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Abstract The operating principle of movable fender beams is different from that of fixed beam, he

main differences are as follows:

- fender beams are attached at the beginnings, not at the ends, of the free way

- conveyance catchers are connected with movable fender beams

- movable fender beams slide on braking strips of the frictional arresting system and are able
to move with the conveyances over the whole free way length

Finally, dynamic loads imposed on fender beams, bearing structures in headframes , conveyance

heads, ropes and other hoist elements are considerably lower than those produced when

conveyances crash into fixed fender beams

Operating tests and tests in laboratory condmons presented in this study confirm the obvious

advantages of movable fender beams.

Resume: Prevddzkovy princip pohyblivych ndaraznikovych rostov je odlisny od pevnych rostov.

Hlavné rozdiely su:

- naraznikové rosty su pripojené na zaciatku, nie na konci volného oddelenia sachty

- dopravné zachyty siu spojené s pohyblivymi ndrazovymi rostami

- naraznikové roSty sa posuvajii po brzdovych pdsoch frikéného zdchytného systému a su
schopné pohybovat sa dopravaym zariadenim cez celi dizku Sachty.

Dynamické zataZenia posobiace na ndraznikové rosty, na nosné konstrukcie v taznych veZiach,

na dopravné chodby, land a iné tazné prvky su znacne nizsie ako tie, ktoré su vyvolané pri

narazeni dopravného zariadenia do pevnych ndraznikovych rostov.

Prevadzkové testy a testy v laboratérnych podmienkach prezentované v tejto §tidii potvrdzuji

evidentné vyhody pohyblzvvch ndraznikovych rostov.

1. INTRODUCTION

In the last few years the number of operating hoists in
Polish mines was reduced from 750 to 400 because of
mine closures and production cut-backs. Further more
mine closures are planned in the future. However, the
number of operating hoists will be still large. Shaft
hoists remaining in operation will have to carry
increased loads, while some shafts will be deepened.

UvoD

V' poslednych rokoch bol pocet taznych jam v
pol'skych baniach zredukovany zo 750 na 400 z
dovodu uzatvdrania bani a redukovania vyroby.

Okrem toho st vSak uzatvdrania bani planované aj v
budticnosti. AvSak mnozstvo taznych jam bude stdle
vel'ké. Zostavajuce funkéné tazné zariadenia budua
musiet’ uniest’ zvySené zatazenia a niektoré Sachty
budu prehibené.
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Because of increased loads and deeper shafts,
hoists will have to be adapted to new operating
conditions. This adaptation ought to be cost-
effective, yet the required safety standards have
to be maintained. This study is concerned with
emergency conveyance arresting systems.

Authors provide the description of a novel
solution - emergency arrestors in movable
fender beams. This solution prevents

conveyance crashing into the fixed fender beams
at the travel end, which may lead to reduced
costs of hoist modernisation as additional
headframe reinforcements or reconstruction
would not be needed. Furthermore, conveyances
and other hoist elements could be lighter.

2. EMERGENCY ARRESTING SYSTEMS AND
MOVABLE FENDER BEAMS

The requirements as to design, construction and

technical acceptance, operation and maintenance of

arrestors in headframes and sumps are set forth in
relevant legal documents relative to mining [ 1, 2].

In accordance with “Requirements as to construction
and operation and maintenance of mine hoists” being

the part of the regulation issued by the Ministry of

Industry and Commerce of 14" April 1995 relating to
work safety, operations and prevention in
underground mines [2], two types of arrestors can be
distinguished:

fire

basic arresting systems
— supplemental emergency arrestors

Basic arresting systems include reinforced wooden
guides or frictional arrestors HS2W-1 and HS2W-2
[3].

The operating principle of movable fender beams is
described in the patent specification (RP 170049) [4],
see Fig 1. Movable fender beams - | situated at travel
beginnings are installed as sliding over braking strips
in frictional arresting devices - 2. Special safety
catchers - 3 are incorporated in movable fender
beams -1 and act as gripping devices connecting the
conveyances with beams via special catches - 7
attached to the conveyance head - 4. From the moment
emergency braking begins, the conveyance is blocked
by the brakes so that after the conveyance is brought
to rest when the rope is broken, it is suspended on the
structure holding the frictional arresting system. As
soon as the kinetic energy is absorbed, the conveyance
is stopped and the catches will be suspended on
arrestor bolts. Friction forces between the
brakes and braking strips convey the total load of the
conveyance with the transported material and the

friction
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Z dovodu vysiicho zatazenia a prehibenia sacht sa
budi  musiet tazné jamy adaptovat na nové
prevadzkové podmienky. Tato adaptacia by mala byt
efektivna z hladiska finanénych nakladov, no taktiez
musi byt udrzand pozadovana bezpe€nostna uroven.
Téato studia sa zaobera bezpecnostnymi dopravnymi
zdchytnymi systémami.

Autori poskytuji opis nového riesenia bezpecnostnych
zdchytov v pohyblivych ndraznikovych rostoch. Toto
rieSenie zabranuje dopravnym zariadeniam narazit' do
pevnych naraznikovych rostov na konci pohybu, ¢o
moéze  viest k  redukcii  finanénych  ndkladov
modernizécie tazby, kym dodatocné zosilnenia taznej
veze alebo konstrukcie nebudu potrebné. Okrem tohto
faktu dopravné zariadenia a dalSie tazné prvky by
mohli byt TI'ahsie.

2. BEZPECNO§ FN’F: ZACHYTNE SYSVTF,MY A
POHYBLIVE NARAZNIKOVE ROSTY.

Poziadavky na dizajn, konstrukciu a technické
schvdlenie, prevadzku a udrzbu zachytov v taznych
veziach a zumpach su uvadzané v prislusnych pravnych
dokumentoch vztahujucich sa na banictvo [ 1,2].

Podl'a "Poziadavky na konstrukciu, prevadzku a udrzbu
taznych zariadeni", ktoré s sacastou predpisu
vydaného Ministerstvom priemyslu a obchodu zo 14,
aprila 1995 a vztahuji sa na bezpe€nost prace,
prevadzku a poziarnu prevenciu v podzemnych baniach
[2], sa rozliSuju dva typy zachytov:

- zdkladné zdchytné systémy
- doplnkové bezpecnostné zachyty

Zdkladné zachytné systémy obsahuji zosilnené drevené
sprievodnice alebo brzdné zachytavace HS 2W-1 a
HS2W-2 [3].

Previddzkovy princip pohyblivych ndraznikovych
roStov je opisany v Specifikdcii patenta  (RP170049)
[4]. Vid obr. 1. Pohyblivé néaraznikové rosty : - 1.
situované na zaciatku drahy su inStalované pri postvani
sa cez brzdové pasy v trecich zdchytnych zariadeniach
- 2. Specialne bezpecnostné zachyty - 3.st vélenené v
pohyblivych ndraznikovych rostoch - l.a funguji ako
upinacie zariadenia  spdjajice dopravni nddobu s
nosnikmi cez Specidlne prichytky - 7. pripojené k
dopravnej chodbe - 4. V momente zaciatku niidzového
brzdenia je dopravnd nddoba zablokovand brzdami,
takze ked” uz je bez pohybu v pokoji a lano je
pretrhnuté, tak je dopravné zariadenie zavesené na
konstrukciu drziacu treci zachytny systém. Akonahle je
absorbovand kinetickd energia, dopravné zariadenie je
zastavené a prichytky budi zavesené na zachytdvacie
svorniky. Trecie sily medzi trecimi  brzdami a
brzdovymi pasmi privedu celkové nalozenie dopravnej
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balance rope to the overwind structure in the

headframe.

The main advantage of this solution is that when a
conveyance crashes into movable beams the structural
clements of the headframe - 11, conveyance head - 4
and fender beams convey much smaller dynamic
forces than those generated when the conveyance
crashes into a fixed beam. Therefore, these elements
might be lighter than in most classical solutions.
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nadoby s transportovanym materidlom a vyrovndavacim
lanom k previnutej kostrukcii v taznej vezi.

Hlavna vyhoda tohto riesenia je v tom, ze ked
dopravnd nddoba do  pohyblivych rostov,
Strukturdlne prvky taznej veze - 11, dopravna chodba
- 4 a naraznikové rosty udeluji omnoho mensie
dynamické sily ako ktoré vzniknd pri ndaraze do
pevného rostu. A preto ticto prvky mozu byt lahsie
nez vo vicsine klasickych rieseni.

narazi

I - belka odbojowa,
’ 2 - urzagdzenie do awaryjnego hamowania
HS2W - 2,
3 - urzadzenie do przechwytywania naczynia
( podchwyt ),
4 - glowica naczynia,
5 - podktadka elastyczna,
6 - naczynie,
7 - zaczep,
7 8 - krazki prowadnicze,

9 - prowadnica slizgowa,
10 - prowadnik,

|1 - trzon wiezy

Figure I Emergency system for convevance braking HS2W-2
- emergency arresting device HS2W-2, 3 - safety carcher, 4 - convevance head, 5 - elastic

| - fender beam, 2

2 in movable fender beams [4]

element, 6 — convevance, 7 — catch, 8 - guide rvollers, 9 - liding guide, 10 - guide shoe, 11 - overwind structure in

headframe

Obrazok I Nidzovy svstém pre brzdenic dopraviej nadoby HS 2W-2v pohyblivych naraznikovych rostoch [4]
[ - ndraznikovy rost . 2 - nudzové zdachviné zariadenie HS 2W-2, 3 - bezpecnostny zachytavac , 4 - dopravnd
7 - prichvtka, 8 - vodiace valéeky, 9 - priklopné vodice,

chodba, 5 - elasticky prvok, 6 - dopravné zariadenie,

10 - vodiace potrubie, 11 - previnutda konstrukeia v taznej vezi
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3. THE SCOPE AND OBJECTIVES OF
INDUSTRIAL TESTS

The main objective was to find the real parameters of
simulated overwind travels when the conveyance is
brought to rest at movable fender beams. Emergency
braking during simulated overwind travels (between
the levels of loading and unloading) of a conveyance
with nominal load of 9000 kg moving at the speed
0,5-2 m/s? was carefully examined.

In order to determine the real parameters of
emergency braking at movable fender beams the
following parameters were measured:

forces acting upon braking slips of the frictional
arresting systems

forces acting upon hoisting ropes

cage deceleration during braking

conveyance head displacement during braking

Industrial testing involved four overwind travels of the
cage at the velocity 0,5; 1,0; 1,5 and 2 m/s. Recorded
values of dynamic forces measured in hoisting ropes
and braking strips are presented in Fig 2 and 3.

4. ANALYSIS OF RESULTS

The analysis of thus obtained results leads us to the
conclusion that the maximal dynamic force both in the
ropes and in the braking strips would always appear
when the frictional arresting systems reached the
maximal braking power. The maximal values of
measured dynamic forces generated in the elements of
the decelerated systems are:

dynamic forces acting upon hoisting ropes:
123 kN - at 0,5 m/s’

262 kN - at 1,0 m/s’

292 kN- at 1,5 m/s’

333 kN - at 2,0 m/s’

dynamic forces acting upon braking strips
158 kN- at 0,5 m/s’

264 kN- at 1,0 m/s’

365 kN - at 1,5 mys’

406 kN - at 2,0 m/s’

Forces acting upon hoisting ropes and braking strips
are nearing the value of the calculated force for the
frictional arresting system (360 kN). We have to bear
in mind that the full braking power is achieved when
the conveyance moves at 1,5 m/s’. For velocities less
than 1,5 m/s the kinetic energy of the hoist is too small
and the nominal braking force of the braking system
could not be produced. As far as deceleration is
concerned, the values of the order 20-80 m/s? were
obtained for cage stopping and 80-200 m/s’ for the
system of movable fender beams. These are maximal
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3. ROZSAH A CIELE PREVADZKOVYCH
TESTOV

Hlavnym ciel'om bolo ur¢enie skutoénych parametrov
simulovanych previnutych dréh, ked je dopravné
zariadenie bez pohybu v pokoji v pohyblivych
naraznikovych  roStoch. Nudzové brzdenie pocas
simulovanych previnutych drah (medzi tGroviiami
zatazenia a vylozenia) dopravne] nadoby s
nominalnym zatazenim 9 000 kg pohybujucim sa
rychlostou 0,5 - 2 m/s® bolo dokladne preskimané.

Na urcenie skutoénych parametrov nudzového
brzdenia v pohyblivych ndraznikovych roStoch boli
zmerané nasledujlce parametre:

sily v rdmci brzdovych pdsov trecich zdchytnych
systémov

sily v ramci taznych lan

spomal’ovanie klietky pocas brzdenia

posunutie dopravnej chodby pocas brzdenia

Prevadzkové testovanie zahfiialo 4 previnuté drahy
klietky pri rychlosti 0,5; 1,0, 1,5 a 2 m/s?.
Zaznamenané hodnoty dynamickych sil namerané v
taznych lanach a brzdovych pasoch su zobrazené na
obrazkoch 2 a 3.

4. ANALYZA VYSLEDKOV

Analyza takto ziskanych vysledkov nds vedie k
zaveru, ze maximalna dynamicka sila pri lanach aj pri
brzdovych pasoch sa vzdy objavila, ked trecie
zichytné systémy dosiahli maximdlnu brzdiacu
silu.Maximalne hodnoty nameranych dynamickych sil
vzniknutych v prvkoch spomal'ovanych systémov si:

- dynamické sily v rdmci taznych lan:
123kN - pri 0,5 m/s"2
262kN - pri 1,0 m/s"2
292kN - pri 1,5 m/s"2
333kN - pri 2,0 m/s"2
- dynamické sily v rdmci brzdovych pdsov
158kN - pri 0,5 m/s"2
264kN - pri 1,0 m/s"2
365kN - pri 1,5 m/s"2
406kN - pri 2,0 m/s"2

Sily v ramci taznych lan a brzdovych pasov su blizke
hodnote vypocitanej sily pre treci zachytny systém
(360 kN). Musime v8ak mat na zreteli, ze celkova
brzdiaca sila sa dosiahne, ked’ je pohyb dopravnej
nadoby 1,5 m/s%. Pri rychlostiach nizsich nez 1,5 m/s*
je kineticka energia tazby prili§ mald a nomindlna
brzdiaca sila brzdového systému nemdze byt
produkovana. Akonahle je spomalovanie zahdjené,
boli dosiahnuté hodnoty spomal'ovania 20-80 m/s* na
zastavenie klietky a 80-200 m/s’ pre systém
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instantaneous values of deceleration, maintained for  pohyblivych ndraznikovych roStov. To st maximdlne
short periods only (0,02 - 0,03). The whole braking  okamzité hodnoty spomal'ovania, ktoré sa udrzia len
process (i.e. till the conveyance was brought to rest)  krdtku dobu (0,02 - 0.03 s).Celkovy brzdiaci proces
lasted about 0.3 s. For the purpose of this analysis  (tj. pokial' nie je dopravna nadoba bez pohybu v
certain criteria had to be assumed: pokoji) trval oklolo 0.3s. Za acelom tejto analyzy
musia byt prijaté urcité kritéria:
- admissible deceleration of vibrations
- admissible upper frequency limit. - pripustné spomalenie vibracii,
- pripustny horny limit frekvencie.

5
2w 2

Figure 2 Recorded values of dvhamic forces acting upon hoisting ropes, cage deceleration and acceleration of
movable fender beams at the instant the cage reaches the arrestor at 2.0 m/s”
Obrdazok 2 Zaznamenané hodnoty dnamickych sil pre tazné landa, spomalovanie klietky a akcelerdaciu
pohvblivich naraznikovych rostov v okamihu, ked klietka dosiahne zachytavac pri 2,0 m/s”
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Figure 3 Recorded values of dvnamic forces acting upon four braking strips at the instant the cage reaches the
arrestor at 2,0 s’
Obrdzok 3 Zaznamenané hodnoty dynamickyeh sil v rdamei 4 brzdovych pdasov v okamihu, ked klietka dosiahne
zachytavac pri 2,0 m/s™.
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The criterion of admissible deceleration of vibrations
was specified in accordance with [2], so that the
maximal deceleration of the cage during emergency
braking in headframe should not exceed 10 m/s*. As
far as upper frequency limits were concerned, two
cases were distinguished:

impacts of vibrations on people in the cage
impacts of vibrations on structural elements of the
headframe

In the first case the standard [5] was applied.
Accordingly, it is assumed that in this case the upper
frequency limit should be 20 Hz, which means that
vibrations should not be harmful to people inside the
cage if the admissible deceleration criterion
(i.e. 10 m/s?) should be met throughout the frequency
range 0-20 Hz.

The standards [6, 7] were used to evaluate the impacts
of vibrations on the headframe structure. Accordingly,
the upper frequency limit is 10 Hz. It is sufficient then
that the criterion of admissible deceleration (10 m/s’)

should be met throughout the frequency range
0-10 Hz. Recorded deceleration obtained  from

measurements over the range 0-160 Hz are presented
in Fig 4a. Low-pass filters with upper frequency limits
20 and 10 Hz were then applied and the results are
shown in Fig 4b and 4c.

Opsrnienm datki (0-20

Kritérium pripustného spomal'ovania vibracii bolo
Specifikované podla [2], takze maximalne
spomalovanie klietky poc¢as ntdzového brzdenia v
taznej vezi by nemalo prekro¢it 10m/s*. Akondhle
horné limity frekvencie boli ucastné, rozlisili sa 2
pripady:

narazy vibrdcii na l'udi v klietke,
narazy vibracii na Strukturdlne prvky taznej
veZze.

V prvom pripade bola pouzitd norma [5]. Podla
toho sa predpoklada, ze v tomto pripade horny limit
frekvencie by mal byt 20 Hz, ¢o znamena, 7Ze
vibracie by nemali byt skodlivé na l'udi vo vnutri
klietky, ak by kritérium pripustného spomalovania
(tj. 10m/s?) reagovalo po celom rozsahu frekvencie
0 - 20Hz.

Normy [06,7] boli pouzité na ohodnotenie ndrazov
vibracii na konstrukciu taznej veze.Podla toho je
horny limit frekvencie 10Hz. Je potom dostacujtce,
ze kritérium pripustného spomalovania (10 m 's%) by
reagovalo v celom rozsahu frekvencie 0-10 Hz.
Zaznamenané spomalovania ziskané z merani pri
rozsahu 0-160 Hz su zobrazené na obrazku ¢islo 4.
Nizko priechodné filtre s konkrétnymi limitmi
frekvencie 20 a 10 Hz boli potom pouzité a
vysledky st zobrazené v obrdazkoch 4b a 4c.

czas [s]

3 s )

Obrazok 4 Priebeh zrychlenia klietky pocas brzdenia vo vodiacich kladkdch Rychlost viazdu je 2 m/s.

It follows from Fig 4a and 4b that the admissible deceleration
criterion as set forth in relevant standards [2] is fully met still
leaving nearly 100% margin both throughout the range of
frequencies damaging to the headframe structure (0-10 Hz)
and harmful to people (0-20 Hz).
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Z obrazku 4a a 4b vyplyva, Ze kritérium pripustného
spomal'ovania, zakotvené v relevantnych normach [2]. je plne
uplatiované, ale stale zanechdva takmer 100% rezervu v
celom rozsahu frekvencii skodlivych pre konstrukciu taznej
veze (0 - 10 Hz) a skodlivych pre T'udi (0 - 20 Hz).
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5. CONCLUSIONS

[§)

N

0.

Industrial tests show that kinetic energy of a
conveyance can be safely absorbed over the travel
path using movable fender beams.

Thanks to the application of movable fender
beams, the dynamic forces acting upon overwind
structures in the headframe, conveyance heads,
ropes and other hoist elements during emergency
braking are significantly lower than dynamic
forces produced when a conveyance crashes into
fixed fender beams

Measured values of dynamic forces acting upon
the braking strips and hoisting ropes are nearing
the nominal values for frictional arresting system.
Tests show that the of
deceleration of vibrations, set forth in work safety
standards for mining, is fully met throughout the
frequency range of vibrations that negatively
impact on the headtrame structure (0-10 Hz) and
those harmful to people (0-20 Hz).

Considerable  vibrations appearing  when  the
conveyance 1s brought to rest are produced by
oscillating balance ropes.

Relatively large dynamic forces acting upon the
braking strips (100-200 kN) arc generated also
after braking, when the conveyance 1s alrcady
suspended by safety catchers.

criterion admissible

5. ZAVERY

|98}

S

0.

Prevadzkové testy ukazuju, ze kinetickd energia
dopravného
absorbovana pocas drahy s pouzitim pohvblivych

zariadenia moze byl bezpecne

naraznikovych rostoy

Vdaka aplikacii  pohyblivvch néaraznikovych
roStov st dynamicke sily v rdmci vinutych
konstrukcif v tazne) i ! chodieb

idzového
sily produkované
zariadenia do pevnych

lan a dalSich
brzdenia vyzn:

pri. naraze dopra
naraznikovych rostov.
Namerané hodnoty dynamickych sil v ramci
brzdovych pasov a taznych lan blizke
nomindlnym hodnotdm pre treci zichvtny systém.
Testy  ukazuju, ze  kritérium  pripustného
spomalovania vibracii v pracovnych
bezpecnostnych norméach pre banictvo, je plne
uplathované v celom frekventnom rozsahu
vibricii, ktoré negativne posobia na konstrukciu
taznej veze (0 - 10Hz), a ktoré su skodlive pre
Fudi (0 -20H2)

5.7Znacné vibracie objavujuce sa, ked st dopravng
nadoby bez pohybu v pokoji, st produkované
oscilujacimi vyrovndvacimi lanami.

Relativne
brzdovych pasov (100 - 200kN) su tiez vvtvorené
po brzdeni. ked’ je uz dopravna nadoba zachytena
bezpecnostnymi zachytmi.

st

rozsiahle dynamické sily v rdmci

REFERENCES / LITERATURA:

[1] Geological and Mining Law of 14" February 1994 (Journal of Laws, RP no 27 of 1* March 1994)

[2] Requirements as to construction, operation and maintenance of mine hoists - a supplement no 17 to
the regulation of the Minister of Industry and Commerce of 14™ April 19995 relating to work safety,
operation and fire prevention and protection in underground mines (Journal of Laws, RP appendix

to no 67, item 342 of 19" June 1995)

[3] Patent RP (Republic of Poland) 139894 “System for reducing kinetic energy of a conveyance on a
free way” Patent Office, Republic of Poland, 1985. Authors: J. Hansel, M. Wdjcik, A. Wjcicki,

Z. Smialek

[4] Patent RP (Republic of Poland) no 170049 “System for reducing the kinetic energy of a conveyance
in fender beams”. Patent Office, Republic of Poland, 1996. Authors: J. Hansel, Z. Kawecki,
M. Wojcik, S. Parysiewicz, W. Bochenek, J. Zub, Z. Smialek

[5] Polish standard PN-83/N/-01354. Vibrations. Admissible values of vibrations acceleration - impacts
on human body. Equivalent to ISO 2631 “Guide for evaluation of human exposure to whole-body

vibrations”

[6] Polish standard BN-84/8902-05. Overwind structures in headframes. Static calculations and design

principles.

[7] Polish standard PN-89/G/05500. Tower-type headframes. Machine support structures. Measureinent

and evaluation of vibrations.

[8] Hansel, J, Rokita T, Wojcik M.: Operating tests of movable fender beams in mine hoists. Journals of
the Department of Applied Mechanics of the Silesian Polytechnic no 13/2000. Gliwice, 2000.

31



