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E mnquars msfailéd in high lengih longwails c}zanges compare to conventzgnal ones. Htgh

values and amplztudes of dynamic loads in scraper conveyors might result in scraper chain
bmakage and nght also have disadvantageous influence on drives life. The automatic
initial chain tension system (NRW system) will be presented in this paper. The results of
computer aided mvestzgatzans that show the posszbzizizes of dynamic loads reductzon in a
200 m Ieng h scraper cenveyor wzll also be included. 4 7
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1 UVOD

Ako vysledok existujucej tendencie ku
zmen3eniu poctu dlhych dobyvacich stien
a konStantného  zvySovania  dobyvania
z jedného porubu sa neustale zvysuje zat'az
na dobyvacie stroje. Vyznamnu tulohu
medzi porubovymi strojmi zohravaju
hrablové  dopravniky. = Moézu byt
inStalované v stenach s dizkou az 400
metrov. Vybavené asynchrénnymi
motormi s celkovym vykonom aZ do, alebo
dokonca az nad 2x1000 kW umoziiuji
dosiahnut’ efektivnost’ presahujiicu 10 000
t/d [2].

PoCas cCinnosti hrablového dopravnika,
v dosledku existujucich odporov  voéi
pohybu, premenlivého zataZenia
v pricbehu  dobyvania a mechanickych
vibricii, je retaz dopravnika vystavena
elastickym predizeniam s neustile sa
meniacou  hodnotou. V zivislosti na
vztahu medzi odporom vo&i pohybu
v hornej a dolnej Casti pasu a koeficienta
rozdelenia vykonu, sa elastické predizenia
retazi dopravnika kumuluji do bodu
odtahu od hnacieho retazového kolesa
pomocného pohonu, hlavného pohonu,
alebo stbezne v susedstve oboch hnacich
retazovych kolies. S ciefom kompenzacie
elastickych prediZeni, ktoré sa vyskytuja
poCas prevadzky dopravnika, sa retaz
dopravnika na zaliatku napne. Hodnota
pociatoéného napnutia, ktora Je nastavena
na dopravnikoch s velkou dlZkou, je vo
véacsine pripadov prili§ nizka a vedie ku
stavu pravidelného uvolnenia retazi. Toto
Jje najnevyhodnej$i dynamicky stav retazi
na hrablovom dopravniku [1].

V suvislosti s tymto by mali byt moderné
hrablové dopravniky vybavené
automatickym systémom, ktory by zmenil
hodnotu pévodného zvy$kového napnutia
retaze vbode odtfahu od hnacieho
retazového  kolesa v zavislosti na
aktudlnych odporoch vo& pohybu na
hornej adolnej vetve, mechanickych
vibracidch a okamzitych zataziach podla
prevadzky.

Vyhody, ktoré vyplyni =z aplikicie

1 INTRODUCTION

As a result of existing tendency to decrease
the number of longwalls and constant
increase of output from one face, the load
of face machines increases constantly.
Significant role among face machines is
played by scraper conveyors. They might
be installed in longwalls 400 m length.
Having asynchronous motors with total
power up to or even above 2x1000 kW
they allow to reach efficiency that exceeds
10 000 t/d [2].

During scraper conveyor operation, as a
result of existing motion resistances,
variable run-of-mine load and mechanical
vibrations, conveyor chain is having elastic
elongations with permanently altered
value. Depending on relation between
motion resistances in top and bottom
strands and power distribution factor the
elastic elongations of conveyor chains
cumulate in the run-off point from the
drive sprocket of the auxiliary drive, main
drive  or  simultaneously in  the
neighborhood of both drive sprockets. In
order to compensate elastic elongations
that appear during conveyor operation the
conveyor chain is initially tensed. The
value of initial tension that is set in high
length scraper conveyors is in most cases
too low and leads to the state of periodical
slack of the chains. It is the most
disadvantageous dynamic state of chains in
a scraper conveyor [1].

In relation with above modern scraper
conveyors should be equipped with an
automatic system that would change the
value of initial residual chain tension in
run-off point from the drive sprocket
depending on occurring motion resistances
in top and bottom strands, mechanical
vibrations and instantaneous run-of-mine
loads.

The advantages that arise from the
application of such a system can be
verified theoretically using dynamical
model of a scraper conveyor equipped with
an automatic residual initial chain tension
follow-up system (named NRW system).
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takéhoto systému sa mozu teoreticky
overit s pouzitim dynamického modelu
brablového  dopravnika  vybaveného
automatickym  systtmom  sledovania
zvyskového pociatoéného napnutia retaze
(nazvané¢ho systém NRW). Aplikacia
pocitatovych simulacii S pouzitim
dynamického modelu hrabl'ového
dopravnika umozZiuje ziskat dynamicku
charakteristiku sledovaného hrabl'ového
dopravnika bez potreby konStrukcie
drahych prototypov a experimentalnych
wvyskumov. Matematické modelovanie
& pocitacové simulacie, ktoré vedi ku
mizeniu vydavkov na vyskum su
aplikované v banskych strojoch ako su
drvice, frézovacie stroje, systémy Stitovych
vvstuzi alebo pasové dopravniky.

2 AUTOMATICKY _ SYSTEM
SLEDOVANIA ZVYSKOVEHO
POCIATOCNEHO NAPNUTIA
RETAZE

Hodnota zvySkového pociatocného

napnutia retaze v bode odtahu od hnacieho
refazového kolesa v dynamickom modeli
hrablového dopravnika bola zvolena ako
diagnosticky  signdl, ktory umoziuje
kontinudlne vyhodnotenie stavu napnutia
refaze  dopravnika v meniacich  sa
prevadzkovych podmienkach [1]. Bola
splikovand  ako  kontrolny  signal
v automatickom  systéme  sledovania
zvyskového pociatoéného napnutia ret'aze
systtm NRW). Jeho hodnota sa da
rypocitat’ s pouzitim vzorca 2.1.
Kontrolovanym signdlom na hrabl'ovom
iopravniku vybavenom tymto systémom je
ilZka profilu ret’aze.

The application of computer aided
simulations with utilization of dynamical
model of a scraper conveyor allows to
obtain dynamic characteristics of an
investigated scraper conveyor without
necessity of building expensive prototypes
and carrying experimental investigations.
Mathematical modeling and computer
aided simulations that lead to reduction of
research expenses find application in
mining machines such as shearers, road
headers, shield support systems or belt
CONveyors.

2 AUTOMATIC
INITIAL CHAIN
FOLLOW-UP SYSTEM

RESIDUAL
TENSION

The value of residual initial chain tension
in the run-off point from the drive sprocket
in dynamical model of a scraper conveyor
was chosen as a diagnostic signal that
allows continuous evaluation of state of
conveyor chain tension in variable
operational conditions [1]. It was applied
as a control signal in the automatic residual
initial chain tension follow-up system
(NRW system). Its value can be computed
using formula 2.1. The controlled signal in
a scraper conveyor equipped with this
system is chain  contour length.
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S?K(H) =Zyyg 'H[ ] lk(lx )1x(j41) ; (qh:j = q1K(j—1))+ (1) - (%q - Q1K(j_1))+ S1KjJ (2.2)
e .,
k=1,2
where/ kde:
h - Equivalent dumping coefficient of additional longitudinal vibration dumpers in chains/
Ekvivalentny timiaci koeficient dodatocnych pozdiznych timicov vibrdcii v retaziach,
H[] - Heaviside’a function/ Funkcia Heaviside'a,

k(ly) - Variable specific rigidity of elastic tie of chain/
Premenliva Specificka tuhost elastického retazca clanku,

q - Translational coordinates/ Prenosové koordinaty,
S - Static loads in chains/ Statické zataZenia v retaziach,
t - Time measured from the moment of switching the first drive on/
Cas namerany od momentu zapnutia prvého pohonu,
1= - Coefficient that determines link clearance place/
Koeficient, ktory uréuje miesto vole ohnivka,
L - Chains tear coefficient/ Koeficient opotrebovania retaze,
(0] - Rotational coordinates/ Rotacné koordindty
Hodnota zvySkového pociato¢ného The value of residual initial chain tension

napnutia retaze vbode odtahu od
refazového hnacieho kolesa moze patrit
k jednej z troch zén, ktoré boli spomenute.
V pripade, Ze vsetky body dynamickych
charakteristik zvy$kového pociato¢ného
napnutia retaze zaloZenych na Case patria
do zony ¢&islo jedna, tak bola retaz
dopravnika prili§ napnuta. Prevadzka
takéhoto  hrablovom  dopravnika je
charakterizovana zvySenymi odpormi voci
pohybu na krivoGiarych segmentoch,
zvysenou spotrebou energie, rychlejsim
abrazivnym opotrebovanim retaze ako
vysledok rasticej trecej sily v spojoch,
zvysenej zataze lozisk retazového kolesa
a hnacich ramov.

in the run-off point from the drive sprocket
might belong to one of the three zones that
were distinguished. If all points from the
time based dynamic characteristics of
residual initial chain tension belong to the
zone number one, the conveyor chain was
strained too much. The operation of such a
scraper conveyor is characterized by
increased motion resistances on curvilinear
segments, increased power consumption,
faster chain abrasive wear as a result of
growing friction force in joints, increased
loading of chain sprocket bearings and
drive frames.

The second zone is the area where a
scraper conveyor operates properly. If all
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Druhou zénou je oblast, kde hrablovy
dopravnik pracuje normélne. V pripade, ze
vietky body dynamickych charakteristik
zvyskového pociato¢ného napnutia retaze
zaloZenych na Case su kon$tantne v tychto
zonach, tak to znamena, Ze pociatocné
napnutie retaze bolo spravne nastavené pre
aktualne podmienky zat'azenia hrablového
dopravnika.

Ak vsetky body zvazovanej dynamickej
charakteristiky patria do zony tri, potom
bola hodnota povodného napnutia retaze
nastavena pocas odstavky dopravnika prili§
nizka.

V zavislosti na zone, ktora obsahuje body z
dynamickych charakteristik zvySkového
pocCiatoéného napnutia retaze zaloZenych
na Case, prislusny aktivator sposobi zmenu
profilu retaze nadvihnutim hnacieho ramu.
Ak je hodnota zvySkového pociatocného
napnutia retaze v bode odtahu od hnacieho
retazového kolesa prili§ nizka (zéna tri),
potom aktivator systému NRW predizi
dizku profilu retaze zdvihnutim hnacieho
ramu smerom von z dopravnika. Ak je
hodnota kontrolného signalu prili§ vysoka
(zona jedna), aktivator nadvihne hnaci ram
smerom dovnutra dopravnika, ¢im sa
sposobi kontrakcia profilu. V zéne dva su
hodnoty zvySkového pociatocného
napnutia retaze zodpovedajice pre
aktualne podmienky zat'azenia hrabl'ového
dopravnika, preto sa profil dizky retaze
nemeni a hnacie ramy zostanu stacionarne.

3 POCITACOVE VYSKUMY

Predmetom pocitatom podporovanych
vyskumov bol vysokovykonny hrabl'ovy
dopravnik vybaveny hlavnym pohonom
a pomocnym pohonom. DiZka dlhej steny
kde bol instalovany, bola 400 m. Celkovy
vykon asynchrénnych motorov
v pohonoch sa rovnal 2x1000 kW. Bol
vybaveny dvojitou retazou s rozmermi
2x42x146. Pociato¢né napnutie retaze
nastavené pocas odstavky dopravnika sa
rovnalo So(t=0)=1200 kN. Horna vetva
bola zatazend vytaZenym materidlom v
rozsahu 200 kg/m.  Nastartovanie

points from the time based dynamic
characteristics of residual initial chain
tension are constantly inside this zone it
means, that initial chain tension was set
correctly for current loading conditions of
a scraper conveyor.

If all all points from the considered
dynamic characteristics belong to the zone
three, then the value of initial chain tension
set during conveyor standstill was too low.
Depending on the zone, which contains
points from the time based dynamic
characteristics of residual initial chain
tension, appropriate actuator causes change
of chain contour by shifting a drive frame.
If a value of residual initial chain tension
in the run-off point from the drive sprocket
is too low (zone three) then the NRW
system actuator extents the length of chain
contour by shifting drive frame toward out-
conveyor. If value of control signal is too
high (zone one), the actuator shifts drive
frame toward in-conveyor causing chain
contour contraction. In zone two, values of
residual initial chain tension are proper for
current loading conditions of a scraper
conveyor, therefore chain contour length is
not altered and drive frames remain
stationary.

3 COMPUTER AIDED
INVESTIGATIONS

A heavy duty scraper conveyor equipped
with a main drive and an auxiliary drive
was an object of computer aided
investigations. The length of long wall
where it was installed was 400 m. The total
power of asynchronous motors in drives
was equal 2x1000kW. The scraper
conveyor was equipped with double chain
size 2x42x146. Initial chain tension set
during conveyor standstill was equal
So(t=0)=1200 kN. Top strand was loaded
with run-of-mine intensity 200 kg/m. The
start-up of conventional scraper conveyor
loaded this way was ineffective (fig. 1a). In
such a case, in industrial conditions in a
cola mine, the top strand needs to be
unloaded by hand using shovels. Having
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konven¢ného  hrablového  dopravnika
zatazeného tymto spOsobom  bolo
neuspes$né (obr. la). V takomto pripade,
v priemyselnych podmienkach uholnej
bane, musi byt horna vetva vylozena ru¢ne
s pouZitim lopat. Ak je ta ista horna vetva
zatazena  tym  istym vytazenym
materidlom atym istym pociatoénym
napnutim ret'aze, tak v pripade hrabl'ového
dopravnika vybaveného systémom NRW
je mozné dosiahnut’ efektivne
naStartovanie (obr. 1b). Po odbremeneni
hommej vetvy hrablového dopravnika
(my=0 kg/m) sa pozadovana hodnota
pociatocného napnutia retaze znizi. Ako
vysledok, vkonvenénom  hrabl'ovom
dopravniku sa vyskytuju prili§ vysoké
hodnoty dynamického zat'azenia
vretaziach. V skimanom konvenénom
hrabl'ovom dopravniku (s odbremenenou
homou vetvou) sa $pickova hodnota
dynamického zataZenia v bode odtahu na
hnacom retazovom kolese hlavného
pohonu rovnala 1476 kN v stacionarnom
pohybe dopravnika (obr.2a). Dynamické
zataZenia na retazi sa daji zniZit
aplikdciou systému NRW. Maximalna
hodnota dynamickych zataZzeni v retaziach
(v rozbehovom bode hnacieho retazového
kolesa hlavny pohon pohonu) na
hrablovom  dopravniku vybavenom
systtmom NRW sa znizila na 621.4 kN
(obr. 2b).
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the same top strand load with run-of-mine
and the same initial chain tension, in a case
of a scraper conveyor equipped with NRW
system, it is possible to achieve effective
start-up (fig.1b). After unloading the top
strand of a scraper conveyor (my=0 kg/m)
the required value of initial chain tension
decreases. As a result, in a conventional
scraper conveyor, too high values of
dynamic loads in chains appear. In the
investigated conventional scraper conveyor
(with unloaded top strand) the peak-value
of dynamic loads in chain in run-on point
onto the drive sprocket of the main drive
was equal 1476 kN in stationary motion of
the conveyor (fig.2a). The dynamic loads
in chain might be reduced by application of
NRW system. The maximum value of
dynamic loads in chains (in run-on point
onto the drive sprocket of the main drive)
in a scraper conveyor equipped with NRW
system was reduced down to 621.4 kN
(fig.2b).
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Obr.1 Rotacna rychlost retazovych kolies v hlavnom a pomocnom pohone hrablového
dopravnika: a) konvencného, b) vybaveného systémom NRW
Fig. 1.Rotational speed of chain sprockets in main and auxiliary drives in a scraper
conveyor: a) conventional, b) equipped with NRW system

10
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Obr. 2 Dynamické zatazenia na retazi dopravnika v rozbehovom bode hnacieho retazového
kolesa hlavny pohon pohonu (Sg4) a v bode odtahu od hnacieho retazového kolesa
pomocného pohonu (Sgg)v hrablovom dopravniku: a) konvencnom, b) vybavenom systémom
NRW
Fig. 2. Dynamic loads in a conveyor chain in the run-on point onto the drive sprocket of the
main drive (Sg4) and the run-off point from the drive sprocket of the auxiliary drive (Sgp) in a
scraper conveyor. a) conventional, b) equipped with NRW system

4 ZAVER 4 CONCLUSION

Aplikacia systému NRW v hrabl'ovych The application of NRW system in scraper
dopravnikoch  umoziiuje  automaticku conveyors enables automatic alteration of
zmenu hodnoty zvySkového pociato¢ného value of residual initial chain tension in
napnutia vbode odtahu zhnacieho run-off point from the drive sprocket as a
retazového kolesa ako odozvu na zmenu response to change of run-of-mine load of
v zatazeni hrabl'ového dopravnika a scraper conveyor, change of fine coal
vytazenym materidlom, zmenu zat'aZenia load of bottom strand as well as change of
dolnej vetvy nakladom jemného uhlia, ako motion  resistances and  occurring
aj zmenu odporov pohybu a vyskytujucich mechanical vibrations.

sa mechanickych vibracii. On the basis of results of computer aided
Na  zdklade vysledkov  pocitacom investigations it was found that the
podporovanych vyskumov sa zistilo, Ze application of NRW system in a scraper
aplikacia systému NRW na hrabl'ovom conveyor makes it possible to facilitate the
dopravniku  umoziiuje = naStartovanie scraper conveyor start-up in the case when
hrablového dopravnika v pripade, ked’ the reason for ineffective start-up was
bola pri¢inou predchadzajticeho excessive value of initial chain tension set
neuspe$ného  nastartovania vysoka during conveyor standstill. The operation
hodnota pociato¢ného napnutia retaze of NRW system in a scraper conveyor
nastavend pocas odstdvky dopravnika. made it possible to reduce dynamic loads
Pouzitie systému NRW na hrablovom in chains and drive systems particularly
dopravniku umoznilo znizenie during scraper conveyor stationary motion
dynamickych zat'azeni v retaziach and made it possible to compensate loads
a hnacich  systémoch, hlavne pocas of main and auxiliary drives.

stacionarneho pohybu hrabl'ového

dopravnika aumoZznilo kompenzovat’
zatazenia hlavného a pomocného pohonu.

11
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