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Izvod

Uvodenje proaktivnog sistema nadzora osnovne rudar-
ske opreme na povrsinskim kopovima Elektroprivrede Srbije
u cilju Sto kvalitetnijeg upravljanja opremom ali i odrzava-
njem, je postala neminovnost. Time bi se podigla efikasnost
rada svih sistema na povrsinskom kopu, ostvarivali bi se
zadati bilansi sa aspekta vremenskog i kapacitetnog iskoris-
Cenja opreme i proizvodnje, ali i smanjenje ukupnih trosko-
va povrsinskog kopa. Monitoring sistem kao eksponent on-
line pracenja stanja i ponaSanja, treba definisati preko
kontrolnog centra, koji bi predstavljao sistem za pracenje,
azuriranje, dojavu i analizu izmerenih karakteristicnih
parametara, kako tehnicko-tehnoloskih tako i dijagnostic-
kih. Na osnovu toga donosio bi se krajnji stav o daljim
aktivnostima na odredenom sklopu rudarske masine.

UvVOD

Osnovna rudarska oprema na povrSinskim kopovima
(BTO sistem, odnosno, bager-transporter-odlagac i BTD
sistem, odnosno, bager-transporter-drobilana) vrlo su sloze-
ni za odrzavanje. O tome se moze suditi na osnovu samo
nekih njihovih karakteristika sa glediSta odrzavanja. Sistem
se sastoji od velikog broja sklopova i elemenata sa razli¢i-
tim potrebama za odrzavanjem. Redna veza elemenata ovog
sistema uslovljava potrebu za velikom pouzdanoscéu eleme-
nata. Da bi se to postiglo, odrzavanje svih elemenata bitnih
za funkcionisanje sistema mora biti intenzivno, kako bi se
pouzdanost sistema drzala na potrebnom nivou, /1/. Uslovi
rada sistema na povrSinskim kopovima su vrlo teski,
nabavna vrednost sistema je visoka, te se zbog toga tezi $to
veéem vremenskom i kapacitetnom iskoriséenju, /2-5/.
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Abstract

Introduction of proactive monitoring system for main
mining equipment at open cast mines of Electric Power In-
dustry of Serbia became necessity, in order to provide better
equipment management and maintenance. This would increase
operational efficiency of all systems at the open cast mine,
enable achievement related to time and capacity utilization
of equipment and production, and also reduction of total
costs of the open cast. Monitoring system, an exponent of
the on-line condition and behaviour monitoring, should be
defined by a control centre which includes systems for
monitoring, up-dating, notification and analysis of meas-
ured typical technical and technological parameters, as
well as diagnostics. This would enable decision making on
further activities for the specific unit of a mining machine.

INTRODUCTION

Main mining equipment at open cast mines (excavator-
belt conveyor-stacker EBS system and excavator-belt con-
veyor-crusher EBC system) is complex regarding mainte-
nance. This can be evaluated based on some of their charac-
teristics. The system comprises of numerous units and
components with different maintenance requirements.
Serial connection of this system requires high reliability of
components. In order to achieve this, maintenance of each
component important for operation must be intensive, to
assure the required level of system’s reliability, /1/. Opera-
tional conditions for systems at open cast mines are diffi-
cult, where the value of such systems is high, /2-5/.
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Unapredenje organizacije odrZavanja na povrSinskim
kopovima lignita Elektroprivrede Srbije (EPS) moze se
ostvariti uvodenjem proaktivnog sistema nadzora bitnih
sklopova i elemenata na rudarskim masinama. To se spro-
vodi takozvanim on-lajn pracenjem karakteristi¢nih para-
metara, a u nekim slucajevima i of-lajn pracenjem, u zavis-
nosti od vaznosti mesta merenja i parametara koji se prate.
Znajuéi da je proaktivno odrzavanje iskorak napred predik-
tivnog odrzavanja, koje je zasnovano na utvrdivanju stanja
masine tokom rada, odnosno, na Cinjenici da ¢e vecina
elemenata masine ispoljiti nekakav tip upozorenja pre otkaza,
proaktivno odrzavanje koristi razne tehnologije u cilju
produzenja veka rudarskih masina. Znajuc¢i da je starost
rotornih bagera na povrSinskim kopovima EPS preko 25
godina, ovakav sistem nadzora dobija na znacaju, /6, 7/.

Istrazivanje u svetu, u oblasti odrzavanja velikih rudar-
skih sistema kao S$to su povrsinski kopovi lignita, su u stal-
nom angazovanju, saglasno novim tehnicko-tehnoloskim
reSenjima, u prvom redu informacionim tehnologijama.
Veliki povrsinski kopovi lignita Nemacke, Poljske, Madar-
ske, Bugarske i Gréke u velikoj meri sprovode takozvano
plansko-preventivno odrzavanje, pri ¢emu teZze uvodenju
odrzavanja po stanju, odnosno, proaktivhom odrzavanju.
Svi povrsinski kopovi u ovim zemljama, na svojim rudar-
skim masinama uvode naéin utvrdivanja stanja masine
tokom rada i koriste razne tehnologije u cilju produzetka
radnog veka (neki su i uveli ovakve sisteme nadzora kao §to
su Mibrag, Vatenfal, Rajnbraun). NaSa istrazivanja su
neznatna i tek u nekim pojedina¢nim slucajevima pristupa
se of-lajn pracenju podataka, uglavnom vibracija na pojedi-
nim sklopovima, $to je minorno.

PROAKTIVNO ODRZAVANJE OSNOVNE RUDARSKE
OPREME

Uvodenjem proaktivnog sistema nadzora na rudarskim
masinama povrsinskih kopova EPS vrsi¢e se analiza pona-
Sanja i stanja karakteristicnih sklopova i elemenata, sagle-
danih kroz dobijene parametre pri ¢emu se donose odluke o
produzenju radnog veka tih sklopova i elemenata. Dobijeni
parametri su osnova za donoSenje stava o revitalizaciji,
rekonstrukciji ili zameni sklopa ili elementa, ali i kao smer-
nica budu¢em projektovanju ovih masina. Parametri koji se
najcesce koriste su slededi: vibracije, naponsko stanje celic-
ne konstrukcije, ultrazvucno ispitivanje, termovizijsko
opazanje, struja, napon, kretni moment, temperatura, priti-
sak. Uvodenje proaktivnog odrzavanja na povrSinskim
kopovima lignita EPS je, moze se slobodno reci, pionirski
poduhvat i ima viSestruki doprinos: uvodenje novih tehno-
logija, smanjenje svih vidova zastoja na sistemu, stvaranje
novih kadrova za koriS¢enje visokosofisticirane opreme,
smanjeni troSkovi eksploatacije i odrzavanja celog sistema.

Ciljevi ovakvog programa odrzavanja, u ovom slucaju sa
novim, savremenijim tehni¢ko-tehnoloskim pristupom,
manifestovanim kroz proaktivno odrzavanje, su sledeci:

1. Eliminacija kvarova masine, odnosno, iznalazenje uzroka
kvara, njegovo predupredivanje i eliminisanje. Cesta je
situacija da havarijski kvar izaziva znacajna prateca oste-
¢enja na masini, ¢cime se znacajno povecavaju troskovi
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Improvement of maintenance organisation at open cast
mines of the Electric Power Industry of Serbia (EPS) can be
achieved by introduction of proactive monitoring system
for important units and components on mining machines.
This is performed by so-called on-line monitoring of typical
parameters, and in some cases off-line monitoring, depending
on the importance of the location and parameter to be moni-
tored. Proactive maintenance is a more advanced approach
in comparison to predictive maintenance, that is based on
machine condition determination in operation. i.e. on the
fact that most components have some kind of warning
manifestation of immanent failure. Proactive maintenance
utilizes various technologies in order to extend operational
life of mining machines. Such a monitoring system gains
importance since bucket wheel excavators at open cast
mines of EPS operate longer than 25 years, /6, 7/.

Research in the field of maintenance of large mining
systems as lignite open cast mines, performed worldwide,
are constantly engaged, according to new technical and
technology solutions, namely by introducing information
technologies. Large lignite open cast mines in Germany,
Poland, Hungary, Bulgaria and Greece are implementing
so-called planned-preventive maintenance to a large extent,
seeking to introduce condition maintenance, i.e. proactive
maintenance. Each open cast mine in these countries, intro-
duces a method of machine condition determination in
operation, utilizing various technologies in order to extend
operational machine life (some operators as Mibrag,
Vattenfal and Rheinbraun, have already introduced such
systems). Our research is inconsiderable, with individual
cases of off-line data monitoring, mainly of vibrations at
some machine units.

PROACTIVE MAINTENANCE OF MAIN MINING
EQUIPMENT

Introduction of proactive monitoring system on mining
machines at open cast mines of EPS will enable analysis of
behaviour and the condition of units and components, by
review of acquired parameters, thus creating a situation for
decision making related to the extension of operational life.
Acquired parameters are a basis for decision making on
revitalization, reconstruction or replacement of a unit or
component, and also as a guidance for designing these
machines. Most frequently used parameters are: vibrations,
steel structure stress condition, ultrasonic examination, thermal-
vision detection, amps, voltage, torque, temperature, pres-
sure. Introduction of proactive maintenance at open cast
mines of EPS is a pioneering endeavour which provides
numerous contributions, such as introduction of new tech-
nologies, reduction of standstills, development of new human
resources that use highly sophisticated equipment, reduced
operational cost and system’s maintenance costs.

The goals of such maintenance programme, in this case
with the new technical and technology approach, expressed
through proactive maintenance, are:

1. Elimination of malfunctions of the machine by detection
of malfunction, its prevention and elimination. Common
case is that major malfunction causes considerable subse-
quent damage on the machine, thus increasing repair costs.
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popravke. Nazalost, trenutno potpuna eliminacija kvaro-

va nije moguca u praksi. Medutim, ovom cilju se moze

pribliziti sistemati¢nim pristupom u odrzavanju, odnosno
uvodenjem proaktivnog odrzavanja.

2. Ostvarivanje mogu¢énosti predvidanja i tacnog planiranja
potreba za odrzavanjem. Ovo ukljuuje minimiziranje
inventara rezervnih delova i znacajno umanjenje preko-
vremenog rada.

3. Povecanje pogonske spremnosti masine, tako Sto bi se
znacajno umanjila Sansa pojave otkaza tokom rada, kao i
odrzavanje operativnog kapaciteta sistema preko smanje-
nja perioda zastoja kriti¢nih sklopova i elemenata.

4. Obezbedivanje predvidljivog i razumnog radnog vreme-
na za osoblje angazovano na odrzavanju.

Okosnicu ovog pristupa ¢ini proaktivno odrzavanje, koje
predstavlja poslednju inovaciju u oblasti prediktivnog
odrzavanja (odrzavanja po stanju). Ovaj vid odrzavanja
primenjuje razne tehnologije u cilju produzenja veka masi-
na i radi prakticne eliminacije reaktivnog odrzavanja, /8/.

Osnovni deo proaktivnog programa je analiza osnovnog
uzroka kvara, odnosno, utvrdivanje mehanizama i uzroka
pojave kvara na masini. Fundamentalni uzroci pojave otka-
za na maSinama se na ovaj nac¢in mogu otkloniti, a meha-
nizmi otkaza se postepeno mogu inZenjerskim pristupom
eliminisati sa svake masinske instalacije.

Uspesan proaktivni program odrzavanja bi postepeno,
tokom vremena, projektno-inZenjerskim zahvatima otklonio
problem koji ima maSina, a Sto bi za posledicu imalo
znacajno produzen vek masine, skracen period zastoja i
poveéan proizvodni kapacitet. Jedna od najboljih osobina
proaktivnog pristupa je da su njegove tehnike nadograduju
na tehnike koje se koriste u prediktivnom programu, tako
da se lako mogu dodati u postoje¢e programe. Danas je ve¢
ocigledna neophodnost za izbalansiranim pristupom odrza-
vanju, ukljucujuéi odgovarajue metode preventivnog,
prediktivnog i proaktivnog odrzavanja, pri ¢emu ovi
elementi nisu nezavisni, ve¢ treba da budu integralni deo
jedinstvenog programa odrzavanja.

PRIMERI GLAVNIH METODA
PROAKTIVNOG ODRZAVANIJA

PREDIKTIVNOG 1

Uvodenjem novog proaktivnog sistema nadzora na bitnim
sklopovima i elementima rudarskih masSina povrSinskih
kopova EPS, smanji¢e se maksimalno negativan subjektivni
uticaj pri analizi produzetka radnog veka. Uvodenjem on-
lajn pracenja i1 utvrdivanjem dinamickog trenda razli¢itih
parametara radi definisanja stanja i ponaSanja sklopova i
elemenata, moze se doc¢i, ne samo do signaliziranja i upozo-
renja pre otkaza, ve¢ i do produzenja veka trajanja datog
sklopa, odnosno, elementa.

Lomovi vratila i lezajeva, odnosno uleziStenja, prouzro-
kuju havarije reduktora i elektromotora, najéesée na pogo-
nima transportera na bagerima, odlagacima i tra¢nim trans-
porterima tokom godine. I na pogonu radnog tocka, pogo-
tovo na ulaznom paru, dolazi do sli¢nih problema. TroSkovi
se ne manifestuju samo preko ovih elemenata nego i preko
uslovljenih zastoja celog sistema, zbog postojanja redne
veze u sistemu. Ipak, tehnoloSka uslovljenost je najbitnija:
malo ili nedovoljno vremensko i kapacitetno iskoriSéenje
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Unfortunately, at the moment it is not possible to

completely eliminate malfunctions. However, systematic

maintenance with introduction of proactive maintenance
means approaching to this goal.

2. Achievement of possibility for prediction and accurate
maintenance planning. This includes minimisation of
spare parts stock, with considerable reduction of over-
time work hours.

3. Increase of machines’ operational readiness, by reduced
malfunction occurrence during operation, as well as
preserving system’s operational capacity by reducing
stoppage periods at crucial units and components.

4. Providing predictive and acceptable working hours for
staff engaged on maintenance.

Cadre of this approach is proactive maintenance, latest
innovation in the field of predictive maintenance (mainte-
nance according to state). This approach to maintenance
utilizes various technologies in order to achieve extension of
operational life and elimination of reactive maintenance, /8/.

The basic component of the proactive programme is
analysis of the basic cause of malfunction, or determination
of malfunction mechanism. This approach enables renounc-
ing of fundamental causes of malfunctions, while malfunc-
tion mechanisms at each unit or component can be gradu-
ally eliminated by engineering undertaking.

The successful proactive maintenance programme would
gradually eliminate existing problems at the machine, by
implementing design and engineering undertakings, result-
ing in considerable extension of operational life, reduced
down times and increased production capacity. One of the
best properties of the proactive approach is a possibility of
upgrading existing techniques implemented in predictive
programme, meaning that it can be easily added into
existing programmes. Necessity for balanced approach to
maintenance is obvious, including proper methods of
preventive, predictive and proactive maintenance, where
these elements are not independent, but integral parts of one
maintenance programme.

EXAMPLES OF PREDICTIVE AND PROACTIVE
MAINTENANCE PRIMARY METHODS

Introduction of the new proactive monitoring system for
important units and components of mining machines at
open cast mines of EPS will minimize subjective influence
during operational life extension analysis. Introduction of
on-line monitoring and determination of dynamic trends of
various parameters, for definition of condition and behav-
iour of units and components, will enable warnings before
malfunction occurs and also life extension for monitored
unit or component.

Failures of shafts and bearings are casing failures of
gear-reduction units and electric motors, most commonly at
belt conveyor drives on excavators, stackers etc. Similar
problems are occurring at bucket wheel drives, particularly
at the input pair. Costs are not only manifested by these
components, but also by caused stoppages of the whole
system, due to serial connection of the system. However,
technological influence is most important: short or insuffi-
cient time and capacity utilization of the system working on
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sistema na proizvodnji otkrivke i uglja dovodi do povecanja
cene jedinice proizvoda. Ovakvi troskovi su milionski, a
njima treba dodati i zauzimanje skladiSnog prostora i na taj
nacin zarobljavanje kapitala. Lomovi i prsline celicne
konstrukcije imaju jo§ snazniji uticaj na formiranje veka
trajanja, jer od stanja Celicne konstrukcije zavisi eksploata-
cioni vek rudarske masine. Na primer, samo on-lajn prace-
njem vibracija na karakteristicnim tackama pogonskih
grupa moze se preduprediti pojava nezeljenih posledica, a u
nekim slucajevima dovoljno je i of-lajn praenje vibracija.
Mernim trakama na karakteristicnim mestima Celi¢ne
konstrukcije moze se meriti naponsko stanje pri razli¢itim
stacionarnim i nestacionarnim rezimima rada rudarske masine,
radi dijagnostikovanja stanja i ponasanja konstrukcije, ali i
analize produzetka radnog veka. U narednom tekstu data su
pojedina merenja odredenih parametara izvedena mobilnim
uredajima — takozvano of-lajn prac¢enje parametara.

Merenje vibracija na karakteristicnim mestima

Na sl. 1 dati su signali u vremenskom i frekventnom
domenu merenja na karakteristi¢cnom mestu ulaznog vratila
reduktora pogona radnog tocka bagera SRs1300.26/5 na
povrsinskom kopu ,,Polje D*. Karakteristicno mesto mere-
nja vibracija ulaznog vratila, odnosno, dobijanje signala
koji ¢e pokazati stvarno stanje ulaznog vratila je na kucistu
(glav¢ini) ulaznog vratila.

Acoeler ston [ ]

overburden or lignite excavation leads to an increase of
production costs of the final product. Such costs can be
measured in millions, and these should be increased by
capital captured in spare parts in warehouses. Failures and
cracks at the steel structure have even a larger impact on
operational life, since the steel structure condition has direct
impact on operational life of the mining machine. For
example, only on-line monitoring of vibrations at typical
spots of drive units can prevent occurrences of unfavour-
able consequences. In some cases off-line monitoring of
vibrations is sufficient. Strain gauges positioned on typical
spots of steel structure can provide stress condition during
various stationary and non-stationary operational regimes
of mining machine, in order to determine condition and
behaviour of the structure, and also to perform analysis of
operational life extension. Measurements of some parame-
ters, performed with mobile instruments — so-called off-line
parameter monitoring, are presented below.

Vibration measurements on typical locations

Signals in time and frequency domains measured on
typical locations of input shaft at bucket wheel drive unit on
excavator SRs 1300.26/5 which operates on open cast mine
Field D — Kolubara, are shown in Fig. 1. Typical location
for vibration measurement on input shaft i.e. provision of
signal which will show actual condition of the shaft is on
the housing of the input shaft.
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Slika 1. Vremenski i frekventni signal ubrzanja mernog mesta ulezistenja ulaznog vratila reduktora pogona radnog tocka bagera
SRs1300.26/5 sa izdvojenim frekventnim signalom ubrzanja na 24,7 Hz i 76,2 Hz
Figure 1. Time and frequency signal of acceleration at the housing of the input shaft of bucket wheel drive on excavator SRs1300.26/5, with
selected acceleration signals at 24.7 Hz and 76.2 Hz.

INTEGRITET I VEK KONSTRUKCIJA
Vol. 10, br. 1 (2010), str. 11-19

14

STRUCTURAL INTEGRITY AND LIFE
Vol. 10, No 1 (2010), pp. 11-19



Proaktivni sistema nadzora osnovne rudarske opreme na...

Proactive monitoring system for main mining mechanization at...

Izdvojena su dva signala koja karakteri§u ulazno vratilo
reduktora pogona radnog toc¢ka bagera SRs1300.26/5 na PK
»Polje D“. Izdvojen signal na 24,7 Hz je signal obrtanja
vratila na 1482 min"' (stvarna vrednost), a signal na
76,2 Hz je prva sopstvena frekvenca ovog vratila rotora
(stvarna vrednost) koja je bliska pretpostavci da je frekven-
ca ulaznog vratila sa masom spojnice od 400 kg. Bez obzira
na stvarnu, preciznu masu spojnice na strani ulaznog vratila,
postavljanje tezeg dela spojnice znatno je povoljnije izvesti
na strani elektromotora. Tre¢i harmonik pobude, odnosno,
brzine obrtanja vratila je u stvari sopstvena frekvenca vratila
za date uslove.

Merenje naponskog stanja i ubrzanja na celicnoj konstruk-
ciji

Merenje je obavljeno pri procesu kopanja uglja bagera
SchRs630 na povrsinskom kopu ,,Tamnava Zapadno polje®,
gde su dobijeni signali u zavisnosti od tehnoloske uslovlje-
nosti rada bagera. Na sl. 2, 3 i 4 dati su dijagrami prirastaja
sile (napona) za tri definisana merna mesta na uski lamele
strele radnog tocka, kao i ubrzanje u vremenskom i frek-
ventnom domenu za visinu reza od s = 5,3 m, pri procesu
kopanja u levu stranu i pri nastupu od 40 cm.

Two signals are selected that characterize input shaft of
the gear reduction on the bucket wheel drive on excavator
SRs 1300.26/5, which operates at open cast mine Field D.
The signal at 24.7 Hz is from shaft revolutions at 1482 min ™'
(actual value). While the signal at 76.2 Hz is the first eigen
frequency of this shaft (actual value), which is close to the
assumption that frequency of the input shaft, with coupling
mass of 400 kg. Regardless to exact mass of the coupling
on the shaft side, it is much more favourable to position
heavier part of the coupling on the side of electric motor.
The third initialization harmonic, i.e. rotating speed of shaft
is actually the shaft eigen frequency for given conditions.

Measurements of stress conditions and accelerations on
steel structure

This measurement is performed on excavator SchRs 630
during coal excavation at open cast mine Tamnava-West
Field, where acquired signals are dispersed in relation to
technological operations of the excavator. Force (stress)
increment diagrams for three defined measuring locations at
lamellae lugs of bucket wheel beam are given on Figs. 2, 3
and 4, as well as acceleration in time and frequency
domains, for cutting height of # = 5.3 m, during excavation
to the left side and accession steps of 40 cm.
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Slika 2. Signali napona za visinu reza 4 = 5,3 m, pri rezu 1L (u levo) i nastupu od 40 cm
Figure 2. Stress signals for cutting height of 7 = 5.3 m, during excavation to the left and accession step of 40 cm.
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Slika 3. Ubrzanje u vremenskom domenu za visinu reza 2 = 5,3 m, pri rezu 1L (u levo) i nastupu od 40 cm
Figure 3. Acceleration in time and frequency domain, for same parameters as above (see Fig. 2).
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Slika 4. Ubrzanje u frekventnom domenu za visinu reza # = 5,3 m, pri rezu 1L (u levo) i nastupu od 40 cm
Figure 4. Acceleration in frequency domain, for same parameters as above (see Fig. 3).

PriraStaj napona na uski lamele strele radnog tocka iznosi
maksimalno 50-55 N/mm” u pocetku procesa kopanja
(poveéane vrednosti), a kasnije u proseku 15-25 N/mm?’
(maksimalno). Znaju¢i da je bager imao adekvatnu visinu
bloka od 5,3 m i nastup od 40 cm, za maksimalni radni
ucinak, to se moze zakljuditi da je prirastaj napona zadovo-
ljavajuci i u granicama dozvoljenog.

Ubrzanje u vremenskom domenu se kre¢e do 1 g, Sto je
zadovoljavajuce za poznate pocetne uslove. Karakteristicne
su niske frekvence do 10 Hz za analizu nosece celicne
konstrukcije. Znajuéi da je broj istresaja 162 min', odnosno,
frekvenca kopanja od 2,7 Hz je izrazena ali nije dominant-
na, ustvari, ima malu amplitudu. Bager je kopao visinski
blok od 5,3 m, te uticaj frekvence na naponsko stanje u
¢eli¢noj konstrukceiji nije dominantan. Amplituda karakte-
risti¢nih frekvenci ubrzanja se kreée do vrednosti 0,03 m/s?.

Termovizijsko opazanje karakteristicnih sklopova

Termografija treba da bude jedan od alata za inspekciju i
kontrolu (dijagnostiku stanja i ponasanja) svih rotiraju¢ih
elemenata koji prenose obrtni moment — emituju toplotu
prilikom obavljanja svoje osnovne funkcije, /9/. Termograf-
ska ispitivanja se mogu tretirati i kao tehnicka ispomo¢
ostalim metodama dijagnostike (pogotovo vibracijama i
kontrolama bez razaranja), radi postizanja veceg efekta.

Navedeni primeri na sl. 5 govore izuzetno mnogo o
primeni termovizijskog opazanja i definisanju eventualnog
problema koji treba resiti i pronaci pravi uzrok povecéanja
emitovanja toplote. Termografski prikazi su sa odredenih
sklopova masina povrsinskog kopa ,,Drmno*.

ZAKLIUCAK

Uvodenje proaktivnog sistema nadzora na rudarskim
masinama i rudarskoj opremi povrSinskih kopova EPS, u
danasnjim uslovima je imperativ. Sklopovi kao §to su pogoni
radnog to¢ka, odnosno, radnog elementa, pogoni transportera
na bagerima, odlagaCima, tracnim transporterima, pogoni
okreta gornje gradnje, pogoni dizanja i spustanja katarki,
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Maximal stress increment at lamellae lugs of bucket wheel
beam is 50—55 N/mm?’, at the start of the excavation process
(increased values), while subsequent average value is 15—
25 N/mm’* (maximum). Knowing the excavator’s adequate
block height of 5.3 m and accession step of 40 cm, in order
to achieve maximum performance, it can be concluded that
the stress increment is satisfactory and within allowed limits.

Acceleration in time domain is up to 1 g, which is satis-
factory for known starting conditions. Low frequencies up
to 10 Hz are typical for analysis of load bearing steel struc-
ture. Knowing the number of bucket discharge as 162 min ",
i.e. digging frequency of 2.7 Hz is pronounced but not domi-
nant, in fact with small amplitude. The excavator operated in
block 5.3 m high, therefore the frequency impact on stress
condition of the steel structure is not dominant. Amplitude
of typical acceleration frequencies is around 0.03 m/s”.

Thermal-vision monitoring of typical units

Thermal-vision should be one of the tools for inspection
and control (condition and behaviour diagnostics) of all
rotating components i.e. components for torque transmis-
sion — which emits heat during regular operation, /9/. Thermal-
vision examination can be considered as a technical aid to
other diagnostics methods (particularly to vibrations and
non-destructive tests), in order to achieve larger effect.

Examples in Fig. 5 are showing the capabilities of ther-
mal-vision detection and localizing of possible problems to
be remedied, including identification of real cause of heat
emission. Examples shown in Fig. 5 are taken at open cast
mine “Drmno”.

CONCLUSION

Introduction of proactive monitoring system on mining
machines and mining equipment at open cast mines of EPS
is an imperative in present condition. Units, such as bucket
wheel drives, conveyor drives on excavators, stackers and
belt conveyors, super-structure turning drives, drives for
lowering-lifting the beam, caterpillar drives, typical loca
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pogoni guseni¢nog transporta, karakteristicna mesta ¢elicne  tions on the steel structure, whole electric installation,
konstrukcije, kompletna elektro struktura (napajanje, inevitably have to be monitored by the proactive monitor-
razvod, upravljanje, signalizacija), neminovno moraju da se  ing system, /10, 11/.

isprate u smislu proaktivnog sistema nadzora, /10, 11/.

Slika 5. Transformator — pregrejan rastavlja¢ 6 kV; pregrejan osigura¢ 380 V; Sinski voltni razvoj; pregrejan lezaj ulaznog para reduktora
Figure 5. Transformer — over-heated detacher 6 kV, over-heated fuse 380 V; rail track circuit setup; over-heated bearing of gear reduction input pair.
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Slika 6. Principijelna shema kontrolnog centra — globalni sistem
Figure 6. Principal scheme of control centre — global system.
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Kontrolni centar bi bio osnova za uvodenje odrzavanja
po stanju, odnosno, on-lajn pracenje tehnickog sistema (sl. 6).
Naravno, uvodenje ovakvog sistema odrZavanja zahteva
odredene preduslove, postojanje jedinstvenog informacio-
nog sistema sa dijagnostikom stanja elemenata masina.

Na sl. 7 prikazan je primer konfiguracije monitoringa
stanja jednog reduktora, koji je definisan od strane kompa-

The control centre would be the base for introducing
condition maintenance, i.e. on-line monitoring of technical
system (Fig. 6). Introduction of such a maintenance system
requires certain preconditions, such as existence of a complete
information system with condition diagnostics for machine
components.

Example of a gear reduction condition monitoring con-
figuration is shown in Fig. 7, defined by Flender company
from Germany.

nije Flender iz Nemacke.
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Slika 7. Konfiguracija monitoringa stanja reduktora
Figure 7. Gear reduction condition monitoring configuration.

Povratak investicije na ovakvim sistemima je sigurno
izvestan, jer su troSkovi eksploatacije postojecih sistema
veoma visoki i zato §to ovi sistemi imaju velikih problema
u eksploataciji. Na osnovu Studije ,,Izbor optimalnog siste-
ma odrzavanja u JPPK Kostolac®, koju je uradio Rudarsko-
geoloski fakultet iz Beograda, predvideno je i uvodenje
proaktivnog sistema nadzora u okviru odrzavanja kopova.
Analiza po modelu Benefit—Cost pokazuje da uvodenje novog
sistema odrzavanja, konkretno na PK , Drmno“, ima eko-
nomsku opravdanost, a na osnovu pokazatelja diskontova-
nih troskova za period rada kopa od 27 godina. Proracun je
pokazao da se ukupni troskovi kopa za vek rada od 27 godina
smanjuju za 6%, §to je dovoljan argument za implementaci-
Jju ovog resenja, odnosno, ovakvog nacina odrzavanja, /1, 6, 7/.

Uvodenjem proaktivnog sistema nadzora pri unaprede-
nju organizacije odrzavanja na povrsinskim kopovima EPS,
mogu se ocekivati slede¢i kljucni rezultati:

— uvodenje novih tehnologija,
— smanjenje svih vidova zastoja na sistemu,

INTEGRITET I VEK KONSTRUKCIJA
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Investment return for such system is certain since opera-
tional costs of existing systems are very high and since
these systems are having significant problems in operation.
Case study “Selection of optimal maintenance system for
JPPK Kostolac”, developed by the Faculty of Mining and
Geology from Belgrade, foresees introduction of proactive
monitoring system into the open cast mine maintenance
programme. Cost-benefit analysis showed that introduction
of the new maintenance system, particularly at Drmno open
cast mine, is economically viable, and based on an opera-
tional period of 27 years with discounted costs. Calculation
showed that total costs at the open cast mine, during period
of 27 years, would be reduced by 6%, which is a sufficient
argument for implementing this solution, i.e. the mainte-
nance approach, /1, 6, 7/.

Introduction of a proactive monitoring system at the
open cast mines of EPS, for improvement of maintenance
organisation can provide following crucial results:

— introduction of new technologies,
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— stvaranje novih kadrova za kori$éenje visoko-sofisticirane
opreme,

— smanjeni troskovi eksploatacije i odrzavanja celog sistema,

— eliminacija kvarova masine, odnosno, iznalazenje uzroka
kvara, njegovo predupredivanje i eliminisanje,

— ostvarivanje mogucnosti predvidanja i tatnog planiranja
potreba za odrzavanjem,

— povecanje pogonske spremnosti masine,

— odrzavanje operativnog kapaciteta sistema preko smanje-
nja perioda zastoja kriti¢nih sklopova i elemenata,

— obezbedivanje predvidivog i razumnog radnog vremena
za osoblje angazovano na odrzavanju.

Znafaj se moze sagledati sa viSe aspekata. Osnovni
aspekt je uvodenje proaktivnog sistema nadzora nad proce-
som rada i odrzavanja sa automatizacijom sistema transporta
materijala. Definisanje trenutnog stanja i ponaSanja kao i
utvrdivanje dinamickog trenda pojedinih parametara rada
sklopova i elemenata nameée eventualne revitalizacione
postupke i modernizaciju sistema. Na osnovu on-lajn i of-
lajn pradenja karakteristicnih parametara na rudarskim
masinama, moze se izvrsiti detaljna dijagnostika ponaSanja
i proracun sistema kako bi se utvrdila slaba mesta na njima.
Na taj nacin povecava im se vek eksploatacije ali i pogod-
nost za odrzavanje, §to moZe imati velike ekonomske efekte.
Ovim predmetnim istrazivanjem stvaraju se preduslovi za
izmenu zastarelih standarda za proracun i izbor sklopova i
elemenata rudarskih masina, kao i da se daju novi pravci pri
budué¢em projektovanju sve zahtevnijih rudarskih masina,
sa tehnicko-tehnoloskog aspekta.
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— reduction of all stoppages at the system,

— development of human resources for application of
highly sophisticated equipment,

— reduced operational costs and maintenance costs of
whole system,

— elimination of malfunctions at the machines i.e. finding
the cause of malfunction, its prevention and elimination,

— achievement of prediction capability and accurate plan-
ning of maintenance requirements,

— increase of operational readiness of the machine,

— preserving operational capacity of the system by reduc-
ing stoppage periods of critical units and components,

— providing predictable and acceptable working hours for
staff engaged on maintenance.
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as well as determination of dynamical trends of some
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