The International Journal of
TRANSPORT & LOGISTICS
Medzindrodny casopis
DOPRAVA A LOGISTIKA

T

UDC: 622.673

VERIFICATION OF THE DISCRETE MODEL OF A MINE HOIST

OVERENIE DISKRETNEHO MODELU BANSKYCH TAZNYCH STROJOV

Jozef HANSEL, Tomasz ROKITA , Marian WOJCIK
Akademia gorniczo-hutnicza, Katedra transportu linowego,
al. Mickiewicza 30, 30-059 Krakow

1. INTRODUCTION

Anticipated values of dynamic forces acting upon
hoisting ropes and other hoist elements during
emergency braking in movable fender beams are of
primary importance for designing. For obvious
reasons it is not possible to run industrial tests to
determine the actual load for each hoist. Therefore,
a model is accepted which might be used to find
approximate values of dynamic forces acting upon
hoisting ropes during conveyance breaking. On the
basis of the analysis of physical models [1, 2, 3]
used in hoist descriptions, the authors decided to
take the model presented in Fig 1.

The braking process in this model involves cage
crashing into movable fender beams. Accordingly,
the mass of movable beams and that of the friction
brake unit is taken into account. Local conditions
for the collision are defined in terms of Kelvin-
Voigt model.

The mathematical model of the mine hoist is
presented below in the form of a system of
equations.

The emergency braking process is divided into two
stages:

stage I - conveyance travel to the arresting system,
stage II - cage crashing into movable fender beams
and cage stopping. i

A system of equations of motion describes each
stage of the process.

1.UVOD

Predpokladané hodnoty dynamickych sil
pdsobiacich na tazné lana a iné zdvizné prvky pocas
nidzového brzdenia v nosnikoch s pohyblivym
ochrannym krytom s najdoleZitej§ie pre ich
konstrukciu. Zo zrejmych dovodov nie je mozné
robit’ priemyselné skOsky k zisteniu skutoéného
zatazenia pre kazdé tazné zariadenie. Preto sa
prijima model, ktory by bolo mozné pouzit
k zisteniu  pribliznych  hodndét  dynamického
zat'azenie, pdsobiacich na lana tazného zariadenia
podas brzdenia pri doprave. Na zaklade analyzy
fyzikalnych modelov (1,2,3) pouzivanych v popise
taznych zariadeni sa autori rozhodli pouzit’ model
uvedeny na obr. 1.

Brzdiaci proces vtomto modeli zahrmiuje naraz
klietky do nosnikov s pohyblivym krytom. Podla
toho sa berd do uvahy hmotnost pohyblivych
nosnikov  a hmotnost’ trecej brzdy. Miestne
podmienky pre zrazky st definované v podmienkach
Kelvin-Voigtovho modelu.

Matematicky model banského tazného zariadenia je
uvedeny d’alej vo forme systému rovnic.

Proces nidzového brzdenia je rozdeleny na dve fazy:
- faza I pohyb dopravného zariadenia k aretaénému
systému,

- faza Il naraz klietky do nosnikov s pohyblivym
ochrannym krytom a zastavenie klietky.

Systém rovnic pohybu popisuje kazdi fazu procesu.
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Figure 1 Discrete model of a mine hoist used in analysis of emergency braking in movable fender beams
Obrdzok 1 Diskrétny model banského tazného zariadenie pouzity pre analyzu midzového brzdenia v nosniku

s pohyblivym ochrannym krytom

Stage I - the conveyance rides towards the arresting
device

m, X, + 2k, x, —x, J+ 2by (%, — %,)=0

Faza 1
zariadeniu

Tlx] +2k](x] —xp)+ 2b,(x, —xp)+k,(x1 —x2)+bl(x, -X,)=0

Dopravné zariadenie ide k aretatnému
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. : . , _
Txn +2k[(xn _Xo)+2bl(xn _Xo)+kl(xn _Xn71)+b1(xn - Xn—l) =0

m_ X, + 2k, (2x, - x,q — x, )+ 2b,(2%, — X,; — X,) =0

(1
My Xy + kl(Xkl - Xo)+ b (X —X,) + kw(xkl - Y1)+ by, (X —¥y)=0
m, . . . .
o +2kw()’1 —Y2 - Xk1>+2bw(}’1 ¥, = X)=0
=29 4k (V= Yoo+ b0 (90 = 900 =0
Stage 1l - the conveyance crashes into the movable Faza Il - dopravné zariadenie nardZa do nosnikov
fender beams s pohyblivym krytom
m X, + 2k, [x, —x; ]+ 2b,(x, — %,)=0
m
nl Lok 2b, (5 . K b, (3 . 0
my . ] . . .
—l’l_Xn + 2kl(xn - X0)+ 2bl(xn - Xo)+ kl(xn - Xn~l)+ bl(xn - Xn-l) =0
m, X, + 2k [2x, = X = X, )+ 2b,(2%, =Xy —X,,) + Fyp (1) =0
)

my Xy, + K, (Xp = X)) + by (X, = Xyq) + Fy (x) =0

Mg 4k (X = X0 )+ by (g = %) + kg (xyg = Xy )+ by (kg = %)+, fxig = y,)+ by, G — 3
mw .. . . .

T}ﬁ +2kw(Y1 - Y _Xk1)+2bw(}’1 - ¥, —X) =0

%yn +kw (yn _—yn-“l)+bw (yn —yn—l):O

The initial conditions are as follows: Pociato¢né podmienky st nasledovneé:
xXp(0)= x1(0)= xa(0)= Xo(0)= x(0)= x1a(0)= y1(0)= yn(0)= 0

%,(0)=%,(0) = %, (0) = x,(0) = X4 (0) = ¥,(0) = ¥, (O) = v Xp(0)=0
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The condition for transition from stage I to stage II: Podmienky pre prechod z fazy [ do fazy II:
xki(t)=h
While modelling hoisting and balance ropes, each Pocas modelovania t'azného a vyrovnavacieho lana
rope is divided into 'n' sections and an equivalent je kazdé lano rozdelené na ,,n“ sekcif a ekvivalentna
mass is imposed in the middle (Fig 1). hmotnost sa vklada do stredu (obr. 1).
The elastic constant of hoisting and balance ropes is Pruzna konstanta tazného a vyrovnavacieho lana je
derived from the formula: odvodena zo vzorca:
EIAI
K =— 3)
/_\141
E, A,
ky=—"1" @
w
where: AL,(AL,) - distance between concentrated Kde AL;(AL,) - st vzdialenosti koncentrovanych
masses of hoisting (or balance) ropes connected hmotnosti t'azného (alebo vyrovnavacieho) lana,
with an elastic and damping element. spojenych s pruznym a tlmiacim prvkom.
ALj = Ly/n )
AL, =L,/n 6)
L, the length of the hoisting rope over the L,— diilga tazného lana nad dopravnou nadobou,
conveyance in the shaft bottom L, — dlzka vyrovnavacieho lana pod dopravnou
L.~ the length of the balance rope undemeath the nadobou
conveyance in the shaft top n — pocet uvazovanych sekcii lana
n- number of discretised rope sections
It is assumed that for the hoisting rope section Predpoklada sa, ze pre sekciu tazného lana medzi
between the cage and the pulley : klietkou a kladkou:
AL =L - Xu (N
Xy~ cage displacement Xy -
Damping coefficients for hoisting and balance ropes Koeficienty tlmenia pre tazné a vyrovnavacie lana
are derived from the formulas: st odvodené zo vzorcov:
b =20 5 )
1= "€
AL,
E,A
b,=—""—"-4&, 9)
AL,,
The basic parameters of the system which determine Zakladné  parametre systému, ktoré urcuja
model functioning were identified [4]. fungovanie modelu, boli identifikované (4)

2. RESULTS OF COMPUTER SIMULATION 2. VYSLEDKY POCITACOVEJ SIMULACIE
OF CONVEYANCE EMERGENCY BRAKING NUDZOVEHO BRZDENIA DOPRAVNEHO
IN MOVABLE FENDER BEAMS ZARIADENIA V NOSNiKOCH

S POHYBLIVYMI KRYTMI

Equations (1) and (2) were solved using the Rovnice (1) a (2) boli rieSené s pouzitim programu
computer program MatL.ab/SimuLink. The values of matLab/SimulLink. Hodnoty procesnych
process parameters used in simulation are parametrov, pouzité v simulacii, sa zhrnuté
summarised in Table 1. v tabul’ke 1.

Time variations of braking parameters, such as Casové variacie parametrov brzdenia, ako su sily
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forces acting upon hoisting ropes, cage deceleration,
cage velocity and braking distance are depicted in
Fig 2.
It can be seen (Fig 2) that maximal forces acting
upon hoisting ropes during simulation are:
e 165 kN for the velocity v =
(measured value - 262 kN)
e 289 kN for the velocity v= 2 m/s
(measured value - 333 kN)

1 m/s

pOsobiace na tazné land, spomalovanie klietky,
rychlost’ klietky a brzdna vzdialenost,, st zobrazené
na obr. 2.

Ako je mozné vidiet' na obrazku 2, maximalne sily
pdsobiace na tazné lana pocas simuldcie st:

e 165 kN pre rychlost v =1 m/s (namerand
hodnota — 262 kN)

e 208 kN pre rychlost v =m/s (namerana
hodnoty — 333 kN)
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Figure 2 Results of computer simulation of emergency braking in movable fender beams in the shaft
"Bartosz". Velocity of conveyance ride towards the arrestor v= 2 m/s.

Obrazok 2 Vysledky pocitacovej simuldcie nudzového brzdenia v nosnikoch s pohyblivymi krytmi v Sachte
., Bartosz “. Rychlost jazdy dopravného zariadenia smerom k aretacnému zariadeniu v = 2 m/s.

These values are lower than those measured during
industrial tests, the difference gets smaller with an
increase in cage motion velocity (for v = 2 m/s the
difference is nearing 13 %). That is mainly due to
greater force of the friction brake ( the force with
which it actually acts upon the hoist) than the
nominal value. The power of the friction brake
depends to a large extent on elastic properties of the
element present in the system. However, because of
most difficult conditions in the shaft (humidity,
presence of dust, rapid temperature changes) the
properties (mechanical characteristics) of this elastic
element might slightly change, which leads to an
increase of the actual braking power. This
phenomenon was observed in the shaft Bartosz 11.

Tieto hodnoty st nizSie ako namerané hodnoty pocas
prevadzkovych testov, tento rozdiel sa zmenSuje
s narastom rychlosti pohybu klietky (pre v= 2 m/s)
sa rozdiel priblizuje 13 %. Toto je v dosledku vicsej
sily trecej brzdy (sila, ktorou tato pdsobi na tazné
zariadenie) ako je nomindlna hodnota. Sila trecej
brzdy zavisi vo velkej miere na vlastnostiach
pruznosti prvku, pritomného v tomto systéme. AvSak
vzhladom na najtazS§ie podmienky v Sachte
(vlhkost, prach, rychle zmeny teploty ) sa vlastnosti
(mechanické charakteristiky) tohto elastického prvku
méZu nepatrne menit’, ¢o vedie k narastu skutocnej
brzdnej sily. Tento jav bol pozorovany v Sachte
Bartosz I1.
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Table 1
Tabulka 1
Parameter Value
1 Mass of the cage with its load my;= 18892 kg
2 Mass of the counterweight m,= 12642 kg
3 Mass of movable fender beams with HS2W-2 m,= 2050 kg
4 Unit mass of hoisting ropes qQin= 12.04 kg/m
5 Unit mass of balance ropes qiw= 12.80 kg/m
6 Reduced mass of retating clements m,=58000 kg
7 Velocity of ride v=1,2,3m/s
8 Metallic cross-section of the hoisting ropes A=12148 ¢ 10° m’
9 Young's modulus of hoisting ropes E;=1.1e10°eMPa
10 | Metallic cross-section of balance ropes Ay=0.652 10" m’
11 | Young's modulus of balance ropes E,= 0.8 «10° MPa
12 | Length of the hoisting rope over the conveyance in the shaft | L,= 700 m
bottom
13 | Length of the balance rope under the conveyance in the |L,= 660 m
headframe
14 | Length of the hoisting rope between the cage in the |L,=50m
headframe structure and the pulley
15 | Damping coefficient for ropes a=0.05s
16 | Total braking power of HS2W-2 360000 N
17 | Coefficient of elasticity of rubber k,= 25 MPa/m
18 | Damping coefficient for rubber b,= 8000 Ns/m

As far as simulated force pattern is concerned, it is
slightly different from the real one (Fig 3). The
braking distance and hoist oscillations after the
conveyance is topped are different. It is difficult,
however, to represent the actual impacts (damping,
elasticity) of the headframe through which the loads
are conveyed to the braking strips by means of a
system of equations describing the hoist model.
Hoist resistance to motion, though neglected in the
model, is probably of some importance too. The
(simulated) maximal cage deceleration are:

e 20m/s’atv=1m/s
e 31 m/s*atv=2m/s

These values are considerably smaller than
instantaneous (measured ) cage decelerations.
However, from the point of view of safety, they are
not as important as force values, hence cage
decelerations are taken to be acceptable.

Pokial’ ide o simulovanu charakteristiku sily, tato je
nepatrene odlisna od skutoCnej (obr. 3). Brzdna
vzdialenost’ a oscilacia zdvizného zariadenia potom,
¢o dopravné zariadenie dosiahne vrcholu (vyjazdne;j
povaly) st odli§né. Je tazké zobrazovat' skutocné
vplyvy (tlmenie, pruznost’) t'aznej veze, cez ktorl je
naklad dopravovany, k brzdnym drdham pomocou
systému rovnic, popisujucom model zdvihu (fazny
model). Odpor zdvizného zariadenia vo¢i pohybu,
hoci je tento vmodeli nezohladneny, ma
pravdepodobne tiez nejakt dblezitost’. (Simulované)
maximalne spomalenie klietky je:

e 20m/s’atv=1m/s
e 31 m/s’atv=2m/s

Tieto hodnoty st znane niZSie, nez okamzité
(namerané) spomalenia klietky. AvSak zpohladu
bezpecnosti su tieto nie také dolezité ako hodnoty
sily, preto spomalenia klietky sa povazuju za
prijatel'né.
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Figure 3 Comparison of forces in bearing ropes (velocity of conveyance ride towards the arrestor
v =2m/s):
a) results of simulation, b) measurement results

Obrazok 3 Porovnanie sil v taznych landch (rychlost pohybu dopravného zariadenia smerom k aretacnému
zariadeniu v = 2 m/s):
a) vysledky simuldcie, b) namerané vysledky

3. CONCLUSIONS

Force values obtained from computer simulation are
acceptable thus confirming the wvalidity of the
accepted hoist model during emergency braking in
movable fender beams.

3. ZAVER

Hodnoty sil, ktoré boli ziskané simulédciou pomocou
pocitaca, s prijatené, ¢im sa potvrdzuje platnost’

prijattho modelu zdviZzného zariadenia pocas
nadzového brzdenia v nosnikoch s pohyblivymi
krytmi.
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