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BELT CONVEYORS IN MINING

ISPITIVANJA POGONSKIH SISTEMA TRANSPORTERA
SA TRAKOM U RUDNICIMA
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poslednih godina.

Abstract: : The operational properties of the drives equipped with frequency converters or hydrodynamic
couplings of a constant fill-up, used in belt conveyors, are described in the paper. The analysis of the
results of the industrial investigations of belt conveyor confirmed the advantages of the tested
hydrodynamic couplings with constant filling. The results of the tests and some important installations of
belt conveyors, equipped with the drives of this type and implemented within the recent years, are
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Apstrakt: U ovom radu su opisana radna svojstva pogona opremljenih frekventnim pretvaracima
(konvertorima) ili hidrodinamickih spojnica sa stalnim punjenjem, koji se koriste u transporterima sa
trakom. Analiza rezultata industrijskih proucavanja transportera sa trakom potvrdila su prednosti
ispitanih hidrodinamickih spojnica sa stalnim punjenjem. Ovde su predstavljeni rezultati ispitivanja i
znacajnija postrojenja transportera sa trakom, opremljenih pogonima ovog tipa i koji su pusteni u rad

Kljucne reci: Pogonski sistemi transportera sa trakom, frekventni pretvaraci, hidrodinamicke spojnice.

I INTRODUCTION

Drives with induction motors. controlled with
frequency converters. must be equipped  with
flexible couplings and gears. most often of the

planctary type. to obtain a high value of the

torque at a low value of rotations. In the drives of

this type the advantages of asynchronous motors
for the voltage of 500 and 1000 Volts (and
higher) are fully used.

current

voltage

In the mining voltage and
frequency converters are used. The
converters are constructed with transistors and
the current with thyristors. The

frequency converters under discussion are power

practice

converters

1 UVOD

Pogoni  sa  indukcionim  motorima, kojima
upravljaju frekventni  pretvaraci, moraju  biti
opremljeni fleksibilnim spojnicama I

zupCanicima, najceSée planctarnog tipa. kako bi
se dobile visoke vrednosti obrtnog momenta kod
malog broja rotacija. U pogonima ovog tipa
prednosti asinhronth motora za napon od 500 i
1000 volti (i viSe) u potpunosti su iskoriscene.

U rudarskoj praksi koriste se napon i frekventni
pretvaraci za struju. U naponske pretvarace  su
ugradeni tranzistort i pretvaraci za struju-sa Liristorima.

Frekventnt - pretvara¢i - o kojima — govorimo — su
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electronic equipment designed for a start-up and
soft rotational speed control of asynchronous
motors in both directions.

1 OPERATIONAL PROPERTIES OF
STATE OF THE ART BELT CONVEYORS

1.1 Belt conveyors drives equipped with
frequency converters

The programmable microprocessor controller,
installed in the current frequency converter,
enables its operation in the systems of an
automatic speed control of belt conveyors. The
converter control system renders it possible to
adjust the time of reaching the required start-up
speed (rotations), the braking current (also at
changing the direction of rotations). a limitation
of overloading, type of breaking (regenerative
breaking. dynamic braking or lack of braking).
The basic advantages of belt conveyors with the
drives equipped with frequency converters
include:

—a soft start of a belt conveyor which does
not cause voltage drops in the mains,

—a reduction of the belt tension during the
start-up, which enables to use the belts of a
lower strength,

—a flexible control of the torque and of the
rotational speed of the motors, thus also of
the beit speed in a function of the run-of-
mine, a possibility of men-riding at a safe
speed,

—a resistance to disturbances and changes of
the mains parameters,

—a possibility of a flexible change of motion
direction,

—a possibility of a full automation of the
transportation system,

— significant savings of electric energy,

—an increase of the conveyor’s life, mainly of
its belt and rollers due to a two-fold smaller
number of the belt circulations along the
conveyor,

—a nearly ideal equalization of loads among
the motors, driving one conveyor, which
enables to use multi-drum drives and
intermediate drives,

—a smaller release of heat and an operation at
reduced noise,

snazna elektronska oprema namenjena za pocetnu
i meku (slabu) rotacionu regulaciju brzine
asingronih motora u oba pravca.

1 RADNA SVOJSTVA TRANSPORTERA SA
TRAKOM NAJVISEG STEPENA RAZVOJA

1.1 Pogoni transportera sa trakom opremljeni
frekventnim pretvarac¢ima

Programabilni mikroprocesorski kontroler
(mikroprocesor), koji je ugraden u frekventni
pretvaraC, omogucava njegov rad u sistemima sa
automatskom regulacijom brzine transportera sa
trakom. Sistem regulacije pretvaraca omogucava
da se podesi vreme dostizanja traZzene pocetne
brzine (rotacija), iskljucenja (takode u menjanju
pravca rotacija)., ograni¢enje preopterecenja,
vrstu iskljucenja  (regenerativno iskljucenje,
dinamicko iskljucenje ili odsustvo iskljucenja).
Osnovne prednosti transportera sa trakom koji
imaju pogon opremljen frekventnim pretvaracima
su sledece:

—slabi start transportera sa trakom koji ne
uzrokuje pad napona u mrezi,

—smanjenje naprezanja trake za vreme
pokretanja. Sto omogucava koriscenje traka
manje snage,

— fleksibilna regulacija obrtnog momenta i
rotacione brzine motora, a prema tome |
brzine trake tokom rada rudnika, moguénost
prevoza ljudstva pri bezbednoj brzini,

—otpornost na smetnje i promene parametara

mreze,

—mogucnost fleksibilne  promene  pravca
kretanja

— moguénost potpune automatizacije

transportnog sistema,
—znacajna usteda elektricne energije,
—povecanje  veka trajanja  transportera,
uglavnom njegove trake i njegovih valjaka,

zahvaljuju¢i  dvostruko  manjem  broju
cirkulacija trake duz transportera,
—skoro idealno ujednacenje  opterecenija

motora, koji pokrecu jedan transporter, $to
omogucava koriS¢enje prenosa sa  vise
bubnjeva i posrednog prenosa,

—manje izbacivanje toplote i rad u manje
bu¢nom okruzenju,
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—regenerative braking with return of energy
to the mains,

—an operation at a full cross-section of the
trough, which enables a temporary storage
of the run-of-mine on the belt and thus the
conveyor plays a role of a storage tank of
big volume.

New designs of asynchronous motors, controlled
with current frequency converters. are presented
by the Breuer Motoren Company. These motors
of the power 250. 400 and 1000 kW for the
voltage of 1000 Volts, are integrated with the
block of the current frequency converter and with
the electronic system. These units are installed in
the explosion—proof casing with a flame-proof
screen and can be used in underground, gasous
mines, in the workings of the explosion hazard
“a” b and et

The control system of the motor/ppc unit receives
the data from the sensors installed in the unit and
communicates with the master unit. Tests of
these motors  have that the maximal
torque (lasting up to 30 s) should not exceed 1.5
ot the rated torque. which enables to avoid a
damage to the motor/ppc unit. The supply voltage
cxceeding 1100 Volts is transformed for the
voltage of 1000 Volts in a special transforme:
and conducted to the current frequency converter.

proved

In Figure | the power electronic part of the current
frequency converter, type PPC 2/3 is shown. The
scope of speed control varies from 5 to 55 Hz and
the maximal power of motors reaches 510 kW.

intermediate
ircuit

regenerativno isklju¢enje sa  povracajem
energije u mrezu,
—rad na punom preseku udubljenja, $to
omogucava privremenog skladiStenja
rude na traci pri ¢emu transporter igra

ulogu rezervoar skladiStenja velikog
kapaciteta.
Novi nacrti za asinhrone motore, kojima
upravljaju  frekventni pretvara¢i za struju,

predstavila je kompanija Breuer Motoren. Ovi
motori, snage 250, 400 i 1000 kW za napon od
1000 volti, integrisani su u blok frekventnog
pretvaraca za struju i u elektronski sistem. Ove
jedinice su instalirane u kuciste otporno na
eksploziju sa nezapaljivom pregradom i moze
se  koristiti u  podzemnim. metanskim
rudnicima, u  jamama pod opasnoicu od
eksplozije “a”, “b™ i ¢

Regulacioni sistem  motome/ppe  jedinice  dobija
podatke od svih senzora koji su instalirani u jedinici i
u kontaktu je sa glavnom jedinicom. Ispitivanja ovih
motora su pokazala da je maksimaini obrtni momenat
(koji traje do 30s) ne treba da prede 1.5 nominalnog
obrtnog momenta, Sto omogucava da se izbegne
ostecenje motorne/ppe jedinice. Napon napajanja koji
prelazi 1100 volti pretvara se u napon od 1000 volti u
specijalnom  transformatoru i sprovedi se  to
frekvetnog pretvaraca za struju.

Na slici 1 je prikazan elektronski deo strujnog
frekventnog pretvaraca, tip PPC 2/3. Raspon
regulacije  brzine varira od 5 do 55 Hz a
maksimalna snaga motora dostize 510 kW.

Figure I diagram of power electronic system of frequency converter, type PPC 2/3
slika 1 Grafikon elektro-elektronskog s istema frekventnog pretvaraca, tip PPC 2/3
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The mechanical characteristics of an asynchronous
motor of the power 250 kW. controlled by a
current frequency converter is shown in Figure 2.

Mehanicke karakteristike ansinhronog motora
snage 250 kW, kojim upravlja strujni frekventni
pretvarac prikazane su na slici 2.
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Figure 2 Mechanical characteristics of asvnchronous

motor, controlled with current frequency converter

slika 2 Mehanicke karakteristike asihnronog motora, kojim upravlja strujni frekventni pretvarac

A control of the rotational speed from 0 to 1500
rev/min is carried out directly at a constant rated
torque M = const. An instantenous overloading of
the motor during the period of 30 s, in relation to
the motor construction, can vary from 150 to
170% of the rated torque or rated power. The
required current intensity at a low speed is small
Lo the current
intensity below the full speed. The heat generated
in the rotor is minimal in comparison with an
asynchronous motor. The number of the motor
start-ups unlimited normal operational
conditions.

due o linear characteristic ol

1S n

1.2 Hydrodynamic couplings in belt conveyors

Hydrodynamic couplings with constant fill of T,
TV, TVV and TVVS type and fill-controlled
ones of TPKL and DTPK type produced by
Voith-Turbo GmbH (Germany) are applied in
drives of belt conveyors equipped with an
inductive one-speed motor. Mineral oil or water
are used as operating medium. Owing to their
working principle (the Foettinger effect) these
couplings installed in the drive chain between
motor and toothed gear enable to reduce the
torque transferred from motor to machine.
Torque transferred by the motor is converted into
the kinetic energy of operating liquid at the pump
wheel, which is connected to the drive motor. At
the turbine wheel the kinetic energy is converted
back into the mechanical one. Hydrodynamic
couplings can transfer only as much torque as
their mechanical characteristics allow and that

Regulacija rotacione brzine od 0 do 1500 obrtaja
u minutu se vrsi direktno pri konstantnom
nominalnom obrtnom momentu M const.
Trenutno preoptereéenje motora tokom perioda
od 30 s, s obzirom na konstrukciju motora, moze
varirati od 150 do 170% nominalnog obrtnog
momenta ili nominalne snage. Potreban intenzitet
struje pri maloj brzini nije veliki zbog linearnih
karakteristika intenziteta struje ispod pune brzine.
Toplota koja se stvara u rotoru je minimalna u
poredenju  sa  asinhronim  motorom.  Bro)
pokretanja motora je neogranicen u uobicajenim
radnim uslovima.

1.2 Hidrodinamicke spojnice na transporterima

Hidrodinamicke spojnice sa stalnim punjenjem T,
TV, TVV i TVVS tipa i tipa TPKL i TPK sa
regulacijom punjenja, koje proizvodi Voith-Turbo
GmbH (Nemacka) primenjuju se u pogonima
transportera  sa trakom koji su opremljeni
induktivnim jednobrzinskim motorom. Mineralno
ulje (sirova nafta) ili mineralna voda se koriste kao
radni medijum. Zahvaljuju¢i njihovom radnom
principu (Foetingerov efekat) ove spojnice, koje su
instalirane u pogonskom lancu izmedu motora i
zupCastom zupCaniku, omogucavaju smanjivanje
obrtnog momenta koji se prenosi iz motora u
masinu. Obrtni moment koji prenosi motor pretvara
se u kineticku energiju pogonske te¢nosti na tocku
pumpe, koji je povezan za pogonski motora. Na
tocku turbine, kineticka energija se pretvara ponovo
u mehani¢ku. Hidrodinamicke spojnice mogu da
prenesu onoliko obrtnog momenta koliko im
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value is independent from the power of the
motor. Motor can be put in motion very
rapidly (from 1 to 2 s) despite of the belt
conveyor type, so that the area of high power
consumption is quickly passed and thermal
ballast of the motor is very small.
Hydrodynamic  coupling  absorbs  heat
produced during the belt conveyor start-up.

Thanks  to  their advantages over 250
hydrodynamic couplings with constant fill are

applied in the Polish underground coal mines.

Couplings of the TV and TVV type with delay

chambers are suitable for the belt conveyors of

medium length. where the start-up torque is
limited adequately to 1.6 and 1.4 of the normal
demand torque. During the start-up of empty belt
conveyor the transferred torque is lower than the
rated torque input. which contributes to the
smooth belt load, Figure 3.

dozvoljavaju njthove mehanicke karakteristike i ta
vrednost je nezavisna od od snage motor. Motor se
moze veoma brzo staviti u pogon (od 1 do 2s) bez
obzira kog je tipa transporter sa trakom, tako da se
podrucje velike potrosnje energije brzo prelazi a
termicko  opterecenje  motora je veoma malo.
Hidrodinamicna spojnica apsorbuje toplotu koja se
stvara tokom pokretanja transportera sa trakom.

Zahvaljuju¢i  svojim  prednostima, preko 250
hidrodinamickih spojnica sa stalnim punjenjem
se koristi u poijskim podzemnim rudnicima uglja.

Spojnice tipa TV i TVV sa komorama za zadrzavanje
su pogodne za transportere sa trakom srednje duzine,
gde je pocetni obrtni moment ograni¢en srazmerno na
1.6 i 1.4 obrtnog momenta uobicajene potraznje
(zahteva). Za vreme pokretanja praznog transportera
sa trakom preneseni obrtni moment je manji nego
nominalni ulaz obrtnog momenta, $to  doprinosi
ravnomernom opterecenju trake. slika 3.

_—- TV
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Figure 3 Changes of torques transferred by hydrodynamic couplings of various constructions as the

Junction of start-up time; M, M, M, — motor torque, coupling torque and conveyor resistance torque
Slika 3 Promene obrmih momenata prenesenih putem hidrodinamicnih spojnica razlicitih konstrikeija kao funkeija
pocetnog viemena; M, M, M, — motomi obrni moment, obrini moment spojnice i obrini moment otpora tramsportera

Work of hydrodynamic coupling is possible
owing (o slip accompanied by proportional
warming up of the operating medium. Carrying
off the heat takes place through the surface of
coupling enclosing shell or — in case of the water
flow fill-controlled hydrodynamic couplings — in
the special cooling unit. The operating liquid
temperature  should not be higher than 60°C
above the environment one.

Frequency of one-after-another  start-ups and
unfavourable environmental conditions,  which
influence carrying away of the heat from the
coupling, are factors which can make application of
particular type of hydrodynamic coupling difficult.

Main criteria of hydrodynamic coupling selection
are rated power input and rotations of the

Rad hidrodinamicke spojnice je mogué zbog
klizanja koje prati proporcionalno zagrevanje
radnog medijuma. Odvodenje toplote vrii se
preko povisine obuhvatne Skoljke spojnice ili —
u slucaju  hidrodinamickih  spojnica  sa
regulacijom punjenja vodom - u specijalnim
rashladnim jedinicama.  Radna temperatura
tecnosti ne treba da bude visa od 60°C iznad
sobne temperature.

UCestalost  pokretanja jednog za drugim i
nepovoljni facijelni (ekoloski) uslovi, koji utic¢u
na odvodenje toplote iz spojnice, su faktori koji
mogu da otezaju primenu odredenog tipa
hidrodinamicke spojnice.

Glavni  Kiriterijumi za izbor hidrodinamicke
spojnice su nominalna snaga na ulazu i rotacije



























