z -’ ))

(v priemernej Casti rezu)
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and depends insignificantly on the height of cross
section of material

(G /oM =13 -15)

here f; - factor of internal friction of a material.

Tangential pressure of friction inside a file on height
h;

T, =g sinf(1-hi/ho) F/U., (2)
g

here U - perimeter of cross section of conveyor.

Thus, in cross section of material there is a point in
which 1, =0 (minimum).

Under certain conditions the layers of a material in
vicinities around this point can lose stability and will
render pressure on lower layers with additional
longitudinal force equal

%= Opp, Fh,- 'Th,‘Uh/ )

where
Thz‘ ’0171 s Fhi ’Uh,- - accordingly pressure of

friction, longitudinal pressure, the area of the
crosssection and area limiting examined volume at

the height of a layer h;, where O-”hi Fh- Z’L'h, Uh-
! 1 ]

The pressure of pressing units must compensate both

lateral pressure and additional longitudinal force.

The accounts have shown that at angle of rise the
unstable zone occurs at conveying rates exceeding
5000 t /ph, and the lateral pressure in this case is
increased at 30 - 35 %. At the angles 3 5 - 65° and
conveying rates more than 5000 - 10000 ¢ /ph the
additional lateral pressure can exceed basic one in
1,5 - 4 times [3].

The estimate is considered on unit of length of the
conveyor. Irregularity of current of material and even
the insignificant changes of pressure on large
conveyor cause necessity of significant excess of
settlement pressure  of  pressing devices. The
settlement pressure depends on many factors: of
internal friction of a material, factor of friction of
material about a belt, bulk density , degree of filling of
a cross section of conveyor etc.). The insignificant
change of these sizes can break steady movement of
material. Therefore it is considered to be more rational
to represent rise by the separate conveyor modules of
small size (for example on 100m of hoisting)
It frequently is rational and from the organizational
point of view.

a zanedbatel'ne zavisi od vy$ky priecneho prierezu
materidlu

max min _
o, /0, =13-15
kde: f, — st¢initel’ vnutorného trenia materialu.

Tangencidlne (kontaktné) napitie ztrenia vo vniitri
dopravného pdsu v zdvislosti od vySky h; bude:

Th_ =vyg sin B(1-h; /hy) F/U , (2)
1

kde: U — dizka uzavretej krivky prie¢neho prierezu
dopravného pésu.

V prie¢nom priereze materialu je bod, v ktorom 1, =0
(minimum). Za ur¢itych podmienok vrstvy materialu v
okoli tohto bodu mdzu stratit stabilitu a prenesi
napitie na nizsie vrstvy s pridavnym pozdiznym
napdtim, ktoré sa rovna:

Oo= Opp, Fh,- “Th, Uh,- 3) &

kde:
Ty Op Fp Up -

adekvatne napitie

v dosledku trenia, pozdizne napiitie, plocha prie¢neho
prierezu a vymedzend plocha skdmaného objemu

podla vysky vrstvy h;, kde: O-nh, Fh[ ZThi Uh .
4

Napitie stlacanych jednotiek sa musi vyrovnat obom
bo¢nym tlakom aj pridavnej pozdlzne;j sile.

Vysledky ukazuju, Ze sa vyskytuje nestabilna zéna pri
uhle stiipania s dopravnou vykonnostou vé$¢ou ako
5000 t/hod. Bo¢né napitie sa v tomto pripade zvySuje
o 30-35%. Pri uhloch 35-65° a dopravnych
vykonnostiach vy33ich nez 5000-10000 t/hod. moze
pridavné bo¢né napdtie prevysit hlavné napétie
1,5 - 4 krat [3].

Odhad je stanoveny na jednotku dizky dopravného
pasu. Nepravidelnost' toku materidlu a taktiez aj
zanedbatelné zmeny napdtia na dopravny pas
vyvolavaju potrebu vyrazného prirastku
vyrovnavajiceho napditia pritlacnych zariadeni. Toto
napitie zdvisi od mnohych faktov: vnitorného trenia
materialu, sa¢initel’a trenia materialu o dopravny pis,
objemovej hmotnosti, stupfia plnenia prie¢neho
prierezu dopravného pasu, atd. Aj zanedbatelna
zmena tychto parametrov moze narusit’ plynuly pohyb
materialu. Z toho hl'adiska sa povazuje za logickejsie
zobrazovat’ stupanie pre oddelené dopravniky
(moduly) o malej velkosti (napriklad na 100m
stipania). Taktiez aj z organizacného hladiska je to
ovela logickejsie.
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3. The radius of transitive curve

One of the most complex (difficult) units of
such  scheme 1s the loading complex.
Basic parameter of loading unit is radius of a
transitive curve determining the most parts of its
sizes.

As the review of the references has shown, there
are some methods ot definition minimum
allowable radius of a transitive curve on
conveyors. The common requirements to radius
of transitive curve - absence of rise of a belt
above fluted form and
number of others -for high angle conveyor with
pressing belt are not determining, as the
pressing belt either interferes the occurrence or
reduces to its minimum. At the same time there
1s a new requirement — absence of overexertion
in both belts on curve. If we examine the system
« belt
necessary consider that the vertical curve should
t be projected that not
deflection or excessive pressure in any parts of

of

rollers, preservation

-material-belt» as an elastic beam, 1t i1s

SO does cause a
cross section of belts. Thus the elastic body 1s
exposed to tension and bend simultancously, it
tests a total pressure from these two quantities.

limited as
excessive pressure of carried belt and cover belt.

Radius of a transitive curve can be

Some layers of both belts work on a stretching,
others on compression.

For example radius of a transitive curve of high
angle conveyor by productivity Q = 5000 t/ph;
corner of rise B =45°; bulk density y =271/ m";
and height of rise 4 = 100 m is limited by
pressure arised on an internal surface of carrier
belt. The accounts have shown, that its size if
the dynamic module of elasticity of a layer of
belt =3000 N/mm makes 55m. Varying size of a
preliminary tension of carrier belt and type of a
belt, it is possible to reduce the received size
considerably (up to15-30 m).

The features of a design of conveyors with
pressing belt allow to simplify the scheme of
conveyor rise from open pits with a complex
configuration of a board. The application of
belts with low meanings of the module of
elasticity (E~10° - 2#10°Y/m’ ) causes meanings
of vertical radiuses of a curve of a belt not more
than 15-50 m. This allows to create compact
units of an overloading from the standard type
of conveyor to high angle conveyor and on the
contrary.

9

3. Polomer prechodovej krivky

Jednou z najzlozitejsich jednotick takejto schémy je
komplex plnenia dopravného pdsu.  Zikladnym
parametrom plniacej jednotky je polomer prechodovej
krivky.

Prehlad literatry uvadza metoédy definujice
minimdlny povoleny  polomer prechodovej krivky
dopravnych pasov. VSeobecne poziadavky na polomer
prechodovej krivky - absencia stipania dopravného
pasu nad valceky, zachovanic korytkového tvaru
avela dalSich nie st urcujice pre strmoukloneny
dopravny pds s pritla¢nym pasom, ked pritlacny pas
bud® ma minimalnu hodnotu alebo sa redukuje na
minimdlnu hodnotu polomeru prechodovej krivky.
Stcasne je tu nova poziadavka - absencia namdhania
dopravnych pdsov v oblukoch. Ak budeme skamat
systém"dopravny pds -materidl
pruzny nosnik, je potrebné zohladnit, ze vertikalny
oblik by mal byt navrhovany tak, aby nezapricinil
odchylku alebo nadmerny tlak v akychkol'vek ¢astiach
prierczu dopravnych pasov. Takto je pruzné teleso
vystavené napitiu a sucasne je namdahané na ohyb a
vykazuje celkovy tlak pozostivajuct z tychto dvoch
velicin.

dopravny pds "ako

Polomer prechodovej krivky moze byt limitovany
nadmernym tlakom nosného  dopravného  pdsu
a pritlacného dopravného pdasu. Niektoré vrstvy oboch
dopravnych pasov st namahané na tah iné na tlak.

Naprikiad polomer prechodovej krivky
strmoukloneného  dopravného  pasu s pritlatnym
pasom s produktivitou Q = 5000t/hod, uhlom stipania
B = 45° objemovou hmotnostou y = 2.,7thod. a
vyskou stdpania H = 100m je limitovany vzniknutym
tlakom na vnuatornom povrchu nosného dopravného
pasu. Vysledky ukazujt, ze pri vel'kosti dynamického
modulu pruznosti vrstvy pasu - 3000 N/mm je vyska
stupania 55m. Je mozné zredukovat vel'mi velku
hodnotu (do 15-30 m) vzhladom na r6éznu velkost
ociato¢ného napdtia nosného dopravného pasu a typu
dopravného pasu.

Charakteristické znaky konStrukcie strmoukloneného
dopravnika s pritlatnym pasom dovoluji zjednodusit
schému stipania dopravného pdsu z lomov pri
komplexe konfigurdcie terénu. Aplikdcia dopravnych
pasov. s nizkym modulom pruznosti
(E~10° - 2%10°“/m”) sposobuje, ze vertikalne
polomery oblika dopravného pasu nemozu byt vacsie
ako 15 - 50m. Tento fakt dovoluje vytvorenie
strmoukloneného dopravného pdsu  z pretazenych
kompaktnych jednotiek Standardného typu
dopravného pdsu a naopak.
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4. The example of conveyor rise in deep open pit

For example, in the project of conveyor rise of one
open pit the installation of 4 elevating conveyors, 3
from which-high angle conveyors (accordingly f=45°,
B =65° 3=45°) and I-standard type conveyor (fig. 1)
is supposed.

4. Priklad stipania dopravného pasu v lome

Napriklad v projekte stipania dopravného pdsu v lome
je navrhovand instaldcia 4 elevatorov, z ktorych tri sa
strmouklonené dopravniky s vysokym uhlom stipania
( priblizne =45° [=65° f3=45°) a jeden Standardny
dopravny pas.

ITigh angle conveyors

Standarxd type of conveyors

Fig.1 Scheme of conveyor lifting with 4 conveyors.
Obr. 1: Schéma stipania dopravného pdsu so 4 dopravinymi pasmi

Accepting probability of non-failure operation of the
conveyor P (t) =0,98 we have probability of system of
rise P (1) = 0,98".

5.CONCLUSION.

Practically unlimited angle of rise, application of a
plenty of the unified units of standard Type of
conveyors, sharp decrease of expenses of labour,
improvement of economic parameters, reduction of
volume of mining capital works, improvement of an
ecological situation at open pits and many other
advantages considered high angle conveyor is
represented extremely perspective for angles of rise
exceeding 30°.
Our researches allow and have the purpose to
determine exact parameters of this conveyor for
introduction high angle conveyor with pressing belt in
practice of deep open pits.

Prijatim pravdepodobnosti  bezporuchového chodu
dopravného pasu P(t) = 0,98, mame pravdepodobnost’
stipania systému P(t) = 098",

5. ZAVER

Strmoukloneny dopravnik je vel'mi perspektivny pre
uhly stupania prekracujuce 30° a vzhladom na jeho
prakticky neobmedzeny uhol stipania, aplikdciu
vel'kého poctu jednotnych celkov standardného typu
dopravnych pasov, vyrazné znizenic prevadzkovych
nakladov, zlepSenie ekonomickych  parametrov,
znizenie objemu banskych prac, zlep3enie ekologickej
situdcie v lomoch a pre mnohé iné vyhody.

Cielom naSich odbornikov je urcenie presnych
parametrov  tohto  dopravnika  pre  uvedenic
strmoukloneného dopravnika s pritlatnym pasom do
praxe v lomoch.
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REFERENCES / LITERATURA

[1] Diakov V., et al.1982. "THE BELT CONVEYORS IN A MINING INDUSTRY".
Under edit. A.O.Spivakovsky , p336-345. (Nedra, Russia).
[2] Sheshko E. Kartaviy A. 1998. “EFFECTIVE TRANSPORT FOR DEEP OPEN CAST MINES.”

[3] Sheshko. E. et al.1975.” Experimental definition of pressure conveyed material on pressing belt of
high angle conveyor.” Collection.” Mine and open cast mine transport,”’p85-91. (Nedra, Russia).




