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Abstract: Mine hoisting systems are universal within the mining industry. They are used in two
embodiments, one for material hauling and another for personnel transport. Some are also unusual in
that they are primarily used as conveyances of materials but are also used to carry personnel under
certain circumstances. This is a very untypical combination of uses for any industry. Thus the hoisting
ore skip is sometimes both a material handling device and a passenger vehicle.

As a rule, skips are provided for men-riding only for shaft inspection purposes. However, some material
skips are also built with additional cage decks that can be used alternatively for skipping or man riding
operations. Material transport and men-riding in the shaft occurs in single or multi-deck cages.
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Apstrakt: U rudarstvu se u vecéini slucajeva primenjuju univerzalni tipovi izvoznih postrojenja koji se
mogu podeliti u dve osnovne grupe, za izvoz materijala i prevoz radnika. Medutim, koriste se i
nestandardni tipovi izvoznih postrojenja koji prvenstveno sluie za transport materijala, ali se u
specificnim uslovima mogu koristiti i za prevoz radnika $to nije uobicajeno. Naime, u pojedinim
slucajevima izvozni koSevi istovrmeno sluZe za tansport sirovina i repromaterijala, ali i kao sredstvo za
prevoz ljudstva.

Po pravilu, skipovi se koriste za prevoz radnika i to u slucajevima kada je potreno izvrsiti nadzor i
kontrolu okna. Medutim, neki skipovi snabdeveni su dodamim etafama na koSevima tako da se
alternativno mogu koristiti za izvoz materijala i za prevoz ljudi. Izvoz materijala i prevoz ljudi u oknu
mogu se vrsiti u vise-etazmim kosevima.

Kljucne redi: izvozna postrojenja, transport materijala

1 INTRODUCTION

Transportation industries monitor their safety
performance based on conveyances that carry
only passengers. For instance, the following
modes of passenger transportation are listed
by total passenger-kilometers traveled:
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1UVOD

Kada se govori o bezbednosti u saobracaju
uglavnom se misli na pouzdanost transportnih
sredstava koja prevoze putnike. Kao ilustracija, u
nastavku su navedeni sledec¢i vidovi transporta
putnika i to posmatrani u funkciju ukupnog broja
predenih kilometara:
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Table I Transportation fatalities
Tabela 1 Saobracanje nesrece

Transportation mode

Fatalities per million kilometers traveled

U. S. railroads ' 0.726
U. S. airlines’ 0.000235
U. S. highways' 0.0139
EU-25 highways® 0.0098

The U.S. amusement industry reports
0.00133 fatalities per 100 million rides
Mine hoisting overwind accidents occur

about 100 times per year in the Republic of
South Africa, the United Kingdom and
Poland, resulting in about 12 fatalities
annually °.  There are no statistics on the
number of persons transported on hoisting
equipment, or the number of hoists in use
worldwide.

However, some reasonable assumptions on
the number of worldwide deep mines,
average mine depth and number of personnel
transfers to/from the shaft suggests a Fatality
ratio of 1.85 per million kilometers traveled.

Comparatively, the mining industry accident
rate, due only to overwinds, is significantly

greater than conventional transportation
systems. Riding a mine hoist can be
considered a  very risky form  of

transportation. Certainly everyone within the
mining industry is very safety conscious and
the industry continues to research methods to
improve hoisting safety. However, because
the risk is comparatively high, we would like
to discuss a very promising and well proven
technology that I believe can be very readily
applied to mine hoisting systems with
minimal impact. In addition, this is a
technology that is infinitely re-usable, non-
destructive, and requires no power or control

system.  Furthermore, the devices are
essentially maintenance free. This is the
technology of Permanent Magnet Eddy

Current Brakes.

EDDY CURRENT BRAKE (ECB)
TECHNOLOGY

ECB technology traces its roots to Heinrich Lenz.
In 1834, Russian physicist Heinrich Lenz
discovered the directional relationships between

Prema izveStajima koji se dobijaju od industrije
zabave 0.00133 nesreca deSavaju se na svakih 100
miliona voznji °. U rudni¢kom tansportu na izvoznim
postrojenjima u Juznoj Africi, Velikoj Britaniji i
Poljskoj nesrece se deSavaju u proseku 100 puta
gosiSnje, Sto iznosi oko 12 udesa godisnje
Statisti¢ki podaci vezani za broj ljudi koji se prevezu
izvoznim  postrojenjima ili o broju izvoznih
postrojenja koja su trenutno u upotrebi u svetu ne
postoje.

Medutim, ukoliko se uzme u obzir ukupan broj
dubokih jama u svetu, njihova prose¢na dubina i broj
radnika koji se preveze do i sa radilista, moZe se
izraCunati ucestalost nesre¢nih slucajeva od 1.85 na
milion predenih kilometara.

Poredenja radi, ucestalost udesa u rudarstvu samo na
izvoznim postrojenjima je mnogo veca nego kod
konvencionalni oblika transporta. Naime, voZnja
izvoznim postrojenjem moze se smatrati veoma
riskantnim oblikom prevoza. Svakako, svi zaposleni
u rudarskoj industriji su veoma svesni znalaja
bezbednost na radu pa se neprekidno istrazuju nove
metode kako bi se unapredila bezbednost izvoznih
postrojenja. Medutim, s obzirom da su rizici
srazmerno visoki Zeleli bismo ovom prilikom da
detaljnije razmotrimo jednu tehnologiju koja je veé¢
oprobana u praksi, a po nasem misljenju moZe se
jednostavno i uz minimalne izmene primeniti na
rudniCke izvozne sisteme. Osim toga, pomenuta
tehnologija ima beskona¢nu primenu, nije agresivna
i ne zahteva energetsko napajanje, kontrolne sisteme,
a ni posebno odrzavanje. Ova tehnologija poznata je
pod imenom Kocioni sistem na bazi permananme
magnetne vrtlozne struje.

KOCIONI SISTEMI NA BAZI VRTLOZNE
STRUJE (ECB)

Zacetnik ECB tehnologije je Hajnrih Lenc. Ruski
fizicar Hajrih Lenc 1834 godine pronasao je
direktnu vezi izmedu indukovanih magnernih
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induced magnetic fields, voltage, and current
when a conductor is passed within the lines of
force of a magnetic field. Lenz's law states:

"An induced electromotive force generates a
current that induces a counter magnetic field
that opposes the magnetic field generating
the current."

For those who may not recall this electro
magnetic relationship, or may not be familiar

with it, the phenomenon can be simply
explained this way: when an electrically
conductive material is passed through a

magnetic field, an electromotive force (e.m.f.)
is induced in the conductor which produces
eddy currents, the eddy currents further
producing a force that opposes the motion of
the conductor.

The ECB takes advantage of this opposing
e.m.f. as a braking force. Furthermore, at low
speeds, the value of the force is proportional
to the velocity of the conductor through the
magnetic field. Thus, the faster the conductor
traverses the field, the greater the resistance to
that motion.  Conversely, as the motion
decelerates, the resistance decreases. The
overall effect is a nearly linear, self controlled
deceleration of the conductor.  Therefore,
attaching a conductor to a moving object in
the path of a magnetic field of suitable
strength, creates a brake system.

Since Lenz’s time many attempts have been
made at developing useful ECB’s. Most have
been linear devices built around the use of
electro magnets in order to achieve suitable
magnetic field strengths. A drawback to
electro-magnetic ECB’s is the necessity for a
very reliable electrical source and controlling
system. Permanent magnet, (PM), ECBs offer
many advantages over electro-magnets in
safety, reliability, and wuse in hostile
environments. Until recently, PM ECB’s
were not scalable to industrial use because of
the limitations of PM field strength and field
retention.  With  the development of
neodymium-iron-boron magnets, and their
explosive  growth in  many industries,
including disk drives and electric motors, PM
ECB’s  have  become  practical  and
economically feasible on a scale suitable for
mining, railways and transportation.
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polja, napona i struje pri kretanju provodnika kroz
sile magnetnog polja. Lenzov zakon glasi:

«Indukovana elektromotorna sila proizvodi struju
koja indukuje oprecno magnetno polje koje se
suprotstavlja magnetnom polju koje proizvodi
struju»

Za one koji ne poznaju dobro princip funkcionisanja
elektromagneta ovaj fenomen se moze jednostavno
objasniti na slede¢i nacin: kada se materijal koji je
provodnik elektricne energije kre¢e kroz magnetno
polje dolazi do indukovanja elektromotorne sile
(e.m.s.) u provodniku koja proizvodi vrtloZznu struju
Sto dalje generise silu koja se suprotstavlja kretanju
provodnika.

ECB sistem koristi snagu oprecne elektromotorne
sile kao kocionu silu. Osim toga, pri malim brzinama
vrednost sile je proporcionalna brzini kretanja
provodnika kroz magnetno polje. Prema tome, Sto je
brzina kretanja provodnika koz magnetno polje veca
to je veci otpor njegovom kretanju i obrnuto, pri
smanjenoj brzini otpor raste. Krajnji rezultat
predstavlja linearno usporavanje provodnika koje je
u sustini samo-podesivo. Prema tome, efekat kocenja
postiZe se jednostavno postavljanjem provodnika na
predmet koji se kre¢e kroz magnetno polje
odgovarajuce jacine.

Jo$ od Lencovog vremena bilo je puno pokusaja da
se pronade korisna i prakti¢na primena ove metode.
U vecini slucajeva to su bili linearni uredaji koji su se
zasnivali na upotrebi elektromagneta u cilju stvaranja
elektromagnetnog  polja  odgovaraju¢e jacine.
Nedostatak elektromagnetnih ECB sistema sasoji se
u tome S$to je neophodno obezbediti pouzdano
napajanje elektricnom energijom i odgovarajudi
sistem upravljanja. ECB sistemi koji se zasnivaju na
principu permanentnih magneta (PM) imaju puno
prednosti u odnosu na elektromagnetne sisteme kao
Sto su veéi stepen bezbednosti, pouzdanosti i
moguénost primene u teSkim uslovima. Donedavno,
ECB sistemi na bazi permanentnih magneta nisu bili

primenljivi  u  industrijskim  uslovima  zbog
ograniene snage 1 retencije  permanentnog
magnetnog  polja.  Medutim, pronalazak 1

unapredenje neoimijum-gvozde-boronskih magneta i
njihova intenzivna primena u raznim granama
industrije kao na primer kod elektromotora i pogona
diskova, ECB sistemi sa permanentnim magnetima
poceli su masovno da se koriste kao veoma prakti¢an
i ekonomi¢an metod u rudarstvu, Zeleznici i
transportnoj industriji.
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The electro-dynamic description of how the braking
force is generated is given as follows: Consider a
wire carrying DC current, traveling in the x direction
with velocity v over an electrically conducting plate
(Figure 1). The wire is infinitely long in the y-
direction. The wire creates a moving magnetic flux
and induces currents in the plate and hence levitation
and drag forces. The magnetic drag force acting on
the wire in the -x direction is given by the formula
below and graphed in Figure 2:

- VY

fo=F, (1)

%, 3
vty

At low speeds (speeds where v << vp) the
braking force increases approximately linearly
with speed. Force F, is the "image force," or the
force that acts on the wire as if there was an
identical wire on the other side of the plate and
the plate were removed. As speed is increased,
the braking force increases until the “‘drag peak”
velocity v is reached. The “drag peak™ velocity
1s given by:

2
uo’l’

v pk

where oand ju are the electrical conductivity and
magnetic permeability of the plate and T is its
thickness. The important functional dependencies
of the magnetic drag force are :

At low velocity, magnetic drag is linearly
proportional to velocity.

The drag force reaches a peak value at a
finite velocity v.

Above the drag peak velocity, the drag
force decreases as 1/v.

The drag peak velocity is lower for a
thicker plate.

U nastavku je dat elektrodinamicki opis
nastanka kocione sile: kroz Zicu propusta se
jednosmerna struja koja se krece u smeru x
brzinom v kroz plocu koja je elektro
provodnik. U smeru y Zica je beskonaéno
dugacka. Zica stvara poketni magnetni fluks i
indukuje struju u plo¢u S§to dovodi do
nastanka levitacije i1 sila otpora. Magnetna
sila otpora koja deluju na Zicu, koja se pruza
u smeru x, data je u sledecoj formuli i
prikazana na slici 2:

(1)

Pri malim brzinama (gde su brzine v << vy)
kociona sila raste priblizno linearno sa brzinom.
Sila F, predstavlja «odraz u ogledalu» odnosno
silu koja deluje na Zicu kao da postoji identi¢na
Zica na drugoj strani plo¢e. S porastom brzine
raste i koCiona sila sve do brzine «vr§nog otpora»
Vek- Brzina «vr$nog otpora» data je u:

o2
pk ﬂﬂ

gde oi p predstavljaju elektricnu provodljivost i
magnetski propustljivost ploce, a 7 predstavlja
debljinu plo¢e. Znacajne funkcionalne zavisnosti
magnetskih sila otpora su:

pri malim brzinama magnetni otpor je
linearno proporcionalan sa brzinom,

sila otpora dostiZze vr$nu vrednost pri
konac¢noj brzini v,.

kada se brzina vr$nog otpora prevazide
sile otpora se smanjuju, 1/v.

brzina vr§nog otpora je manja kod ploga
koje imaju vecu debljinu.

z
OQ=—» T
®
§_ O

U, o

*

Figure I Current-carrying wire traveling over a stationary conducting plate
slika 1 Zica provodnik koja se krece iznad stacionarne provodnicke ploce
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Figure 2. Braking force vs. speed for current-carrying wire traveling over a stationary conducting
plate
slika 2 Kociona sila nasuprot brzini Zice provodnika koja se krece iznad stacionarne provodnicke
ploce

A magnetic brake may be designed using
permanent magnets, as shown in Figure 3.
Permanent magnets and backiron create a
closed magnetic circuit. The magnets have
width w,, and pole pitch p. The conducting fin
has thickness 7" and there is a relative velocity
v between the magnet array and fin.

Magnetna kocnica moze biti konstruisana od
permanentnog magneta kao $to je prikazana na slici
3. Permanentni magneti i deo sklopa poznat kao
«bekajron» koji je smesten izmedu kuciSta motora i
namotaja statora stvaraju zatvoreno magnetno kolo.
Sirina magneta je w,, a razmak izmedu polova p.
Debljina provodnickih peraja je T a relativna brzina
izmedu magnetnog sklopa i peraja je v.

p z
IS/ e
Conducting fin * —> vV
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Figure 3 Double sided permanent magnet brake
slika 3 Dvostruki kocioni sistem sa permanentnim magnetima

20
















































