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EMERGENCY BRAKING OF A MINE HOIST IN THE CONTEXT
OF THE BRAKING SYSTEM SELECTION

HAMOWANIE AWARYJNE (KRANCOWE) URZADZENIA WYCIAGOWEGO
—DOBOR UKLADU HAMUJACEGO

The paper addresses the selected aspects of the dynamic behaviour of mine hoists during the emer-
gency braking phase. Basing on the model of the hoist and supported by theoretical backgrounds provided
by the author (Wolny, 2016), analytical formulas are derived to determine the parameters of the braking
system such that during an emergency braking it should guarantee that:

— the maximal loading of the hoisting ropes should not exceed the rope breaking force,

— deceleration of the conveyances being stopped should not exceed the admissible levels

Results of the dynamic analysis of the mine hoist behaviour during an emergency braking phase
summarised in this study can be utilised to support the design of conveyance and rope attachments by
the fatigue endurance methods, with an aim to adapt it to the specified operational parameters of the
hoisting installation (Eurokod 3).
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W referacie przedstawiono wybrane problemy dynamiczne zwiazane z awaryjnym (krancowym)
hamowaniem naczyn wydobywczych gérniczego urzadzenia wyciagowego. Bazujac na modelu urza-
dzenia oraz rozwazaniach zawartych w opracowaniu autora (Wolny, 2016) podano wzory analityczne
z pomoca ktérych mozna wyznaczy¢ parametry uktadu hamujacego, ktérego zastosowanie do awaryjnego
(krancowego) hamowania, gwarantuje ze:

— maksymalne obcigzenie lin no$nych nie przekroczy wartosci sily zrywajacej liny,

— opoznienie hamowanych naczyn nie przekroczy opéznienia dopuszczalnego.

Whyniki analizy dynamicznej pracy urzadzenia wyciagowego w warunkach hamowania (krancowego)
awaryjnego, zawarte w referacie moga stanowi¢ podstawy do poprawnego zaprojektowania np. elementéw
zawieszen naczyn i lin wyréwnawczych, rowniez z wykorzystaniem metod wytrzymatosci zmgczeniowej,
dla konkretnych parametréw eksploatacyjnych wyciagu (Eurokod 3).

Stowa kluczowe: wyciag gorniczy, dynamika, obciazenia, hamowanie awaryjne
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1. Introduction

Emergency braking cycles when the braking force is applied directly to conveyances which
have begun an overtravel have already received a great deal of attention from researchers (Wolny,
1988, 2003). However, no analytical formulas are provided which could be used to determine the
parameters of the braking system such that it guarantee that the maximal loading of the hoisting
ropes should not exceed the rope breaking force and that the deceleration of the conveyances
being stopped should not exceed the admissible level. This statement refers to analytical stud-
ies only because some attempts have been made to handle the problem by numerical methods
(Klich, 1980). The numerical data: displacements of selected model points in the conditions of
emergency braking in relation to predetermined parameters of the braking system can be derived,
though the accuracy of the model has to be taken into account as well. Though useful for the
practitioners, obviously such solutions could not be used in the analysis of the system’s sensitiv-
ity to variations in input parameters (parameters of the braking system) during the emergency
braking in an event of an overtravel.

This study is focused on finding an analytical solution the outlined problem, or in other
words, its purpose is to determine the displacements of the hoisting and tail ropes’ cross-profiles
in the two conveyances during an emergency braking phase in the function of parameters of the
braking system by analytical methods. The solutions are underpinned by theoretical backgrounds
and use the hoist model provided in the work by (Wolny, 2016).

This study is limited to finding the maximal loads acting on the hoisting ropes and decelera-
tion of the conveyances in the event of emergency braking using the system whose characteristic
is given in Fig. 1.

This characteristic of the braking system is corroborated by the results of dynamic testing
done on braking system solutions in widespread use in Poland and world-wide (Wolny, 2003).
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Fig. 1. Dynamic characteristic of the braking system; /(L) — distance of braking force increase: K(kg) — coefti-
cient expressing the braking force increase; £y(7,) — time of the braking force increase over the distance /y(Ly),
P, — braking force, [, — braking distance

2. Emergency braking of mine hoists

The work by (Wolny, 2016) provides analytical formulas to derive the displacements of
any cross-profiles of hoisting and tail ropes during an emergency braking phase, i.c. whilst the
braking force is applied to act on the conveyance.
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Recalling (Wolny, 2016), these formulas can be given in a simplified form, following an
assumption that:

w

ALE, _AyEy AE
a,  ay a’

w

This assumption holds true for tower — type gears, which was verified in practical applica-

tions (Knop, 1975).
Accordingly, we get:
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In consequence we get the following equalities:
hy=Zhy=h,
D19 = 0y = O

Finally, the dependencies expressing the displacements of rope cross-profiles can be writ-

ten as:
— for tail ropes
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— for hoisting ropes:
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u*(x,t); v¥(y,t) are respective displacements of cross-profiles of tail ropes and hoisting ropes
at the distant of x, y from the mobile coordinate systems associated with the mass M, and
M, (for t = 0). Those displacements are calculated in the coordinate systems whose origins
at the instant # = 0 coincide with the masses M, and M, and which move at the velocity
Vy = const, which is the speed with which all hoists elements move at the initial moment,

and
l, —

Vo —
AwEyw, ANEy —
k, kg —

length of the hoisting rope section between the conveyance being stopped
in the headgear tower and the Koepe pulley at the instant the emergency
braking phase begins (Fig. 1),

velocity of the conveyance beginning an overtravel,

tensile rigidity of tail ropes and hoisting ropes, respectively,

coefficients expressing the braking force increase in the tower and at the
pit bottom, respectively (Wolny, 1988).
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3. Emergency braking effects

In the light of major consequence of emergency braking, these aspects seem to be of key

importance:

» loads acting upon a short section of hoisting ropes between the conveyance being ar-
rested in the headgear tower and the Keope pulley so that the frictional contact between
the hoisting rope and the pulley should not be disturbed, and in consideration of the fact
that the length of this rope section may become zero,

* deceleration of conveyances being arrested in the headgear tower or at the pit bottom
should not exceed the admissible levels

3.1. Maximal loads acting on the rope section between
the conveyance being arrested in the headgear tower
and the Keope pulley

Loads acting upon this section of the hoisting rope in the first stage of the emergency brak-
ing phase (until the return of the elastic deformation wave) can be obtained from the formula
(Wolny, 2016):

SZV = ANIEN [u*(x:o,t)+v*(y:0,t)] 3)
1

Recalling Eq. (1) and (2), after necessary transformation Eq. (3) becomes:

—ht
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The extreme value of the expression (4) is found for the time ¢, given by the formula:

t= arctg %)
20 -0 20t -1
The extreme value of (4) is expressed by the following dependence:
kVy h| o nY
S = 1 I | |- (6)
Nmax 2 @ |2w;—h 2,

Rearranging, we get:

o kW 1 '1+\/l_l(AEj.(l_lj ; o
Va2 2a 2_( AEMIIJ 4\ 2Ma ) \ 2a

2Ma 2a



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

Limiting the load acting upon this rope section such that it should not exceed the rope break-
ing force is one of the basic conditions underlying the selection of parameters of the braking
system, guaranteeing its safe operation.

This condition can be expressed as:

*

Sy, <87, (®)

Nl“‘dX
where: Sz, — force breaking the hoisting ropes.

Recalling Eq. (7), the dependence (8) gives the value of the parameter &, governing the
behaviour of the braking system in the overtravel zones, ensuring its correct performance and
preventing rope breaking.

The value of the parameter & for the device arresting the conveyance in the headgear tower
is given by:

Sz,

N (9)

e 2_[ A;Mz]ﬂ”\/li(;ﬁfaj(zllﬂl

2Ma 2a
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The inequality (9) involves certain hoist parameters which are beyond control of those
responsible for engineering design of the braking systems, including:

* a=3700 m— velocity of elastic wave propagation in ropes

« E=1,1-10° MPa — modulus of elasticity (the velocity of elastic wave propagation in
ropes is calculated based on this value)

* [;=(30+50) m — length of the hoisting rope section between the conveyance being ar-
rested in the headgear tower and the Koepe pulley at the instant the emergency braking
phase begins (for typical tower-type gears operated in most collieries in Poland)

As regards the remaining parameters present in formula (9), the cross-profile of hoisting
ropes, denoted by 4 and dependent on the payload O, and the weight of the conveyance with all
necessary equipment Q,,, is expressed as the total mass M of the conveyance with payload, in
accordance with the relevant provisions of the Regulation by the Minister of Economy (2002).
The value of the expression AE/2Ma falls in the range 0,8+1,2 1/s and /;/2a ranges from 4 to
7107 [s].

Thus, the value of the expression

1 1{ AE \ |,
—_— 1+ 1= — | = |1
2_( AE)I1 4\2Ma) 2a
2Ma 2a (10)
falls in the range (1+3.75)- 107 for most hoist installations operated in Polish collieries. Accord-
ingly, inequality (9) becomes
4a 2
ksj-(3+7)-10 s, (11)
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The expression (11) can be utilised to support the selection of the braking system where the
value of the coefficient of braking force increase k£ guarantees the secure arrest of the conveyance
in the event of an overtravel and ensures the rope will not be broken.

The value of 3 should be adopted in the case of hoist installations where 2‘;15 >12 [l}
a s

and /; > 1,50 m and the value of 7 — for installations in which

E SO,?{l} and /; <30m. The
Ma s

exact values of the parameter & of the braking system should be derived basing on formula (9).

3.2. Deceleration of conveyances being arrested

Another aspect to be considered when selecting the parameters of the braking system is the
need to restrict the deceleration of the conveyance during an emergency braking. For a convey-
ance being arrested in the head tower, this condition can be written as:

o x=0,¢t
angﬁadop (12)

where:
a4, — admissible deceleration of conveyances being arrested (one in the topmost
position and the other in the lowermost),
u*(x=0,7) — displacement of the top conveyance — formula (11) (Wolny, 2016).

In the event of emergency braking of the bottom conveyance, the condition (12) can be

expressed as:
oV (y=0,1)

4y =" S (13)
where: v¥(y =0, f) — displacement of the bottom conveyance during an emergency braking (given
by formula (12) and substituting y = 0) (Wolny, 2016).

Further analysis should be restricted to emergency braking of the conveyance in the headgear
tower. Recalling formula (11) (Wolny, 2016), Eq (12) becomes:

ot (x =0, Z)

a =—=
g aIZ

—ht
J% 4—lh—ﬁe_2ht+%~%-sin[,/2a)§—h2 -t} (14)
\20y —h
Designations as above.

The expression (14) has its extreme value for the time z, given by the formula:

208 - 1?
t= 2 arcsin 2 (15)

208 —h? \/Ewo
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Hence, the extreme deceleration of the top conveyance in the event of emergency braking

can be obtained from the formula:
«/2503 —h?

1 h .
———eXp| —————=arcsin——— |+
h h 205 —h? V20,
«[2a)2—h2
LD UL U SN D e o] (16)

25 —h? \/Ewo

2a; —h?
\/5(00

¢ M 2 \[2w§—h2

-sin| 2arcsin

After necessary substitutions and recalling w, >> A, the simplified expression (16) becomes:

37 -
L A U B S (17)
g 2AF Ma2
g. M4y
AE,

Reducing the deceleration of the conveyance being arrested in the head tower such that the
admissible deceleration limit should not be exceeded is another major condition underlying the
selection of parameters of the braking system, guaranteeing its safe operation. For the convey-
ance being arrested in the headgear tower, this condition can be written as:

ag " < g, (18)

where: a4, — admissible deceleration of a conveyance arrested in the headgear tower.

Recalling Eq. (18), the formula can be derived that gives the value of the parameter &, govern-
ing the behaviour of the braking system in the overtravel zones, ensuring its correct performance
(and preventing the admissible deceleration levels from being exceeded).

k< adop

(19)

Similar to (9), the inequality (19) contains the same constant parameters of the hoist in-
stallation which are beyond control of design engineers responsible for the braking system de-
sign.
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AE
Recalling that the value of M falls in the range (0,8+1,2) 1/s and /;/2a is in the range

a
(4+7)- 107 s, the value of the expression

1—exp| —————— (20)
Ma\a
AE )1,

will fall in the range 0.22+0.32.
Substituting into (19), we get:

k< (3,0+4,5)2A;E-adop (21)
Vya

0

The expression (21) can be utilised to support the selection of the braking system where
the value of the coefficient of braking force increase k should guarantee the secure arrest of the
conveyance in the event of an overtravel, preventing the admissible deceleration levels from
being exceeded.

4. Summing-up

Th analysis of the dynamic behaviour of a mine hoist in an event of overtravel of a convey-

ance was conducted to derive the following parameters:

» maximal load acting upon a short section of a hoisting rope between the conveyance
being arrested in the head tower and the Koepe pulley (including the loads acting on the
conveyance attachments),

» maximal deceleration of a conveyance (this study is limited to finding the maximal de-
celeration of a conveyance being arrested in the head tower).

Analytical formulas are derived to determine the parameters of the braking system such that
during an emergency braking phase it should guarantee that:

— the maximal loading of the hoisting ropes should not exceed the rope breaking force,

— deceleration of the conveyances being stopped should not exceed the admissible levels.

Results of the dynamic analysis of the mine hoist behaviour during an emergency braking
phase summarised in this study can be utilised to support the design of conveyance and rope at-
tachments by the fatigue endurance methods with an aim to adapt it to the specified operational
parameters of the hoisting installation.
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