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STANISEAW WOLNY *

THEORETICAL AND EXPERIMENTAL ANALYSIS OF LOADS IN MINING TUB
SUSPENSIONS IN THE CONDITION OF OPERATIONAL BRAKING OF A MINE HOIST
FACILITY

TEORETYCZNA 1 DOSWIADCZALNA ANALIZA OBCIAZEN W ZAWIESZENIACH NACZYN
WYDOBYWCZYCH W WARUNKACH HAMOWANIA MANEWROWEGO GORNICZEGO
URZADZENIA WYCIAGOWEGO

The paper presents the results of a dynamic analysis of a mine hoist in the operational
braking condition. Particular emphasis is placed on the analytical determination of incurred
loadings in mining tub suspensions in comparison with the results obtained in actual
practice.
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Obowiazujace obecnie kryteria wymiarowania i projektowania elementdw naczynia
wydobywczego nie odzwierciedlaja pelnej specyfiki pracy gdérniczego urzadzenia wyciago-
wego. Stosowana metoda naprezen dopuszezalnych umozliwia jedynie oceng ich no$nosci,
nie daje natomiast mozliwosci okreslenia ich trwatosci zmeczeniowej.

Potrzebe nowelizacji metod obliczen wytrzymalosciowych elementow urzadzenia wycia-
gowego stwierdzono juz przed kilkunastu laty, czemu towarzyszyto podjecie szeregu prac
teoretycznych i badawczych miedzy innymi (Gerlich & Horstman, 1993), (Knop, 1975)
w zakresie identyfikacji ich obciazenia. Wykazano istotna rozbiezno$¢ wartosci obcia-
zen rzeczywistych do przyjmowanych na podstawie obowiazujacych wytycznych (aktualnie
Zatacznik, 1995), zwlaszcza przy wzroscie udzwigu. predkosci oraz glebokosci ciagnie-
nia.

Podsumowujac mozna stwierdzi¢, ze pomimo roéznego rodzaju prob rozwigzania tego
problemu, obliczenia wytrzymato$ciowe clementow naczynia wydobywczego (zawieszenia,
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gtowica, rama dolna, ciggna) w dalszym ciagu wykazuja pewne braki, wsrod ktorych jako
zasadnicze wymieni¢ mozna:

a) maksymalne naprezenia w elementach naczynia wydobywczego okresla si¢ uwzgled-
niajac tylko obciazenia statyczne,

b) w naczyniu wydobywczym, jako konstrukcji przestrzennej wyroznia si¢ elementy,
zastepujac je schematami obliczeniowymi (prety rozciagane, belki swobodnie podparte)
znacznie odbiegajacymi od rzeczywistosci,

c) obowiazuje metoda naprezen dopuszczalnych, a w bardzo ograniczonym zakresie
ocenia si¢ wytrzymalos¢ zmeczeniowa.

Majac powyzsze na uwadze, koniecznym jest podjecie prac nad opracowaniem nowych
kryteriow umozliwiajacych wymiarowanie i ocen¢ bezpieczenstwa elementOw naczynia
wydobywczego.

Osiagniecie tego celu wymagac bedzie:

1. okredlenia wartosci obciazen elementoéw naczynia wydobywczego w czasie normalnej
eksploatacji jak i dla stanow awaryjnych na podstawie przeprowadzonej analizy dynamicz-
nej, zweryfikowanych pomiarami na obiekcie rzeczywistym,

2. przeprowadzenia analizy wytrzymalosciowej wybranych elementow i weztow naczy-
nia wydobywczego,

3. opracowania kryteriow oceny przydatnosci wybranych elementéw naczynia wydo-
bywczego w aspekcie obnizenia masy i przedluzenia okresu bezpiecznej ich eksploatacii.

Rozwazania zawarte w tym opracowaniu koncentruja si¢ na czg¢sci punktu 1, a dotycza
wynikow analizy dynamicznej pracy gorniczego urzadzenia wyciagowego w warunkach
hamowania manewrowego. Szczgdétowym badaniom poddano obciazenia zawieszen naczyn
wydobywczych, na tle wynikow cksperymentu przeprowadzonego na obickcie rzeczy-
wistym.

Ograniczajac si¢ do najbardziej interesujacego dla praktyki ruchowej przypadku
potozenia naczyn wydobywczych, jak na rysunku 1, gdy jedno z nich znajduje si¢ w okolicy
nadszybia, a drugie w okolicy podszybia (hamowanie przy dojezdzie do nadszybia) wyciag
zastapiono modelem jak na rysunku 2. Dla przyjetego modelu zapisano réwnania ruchu
elementow lin (nosnych 1 wyrownawczych) jak dla ciggna sprezystego (3). Odcinek lin
nosnych miedzy naczyniem (pelnym) dojezdzajacym do gérnego poziomu zatadowczego
a kolem pednym zastapiono sprezyna o wspolczynniku sprezystosci roéwnym sprezystosci
tego odcinka lin.

Wykorzystujac rozwiazanie rownania falowego podano wzory okreslajace przemiesz-
czenia dowolnych przekrojow poprzecznych lin no$nych (7a) 1 wyréwnawczych (7b) w tym
zawieszen naczyn i lin, jako funkcji sity hamujacej oraz parametréw ruchowych wyciagu.
Ponadto podano wzory w postaci zamknigtej na naprezenia w dowolnych przekrojach lin.

Uzyskane na drodze teoretycznej rezultaty, charakteryzujace proces hamowania mane-
wrowego, zostaly zweryfikowane droga pomiarow wybranych wielkosci na obiekcie
rzeczywistym. Eksperyment — z uwagi na trudnosci natury technicznej — ograniczono do
pomiaru sit w zawieszeniu naczynia pelnego dojezdzajacgo do gornego poziomu zatadow-
czego, hamowanego przy uzyciu hamulca manewrowego.

Wyniki wykonanych pomiaréw koresponduja z wynikami przeprowadzonych symulacji
opartych na rezultatach przeprowadzonej analizy dynamicznej. Réznica w przebiegach
czasowych mierzonych i wyznaczonych na drodze teoretycznej wartosci wielkosci charak-
teryzujacych proces hamowania manewrowego — sil w zawieszeniach naczyn — w skraj-
nych wypadkach nie przekracza kilku procent (vide wykresy rys. 7, rys. 8).

Uzyskane rezultaty stanowia materiat wyjSciowy do wilasciwego opisu funkcji obra-
zujacej zmiang obciazenia elementow naczynia wydobywczgo podczas hamowania manew-
rowego jako parametrow uktadu jak i urzadzenia hamujacego. Zaleznosci te sa niezbedne
do wlasciwego zaprojektowania migdzy innymi sprzezenia ciernego liny z kotem pednym
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a ponadto stanowia jeden z podstawowych czynnikéw koniecznych do opracowania
kryteriow wymiarowania i projektowania elementow naczynia wydobywczgo w aspekcie
podwyzszenia bezpieczenstwa i niezawodnosci ich pracy.

Stowa kluczowe: wyciag kopalniany, dynamika, hamowanie, pomiary obciazen.

1. Introduction

Mining tubs have to be hauled on the carcass of the shaft to the area of unloading
(or loading). The shaft tower is constructed in such a way that these operations may
be performed. The structure also contains elements that support rope wheels and in
some designs, the complete hoisting mechanism. Fig. 1 shows the scheme of a typical
winding gear tower installation as used in Poland.

Ywi, Awi, Ewi

Fig. 1. Scheme of the hoist

The technological structure of the hoisting machine illustrated on this figure
comprises: (In the Following description the abbreviation M.I. — denotes the
Moment of Inertia of an element or assembly.)

] —

(U1 SN I (9}

slow-running DC motors with an armature of M.I.I

multi-rope driving wheel of diameter D and M.I.1y,

the set of deflecting wheels of M.I.I,,

skip tubs of mass g and the load capacity Q with the upper tub filled,
parallel lines of supporting ropes of linear density y, under tension rigidity
(AyEy),

parallel lines of counterbalance ropes of the linear density y, under tension
rigidity Ay Ey,.
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The rotors of the driving motors and the drive wheel, connected by the short rigid
shaft are in rotary motion. Moreover in the rotary motion, elements of the supporting
ropes, are in motion with the driving wheel in a semicircular arc. The skip tubs, as well
as supporting and the counterbalance ropes are in reciprocal motion.

These considerations will be restricted to one stage of the facility of the operation,
namely the operational braking, as this process highly hazardous situations for
operational reliability, which may cause a failure of the frictional connection between the
rope and the drive wheel (Knop, 1975), (Gerlich & Horstmann, 1993), (Wolny, 2000 a).

The characteristic feature of mine winding machinery is the distribution of the
mechanical components between the hoisting machinery and the bottom of the shaft.
Furthermore they are distributed unequally throughout the system. Rotating masses,
which form a considerable component in the total mass of the hoist, are located in
the tower and masses of both parts of supporting and balance ropes are located
within the depth of the shaft. Disproportion in the mass distribution will be once
more increased (Wolny, 2000 a), when a full mining tub reaches the surface.
Therefore, for deep and medium depths of extraction by means of winding gear it
would be reasonable to consider the ropes as “distributed masses” and the
respectively loaded or empty tubs as concentrated masses.

On the other hand, some mechanical properties of the assembly e.g. the rigidity of
particular elements are differ considerably. It could be then accepted that rotating
masses and tubs are ideal rigid bodies whilst supporting and balance ropes are
flexible parts of the assembly.

Considering the case shown in Fig. 1, which is the most interesting for practical
purposes in operational situations of skip tubs, i.e. when one tub is near the shaft top
and the other is approaching the shaft’s bottom (braking being applied as the filled
tub approaches the shaft top) the hoist could be substituted by the model presented
in Fig. 2 (Wolny, 2000 a, Wolny 2000 b).

In this model we have:

Mo:%v Mi:E(Gl‘}‘(h'li) (i=12),
g g

where: G,, G,, G, — the weights of tubs and the reduced weigh of rotating elements
of the hoist including the guide wheels. Masses of short parts of ropes [, (between the
upper tub and the drive wheel) and /,(below the bottom tub near the reverse in the
sump) are, for purposes of calculation, included in the masses of the tubs.

The following simplifications have been made to the model presented in Fig. 2
(Knop, 1975), (Wolny, 1987):

— the drive wheel, rope wheels and armatures of electric motors are considered
as a single rigid mass of the M.I.I, = I, + I+ due to the high torsional rigidity of
the short drive shaft and the considerations give in (Knop, 1975),

— both tubs are considered as rigid bodies,

— structural damping in ropes is negleced due to the short time of the
operational braking process,
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Fig. 2. The model of the hoist facility

— vibrations from one side are no transferred across the balance rope loop onto
the other side; thus a closed assembly of model masses (Fig. 2) could be isolated
under this circumstance.

The assembly from Fig. 2 could be described, after rationalisation (Fig. 3) as a one
— dimensional, inertial system of a finite number of concentrated rigid masses
located along a straight line and the elastic masses distributed in a continuous mode.

§w Aw, Ew i, ApE
—VL—
M, Qn(t Mo M,
dx x [ k y dy
lw 4 [ In |

Fig. 3. The model of hoist facility the case of operational braking condition after straghtening:

0, — braking force in the drive sheel, M, — mass of the tub with the output, M, — reduced masses

rotating in the tower, M, — reduced masses of the hoist in the sump, [, — length of supporting ropes

between the upper tub and the drive wheel, I,, — length of balance ropes, [y — length of supporting ropes,

AwE., AyEy — tension rigidity of balance ropes and supporting ropes, y, 75 — linear density of balance
ropes and supporting ropes

In this model — where the reaction of the short element of the balance rope [, from
the reverse to the bottom tub is negligibly small — the mass of this part has been
included into the mass of the tub.

M, =q+y, L. (1)

The model, strucured in this pattern has been verified so long as the total axial
force in any cross-section of the rope exceeds zero.
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Masses M, and M, relate to the weightless spring of the elasticity coefficient:
B ANEy

k
Iy

)

which is equal to the elasticity on the section of the supporting ropes between from
the upper tub and the drive wheel.

2. Operational braking of the mining hoist

The operational braking effect of the mining hoist is the result of the action of the
force exerted by the exerted braking applied to the drive wheel (in Fig. 3 the force
Onw 1s applied to the mass M,).

Dispalcements and strains of cross-sections of supporting and balance ropes after
the initiation of the operational braking process could be determined after solution
of the following equations:

Pu(x,t) , %u(x.t)

) —Uw 2 = O’
az Mo
3)
0%u(y, t 0%v(y, t
oy )_ 00
ot dy
within the boundary conditions:
o*u Ju
x =0, M1? =4 E, a—k[u(x =0,t)+v(y = 0,1)], (4a)
x=l, =i, (4b)
0x
0%v v
y =0, Moﬁ = AE, a—y—k[u(x =0,t)+o(y = 0,1)] —Q,(1), (4c)
% v
y=Ily MZW = —AyEy @ (4d)

and assuming zero initial conditons.

In the above relations we have: u(x, t), v(y, t) — displacements of any cross-section
of ropes within a distance (for t = 0) x, y from the origins of movable co-ordinate
systems connected with the masses M, or M,; displacements are calculated for
systems whose origins at the moment ¢t = 0 were identical with masses M, and M,
and they move with the velocity v, = const, which is assumed to be the same as the
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velocity of all elements of the hoist at the initial moment, Q,, — i.e. when the
braking force is applied to the assembly.

The step mode of application of the force Q, = const to the assembly that has
been analysed in published literature (Knop, 1975), (Wolny, 2000 a), (Wolny, 2000 b)
is somewhat of theoretical significance. The calculations of loads in tub suspensions
and balance ropes made due to such a method of application of braking force gave
immoderately high results, which have not been confirmed in practice. A number of

Qh(t)e

O]

to

Fig. 4. Function of exciting fores

measurements performed in the field — (Knop, 1975), as well as measurements of the
pressure fluctuation in the cylinder of the operational brake (Smieja, 2000) gave the
good reason to approximate the curve from Fig. 4 by an equation of the type:

Ohp =20,(1—=¢7%0)  for 1e(0,ty), (5a)
and
Owy =0, for te(ty o), (5b)
where: a, — index exponent.

The solution of equations (3) is expected to have the form (Wolny, 1999), (Wolny,

2000 b):
u(x,t) = (p(t—j>+¢<t+%>, (6a)

o(3,1) :f(x—i>+.9<z+i>, (6b)
ay a,

With regarding to (6a) and (6b) in equations (3) and in the boundary conditions (4)
the forms of functions ¢, ¥, f, and 9 have been determined for different intervals of
variables y, t and x, t. It enabled the formulation of general analytical formulae
determining displacements and stresses in the supporting and balance ropes (Wolny,
2000).

Displacements are described by the formulae:

— for the balance rope
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20,AvEy x ai(t - 25)
)= t—— + e\traw) | 7
u(x, t) MMl 01 i + o2 Zoqze (7a)
— for the supporting rope
3
20, y a»([—i)
1) = Worl t—— |+ Wy, + W.e™\" "an) |, 7b
v(y.1) Mo'M1[ 01( ay 02 Z i€ (7b)
where: =0
o1 = MM, 1, , (8a)
ANEN AWEW
I e 2
ay aw
Ay E
Mg+M, +——=1
o —M,l, i+ ayay (8)
= AvEy AwEu\|a,  AyEy AwE, |’
AyEy S B i R B
Gy B ay ay
-1
- , 8
Ho ag(ag — A5+ Bay—C) (8e)
agla;—a;) 4
g = i=1,23), (8d)
Y ad(a;+ag)a;—a,)a;—a,)(a;—as) (
a;(1,2,3) — are the roots of the equation
a*+ Aa*+Ba+C =0, 9)
A:ANEN+AWEW B:ANENAWEW ANEN (M +M)
Myay M, ay’ Moay May, MM, 1, ° v
_ AgEy /ANEN+AWEW>
MOMlll\ ay Aw
and
—M M
w. :$, 10
o1 AE, A,E, (10a)
ay ay
MM, AyEy
MM, [ 1 1 Ay E
Wy, = oM it 1 AnGw g1 Cwhw (10b)

<ANEN+AWEW> AvEy | AwEw agl, ay AyEy|

ay Ay ay Ay
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AyEy AyEy

W, — Aw L (10c)
. aglad— A3+ Ba,—C)
AwE AyE
aO<M1a,-2+Lai+ 7 N>(ai—ai)
a
W, = L L (1=1,2,3) (10d)

at(a;+aep)a;—a,)(a;—a,)(a;—a;)

Analytical formulae (7a) and (7b) determining displacements in any cross-section
of supporting ropes and balance ropes made it possible to formulate relations that
lead to the determination of the load of any cross-section of ropes including loads of
tubs suspension and balance ropes:

a) suspension of the upper tub

3

ANEy(20,4,E,[
Siy = k[u(x = 0,1)+v(y = 0,1)] = 7 N{ A?IZA/; ]N do1l+qo2 +qu'ea”:|+
1 by |

i=

3

o
20 sz+Woz+ZW,-e"”}}, (11)

+
MOMIH

i=0
b) suspension of the balance rope

3
ﬁu(x =0, l) 20, ANENAWEWF _
=A,E = — E q.e"! 12

wlw . MM, I, a, L5101+ a;q;e 5 (12)

=1

w

¢) suspension of the bottom tub

3
ov(y =y, 1) 20, AuEy (i
S, = AVE = = = W, We\'"an ) |
IND NEN e MM, ay o1t E a;we < > (13)

i=0

Fig. 5 shows an exemplary diagram illustrating the change of load of the upper
tub (filled and approaching the upper loading level) at the stage of operational
braking (relation 11). The experiment was made with a winding facility of the
following parameters:

— reduced masses rotating in the tower; M, = 40000 [kg],

— tension rigidity of supporting ropes; AyEy = 308 [MN],

— distance between the upper tub and the drive wheel; | = 100 [m].

The drive wheel was arrested by the a facility of the following parameters (relation
(5) and Fig. 4): Q, = 248 [kN], 1, = 0.9 [s], a, = 2.11 [1/s] and with variable masses
of the tub: M, = 30000 [kg], 35000 [kg], 40000 [kg], 45000 [kg], and 50000 [kg].

The curves illustrate the change of load in the suspended tub for subsequent
values of the ratio C = M /M: namely: 1.33, 1.14, 1.00, 0.89, and 0.80.
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The below simplification have been assumed (for the “tower” hoist):

AwEy _ AyEy _ AE

Ay ay a

, and M,=M,=M (14)

ASy,
[kN]

M,= 30000 kg, My/M=1.33

M;= 35000 kg, M/M=1.14
-50
\ / My= 40000 kg, Mo/M,=1.00
-100 M;= 45000 kg, My/M=0.89
\ // M= 50000 kg, M/M=0.80
-150 %%
-200 %
-250 Q%&% :

-300 i
0 05 1 15 2 25 3

timels]

Fig. 5. Changes of load of the upper tub suspension (filled) reaching the upper unloading level at the time
of operational braking and the steady braking force (Q, = 248 [kN], t, = 0,9 [s], a, = 2.11 [1/s])

and the following solutions were obtained:
a) displacement of cross-sections of balance ropes

( t)_ZQ,,AE Mleat ® M3l £+h+ 2M "
ST T 24y, T 2AB g, 2

- X _AE g
e [—=— Ma aw

ay aoe

M AE , T(AE\* 24E| — (4EP| (AE\(AE __ AE T
aps ag—2— e — —
N Ma“ T \Ma) TM1, [P MGl \Ma) \Ma~ Y )M,

2Ma a):v
Mll
+ X
4 AE \? AE AE \?
Ml, Ml 2Ma

) 2AE AE \? . x i
X e ——
= Ml, \2Ma Ay ’
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AE(  AE\ AE
ve——— a — —— S
n 2Ma\ ° Ma) "Ml
® = ——arctg
2 LAE\ [LAE [ AE
P S gl
" Ma M, \2Ma

b) displacement of cross-sections of supporting ropes
. 20, M?a y\ M?af Ma 1 1
) =l — t—=— s
v MZ{ 24E\' "4y )V 2AE\IAE 24 o)t

Ma(2,+AE<(;O+III> )

+a' , ,AE [(AE\? AE]| — (AE\a ‘
a —_— —_— —_— S—— N pa—
°1 " "Ma °|\Ma Ml |° Ma) 1,

‘ LAE el "ax)
_ Ma, _ﬁ'_;y;> MaN M,
2 ¢ + .
2<£> (ﬂw()) JAE [4E ([~ 4E\ [AE_(AEY?
Ma) \Ma M M1, N\ va )\ M1, \2Ma

o AE AE \2 y
o i, (=) e 0

— Moreover, the stress in any cross-section of ropes could be determined from the

following relationships:
a) for the balance rope

AE ~ofi-aw)
2EQ, | M?a 1

*‘ ,t = o
o0 = 22 | 24F AE AE\? 2AE ep ]’
a0+2—aa0+ Ma +M1 a°+2lea
1 1
AE X AE X
=5 = - ===
M ) aoe 2Mu< aw> M . a 2Ma< aw)

_2AE< > + AE\ [ AE [ AE 2
Ma Ml o) Fp MI, \2Ma
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AE [ AE [ «x
sin| [222 — ) rer | S an
Ml, \2Ma Ay

N AE
2Ma

5 AE AE \?
ML, \2Ma
b) for the supporting rope

-2EQ, |M?a |:MaO+AE< a 1>J

MZ2a, 24AE +2 [(4E AEN?a |
a a° Ma YA Ma) T,

Ma, ‘)%("ﬁ)+

_2 AE( ~ AE ¢
et | P Wi
Ma " Ma
AE )_)
M -aqe Lo
+ o
. 2AE+ +AE 2AE AE \?
—+apl agt+—— — =
M, "% Ma Ml, \2Ma

_ Mao 2[5( a{v>+

(AEN(, , AE ¢
N o g
Ma """ Ma
_AE [ y
Mage 2Ma(’ nN>
+ X
AE AE AE AE \2
2 [3— 4 FRLael F Laadll
/ M, a°<a° Ma>\/ M, <2Ma>
in| 2AE_(AEN(_Y)io, | as
X Sin s =
Ml, \2Ma ay )

where:

T
@1:—2“

—arctg

a'(y.t) =
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The load of the upper tub suspension loaded may be determined from the
relationship:

Iy = k[w(x = 0,0) + v (y = 0,7)]

sl ( 2AE <AE>21‘+<D>+
n — |
AE 2AE AE \2 Ml \Ml,

Ml +a° ot MI,

2Ma

-1 7 (19
a2+£a +2AE )
" Ma ' TMI,

Moreover, the force in the supporting rope at the point of disengagement with the
drive wheel (y = 0) is:

[MaZ+AE<a—O+l>:| A
y - AE@v(y =0,1) _ 24EQ, M?a a I
Ty=0)

dy M?-ay | 2AE LAE LAE\ AE E
YT Ma)| O\ Ma Ml

+ .
s AE, (. AE) [, AE _(4EY?
21, T\ Y0 pa N 2mi,

2Ma

in[ 225 _(AEY 10 |\ o)
- Sin | ——— s
: M, \2Ma ‘
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The force in the bottom tub suspension (y = [) is:

Ma+ ag (%4 L) (o)
—+— e
vy =1lyt) 24E-Q,| M?a ¢ a |

33 = AE - _
o= dy MZ?ay | 24E AE AE\ _AE
N ag+— )| ao| ag+— | +2—
" Ma)| °\"° Ma) "Ml
7£ 172 _A_E
M-aqe Ma( a'\) Magje 2Ma

+ X
2<AE>+<a +£> LAE | LAE\ [AE _[AEY:
Ma) "\ Ma) 2\ py "\ Ty N M, \2Ma

AE AE \2 [
i . e bt
X sm< Ml <2Ma> <t aN) + j| (21)

The load of the upper tub suspension — according to formulae (11) and (19)
— has been reduced by the braking operation (it is unloaded). It should be noted
that the change of the load does not depend solely on the structure of the assembly in
use, but is also dependent on the parameters of the braking force.

Generally, the operational braking process, according to a fatigue-strength
calculation could be analysed by introducing into the load cycle of the tub
suspension an additional single load of values within its working minimum and
maximum (Wolny & Dzik, 1998).

Results obtained in theoretical considerations, which describe the process of
operational braking, have been verified by mesurements of selected data in the real
object practice. Owing to some technological difficulties the experiment was limited
to the measurement of forces in the suspension of a filled tub approaching the upper
loading level and slowed by the operational brake (Smieja, 2000).

3. Measurements of forces in the tub suspension made in practice during operational
braking of the real object

3.1. General technological data of the hoist where the
experiment was performed

General technological data of the hoist installation:

Type of machine 41.-4000/2900

Drive D/C motor; 2900 kW
Rated revolutions 77 rpm

Maximum rate of ascent v=16 [m/s]

Mass of the assembled empty tub including its suspension my, = 16500 [kg]
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Effective mass my, = 1700 [kg]
Depth of winding H = 1040 [m]
Moments of inertia of rotating elements (GD?)

a) flywheel effect of the drum GD? = 1868.8 [kNm?]
b) flywheel effect of the motor rotor GD? = 1275.3 [kNm?]
c) flywheel effect of the guide wheels GD? = 427 [kNm?]

32. The measuring apparatus for recording forces in the tub
suspension ropes

The scheme of the measuring apparatus for recording forces in the suspensions of
tubs is shown in Fig. 6. To obtain measurements strain gauge sensors “WSP” of the
following technical data were employed (Smieja, 2000):

Measurement range — 100 kN

Output voltage —5 v

Quality rating +0.6%

Bridge voltage —5 V

Signals were recorded using a ZPR-1 set with a HP battery power source
(2.6—12v). Measurement signals were gathrered from eight sensors (two to each
rope), and were sampled at a frequency of 40 kHz. The signals recorded from each
channel were converted to text files then summed-up and finally processed using the
computer programme Matlab5.2. Peripheral velocities of the drive wheel were
recorded in all measurements.
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8

7. box SRI

6. indicator WSP
5. recorder ZPR1
4. locating pad

3. tension member
1

e
. supporting ropes
. screened cable M
S
|

head tubs

Fig. 6. Scheme of the measurement line and distribution of sensors

33. Results of measurements of forces in tub suspensions in
the operational braking state

In this part of the paper the results of measurements of forces in the suspension of
the tub approaching the shaft top in the condition of operational braking of the hoist
facility of above described technological parameters are presented. Dotted line in
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Fig. 7 represents the real load of the tub suspension approaching the shaft top
(I, =100 m) in the time of operational braking.

Al ' : : : ;
[kN]

0 0.5 1 15 2 25 3 3.5 4 45 5
time [s]

Fig. 7. Diagram of change of the tub load in the condition of operational braking for the distance between
the tub and the drive wheel [, = 100 [m]
— load obtained in theoretical consideration (continuous line)
— real load of the tub obtained in measurement (dotted line)

The braking assembly of the characteristics presented in Fig. 4 and described by the
relation (5) braked the hoist facility. Parameters of the braking assembly have been
determined on the base of the technological documentation of the facility (Smieja,
2000), and results of pressure measurements in the braking assembly cylinder. Its
characteristic data obtained in calculations are:

— braking force Q, = 248 [kN]

— a, =211 [1/s]

— t,, =0.90 [s].

The continuous line shows the change of load of the tub suspension obtained from,
theoretical analysis (relation (11)).

Similarly in Fig. 8 is presented the change of load of the tub suspension obtained
from measurements (dotted line) in the condition of operational braking for the
length of supporting rope between the filled tub and the drive wheel [, = 820 [m]
realised by the braking assembly as in the previous case. The change of load
of the tub suspension obtained in theoretical consideration is presented by
continuous line (as in previous case).

Measurements made in the final stage of the operational braking show the
significant increase of the tub suspension load that could be seen in the present
diagrams (Fig. 7 and Fig. 8). As a matter of fact it is the result of the additional
loading of the tub suspension owing to elastic deformation of ropes after the drive
wheel stoppage.
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Fig. 8. Diagram of change of the tub load in the condition of operational braking for the distance between
the tub and the drive wheel [, = 820 [m]

— load obtained in theoretical consideration (continuous line)

— real load of the tu obtained in measurement (dotted line)
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Fig. 9. Run diagram made at the time of testing the suspension load in condition of operational braking

Moreover in Fig. 9 is presented the diagram of the tub travel made at the time of
testing the load in the tub suspension in operational braking condition at the

stabilised running velocity of the tub v = 16[m/s].

4. Conclusions

The results of measurements (in this paper limited to the measurement of forces in
the tub suspension) correspond to the predicted theoretical values based on the
dynamic analysis presented in this paper. Differences in typical values for the process
of operational braking may be seen in the time function diagrams of the measured
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