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SHEARER CONTROL ALGORITHM AND IDENTIFICATION OF CONTROL PARAMETERS

ALGORYTM STEROWANIA KOMBAJNEM SCIANOWYM I IDENTYFIKACJA
PARAMETROW STERUJACYCH

This paper describes the concept of controlling the advancement speed of the shearer, the objective
of which is to eliminate switching the devices off to the devices in the longwall and in the adjacent
galleries. This is connected with the threshold limit value of 2% for the methane concentration in the
air stream flowing out from the longwall heading, or 1% methane in the air flowing to the longwall.
Equations were formulated which represent the emission of methane from the mined body of coal in the
longwall and from the winnings on the conveyors in order to develop the numerical procedures enabling
a computer simulation of the mining process with a longwall shearer and haulage of the winnings. The
distribution model of air, methane and firedamp, and the model of the goaf and a methanometry method
which already exist in the Ventgraph-Plus programme, and the model of the methane emission from the
mined longwall body of coal, together with the model of the methane emission from the winnings on
conveyors and the model of the logic circuit to calculate the required advancement speed of the shearer
together all form a set that enables simulations of the control used for a longwall shearer in the mining
process. This simulation provides a means for making a comparison of the output of the mining in the
case of work using a control system for the speed advancement of the shearer and the mining performance
without this circuit in a situation when switching the devices off occurs as a consequence of exceeding
the 2% threshold limit value of the methane concentration. The algorithm to control a shearer developed
for a computer simulation considers a simpler case, where the logic circuit only employs the methane
concentration signal from a methane detector situated in the longwall gallery close to the longwall outlet.

Keywords: mine ventilation, methane hazard, longwall mining, controll of shearer operation, monitoring
system

W pracy opisano koncepcje uktadu sterowania predkoscia posuwu kombajnu, ktorego celem jest
eliminacja wylaczen napigcia zasilania urzadzen w $cianie i chodnikach przyleglych zwiazana z prze-
kroczeniem progu 2% stgzenia metanu w pradzie powietrza wyptywajacym z wyrobiska §cianowego lub
1% w powietrzu doptywajacym do $ciany. Dla opracowania procedur numerycznych umozliwiajacych
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symulacje¢ komputerowa procesu urabiania kombajnem $cianowym i odstawy urobku podano zwiazki
opisujace emisj¢ metanu z urabianej calizny weglowej $ciany i z urobku na przeno$nikach. Razem z juz
istniejacymi w programie Ventgraph-Plus modelem rozptywu powietrza, metanu i gazéw pozarowych,
modelem zroboéw i modelem metanometrii, model emisji metanu z urabiane;j calizny $ciany, model emisji
metanu z urobku na przenos$nikach i model uktadu kalkulacyjnego obliczajacego wymagana predkosé
posuwu kombajnu tworza zestaw umozliwiajacy wykonanie symulacji sterowania kombajnem §cianowym
W procesie urabiania. Symulacja ta pozwala na poréwnanie wydajnosci urabiania przy pracy z uktadem
sterowania predkoscia posuwu kombajnu i wydajnosci urabiania bez tego uktadu, gdy wystepuja wytaczenia
napigcia zasilania z powodu przekraczania progu 2 % st¢zenia metanu. Algorytm sterowania kombajnem
utworzony dla symulacji komputerowej obejmuje prostszy przypadek, gdy uktad kalkulacyjny wykorzy-
stuje sygnat stgzenia metanu tylko z metanomierza w chodniku nad$cianowym w poblizu wylotu $ciany.

Stowa kluczowe: wentylacja kopalf, zagrozenie metanowe, $ciana wydobywcza sterowanie praca
kombajnu, system monitoringu

1. Introduction

The longwall system is currently the basic system used for mining coal beds in Polish mines.
In coal mines facing the hazard of methane explosions application of the monitoring system is
compulsory. In case of exceeding the limit values of methane concentrations, namely the 2%
threshold limit value of methane concentration in the air stream flowing out from the longwall, or
1% in the air stream flowing into the longwall such system has to initiate an emergency shutdown
of all local electrically powered devices. Restarting those devices is preceded with a long and
complicated procedure proving that the safe conditions have been restored. The soureces of this
hazard are mainly the methane released from the longwall coal face, the crushed coal and from
the adjacent goaf. We know how the methane concentration in the air stream flowing out from
the longwall depends on the intensity of mining, i.e. the mass rate at which the coal is mined,
and this in turn depends on the advancement speed and the shearer web and height of mining
(Krause, 2009). It may be assumed that the methane concentration in this air stream increases
as the mining progresses, apart from fluctuations in the methane concentration caused by lack
of uniformity in the methane bearing capacity of the mined bed, or variations in the volumetric
air flow through the longwall heading and other accidental factors. If we react to an increase in
methane concentration recorded by the methanometer in the stream of air flowing through the
longwall and reduce the speed of coal mining, it is possible to avoid exceeding the two-percent
threshold value during switching the devices off and maintain continuity of the mining opera-
tions. This method is implemented by making continuous measurements of the methane con-
centration and checking the changes in the values. This is carried out by a person with a portable
methanometer who walks at a distance of several metres from the shearer. When the shearer
moves towards the air stream in the longwall, the person executing the measurement of methane
concentration walks in front of the shearer, while for movement of the shearer in the direction
opposite to the air stream, the person measuring the methane concentration walks behind the
shearer. In such a case the methane concentration measured by a methanometer includes meth-
ane which is released from the freshly uncovered coal body and also from the winnings being
hauled. If the measured methane concentration increases and there is a risk that the 2% limit
could be reached, the person carrying out the measurements informs the shearer operator of the
necessity of reducing the mining speed. If the measured methane concentration has a decreasing
tendency, the person performing the measurement informs the shearer operator that the mining
speed may be increased. The hazard of switching the devices off resulting from the automatic
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methanometry, which measures the methane concentration in the air stream that flows from the
longwall, is considerably reduced in this way.

Another way of reducing the risk of switching the devices off in cases when the admissible
methane concentration level is exceeded is by recording the parameters of the mining cycle
(methane concentration, mining speed, switching off power) and by using that information to
program the advancement speed of the shearer in the subsequent mining cycles.

2. Control of the longwall shearer

This paper describes the concept of a shearer control system (Fig. 1), where the person
executing the methane concentration measurements in the vicinity of the shearer is replaced
by an automatic system, which comprises: stationary methanometers (6) installed along the
longwall, which together with methanometers in the air stream flowing in (8) and flowing out
(7) from the longwall provide the information on methane concentration to the logic circuit (5).
This data is entered as input data to the programme that implements an algorithm calculating the
desired advancement speed of the shearer, and reducing this speed when an increase in methane
concentration is ascertained, as measured by any of the methanometers (in the air stream, flow-
ing out of the longwall or in the air that flows in towards the longwall, or flowing out from the

Fig. 1. Control system of longwall shearer
1 — a shearer, 2 — armored face conveyor, 3 — shearer operator, 4 — readout panel, 5 — logic calculation system,
6 — methane detectors in the longwall, 7 — methane detector in gallery at outlet from longwall,
8 — methanometer in gallery at longwall inlet, 9 — methane detector at the end of the ventilation gallery,
10 — position meter of the shearer in the longwall
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longwall or from the air stream flowing towards the longwall, or measured by even one of the
methanometers distributed along the longwall) and increasing the mining speed, when all metha-
nometers indicate (concurrently) that the measured concentration values are being decreased. The
value of the calculated speed is transmitted via a wireless system to the readout panel (4) of the
shearer operator (3). The operator sets up the advancement speed shown on the panel screen of
the shearer using control elements on the apparatus box of the shearer or on the remote control
of the shearer. Verification of the concept presented by executing numerical simulations allows
an assessment of its properties. The computer simulation of the longwall with an operator using
the shearer requires formulating a few mathematical models:

— model of methane emission from mined coal face,

— model of methane emission from crushed coal on the AFC and the belt conveyor,

— model of the goaf adjacent to the longwall heading,

— model of methane distribution in the mine ventilation system,

— model of methanometry,

— model of calculation system.

The Mine Ventilation Laboratory of the Strata Mechanics Research Institute of the Polish
Academy of Sciences has been studying issues of computer simulation for the ventilation system
of a mine for many years. The Ventgraph-Plus programme which was developed there enabled
the distribution of air, methane and firedamp in the network of the underground galleries to be
calculated. In the following years the programme was supplemented by an air flow model in the
goaf and the possibility of installing virtual sensors of the air flow, barometric pressure, methane
concentration and concentration of components of fire gases (Dziurzynski, 1999), and in 2001
work was started on the numerical modelling of a longwall with an operating shearer (Dziurzynski
et al., 2001). The longwall model developed at that time assumed that a shearer was mining at
a constant speed and in a single direction. In the following years the model was developed further
to include the operation of the shearer according to the specified schedule, with mining taking
place in both directions and with standstills of the shearer and of the conveyors (Blecharz et al.,
2003). At present the developed longwall model and control algorithm of a longwall shearer ap-
plies to the case when the speed of the mining advancement of the shearer depends on the methane
concentration measured by a methanometer in the longwall gallery close to the longwall outlet.

3. Model of methane emission from the wall
with an operating shearer

The process of mining the body of coal with the use of a longwall shearer is accompanied
by the distribution of methane emissions from the mined body of coal and from the hauled coal
which may vary over time. In the paper (Dziurzynski et al., 2001) a mathematical model was
presented of methane emission from the mined coal face specified by Tarasow and Kotmakow
(1978) and the mathematical model of methane emission from the crushed coal on the conveyor
belt, based on the results of the work of Drz¢zla and Badura (1980).

Tarasow and Kotmakow assumed that a shearer mining the longwall generates a cracking
zone with a length of 10 to 20 m in front of it, resulting in an increased methane outflow directly
in front of the shearer. This outflow increases as the shearer approaches a given point, and then
decreases once such a point is passed. Such a theoretically derived course of the methane emis-
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sion rate (density of volume stream) has been confirmed by the results of measurements (Fig. 2)
published by Tarasow and Kotmakow (1978).
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Fig. 2. Speed profiles of methane emission rate in the impact zone of the shearer measured for different coal
beds (according to Tarasow and Kotmakow, 1978)

It may be noticed that the actual profiles of the speed at which methane is released are
similar to the triangular profile. Hence the triangular profile was assumed for the requirements
of numerical modelling, as shown in Fig. 3. This profile is characterised by a small number of
parameters. They include: the initial g, and the maximum ¢,,,, methane volume flow from a sur-
face unit of longwall body of coal, the mining time of the cracking zone T}, and the stabilisation
time of methane emission after uncovering a new body of coal surface 7,,.
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Fig. 3. Depiction of the actual profile of the speed of methane emission in the impact zone of the shearer
with a triangular course

This form of profile has been adopted in the numerical model which illustrates the methane
emission from a longwall mined with the use of a shearer operating at a constant advance speed
and in one direction (Blecharz et al., 2003).

In practice the shearer moves at a variable speed, depending on current conditions, or may
have stoppages mine in either direction along the longwall. The conveyors can also stop when
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the shearer is stationary. This gave rise to the necessity of developing a new model, which would
allow for such movement of the shearer and of the conveyors. The model of methane emission
presented in Fig. 4 was adopted for the coal face of a longwall mined with the use of a shearer:

Outr +T) ¢

O + Sk £x)

Fig. 4. Change in density of a methane stream from the longwall coal face in front of a shearer (y axis)
and from the uncovered surface of the body of coal behind the shearer (¢ axis)

Denotations (Fig. 4):

v — position of the shearer in the longwall at time #,
Sy — length of the cracking zone in front of the shearer,
T, — stabilisation time of methane emission after uncovering a new surface of the long-
wall body of coal,
gmax — the highest value of density of methane stream during mining,
qo(y) — initial value of density of methane stream.

The adoption of the initial value of the methane stream density g,(y) as a function of the loca-
tion of y in the longwall enables modelling the variable gas bearing capacity along the longwall.

The distribution and profile of the speed of methane emission, as shown in Fig. 4, are de-
scribed by the following relations:

(t=t)A (V> 7 +S0) = den, =490(2) (1)

(1=t)A (7 S Yy +S,) = e, =%§¢(Sk+yk—J’)+%(y) ()
k

(y=y)A(t>4+T,) = gen, =40(¥) 3)

(y=yi)A(te <t +T,) = qen, = q;ax (T, +t —1)+ 40 () 4)

u
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The adopted description of the methane emission from the body of coal in the longwall indi-
cates the spatial and time dependencies of methane emission during mining, as shown in Fig. 5.
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Fig. 5. Zones of different density of the methane stream from the body of coal at the longwall mined with the

use of the shearer at variable speeds of shearer and periods of standstill.

Bold line — route of the shearer; Continuous thin line — cracking zone in front of the shearer; Thin dashed line —
stabilisation time of methane emission after uncovering of a new surface of longwall body of coal

Denotations (Fig. 5):

¥
Vi
Yp

Y0,12,3
3, to

Iz

t47 t87 tll

longwall length,

location of shearer at time ¢,

location of a point at the longwall for which a calculation is made of the density
of methane volume stream

location of the shearer at time #, ;; of speed change of the shearer,

stationary time of the shearer at the end of the longwall and standstill until time
Ia, 111,

time of the shearer stoppage and the beginning of the longwall and standstill until
time fg,

time of completion of the subsequent mining cycle and commencement of the
subsequent one.

Figures 4 and 5 give rise to the relations specified below for the methane volume flow from
a unit surface (outflow speed) gcy, ks from the mined longwall with the use of a shearer:
Denotations:

tP
tPP
Vi

Vkp

Vio

time when the shearer was in position y, in the current mining cycle,
time when the shearer was in position y, in the preceding mining cycle,
speed of the shearer advance,

initial speed of advancement of the shearer,

speed of advancement of the shearer calculated by the logic circuit,
current speed of the armoured face conveyor,

speed of the armoured face conveyor,
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v, — current speed of the belt conveyor,
Vpp — speed of the belt conveyor,
Loris iz — standstill time of the shearer after reaching the end of the longwall when
mining upwards along the longwall,
o — standstill time of the shearer after reaching the beginning of the longwall
when mining downwards along the longwall,
w — movement direction of the shearer: w =1 — movement up (towards the end of) the
longwall, w = —1 — movements down (towards the beginning of) the longwall,
sm — power off binary signal from the methanometer, sm = 1 — power off.

From Flg 5 the standstill time of the shearer tpkl =l 1, tpk2 =tg— 17, tpk3 =11 — to-

Mining with movement of the shearer up the longwall (w = 1):

=02V = Wevs Vo =V V=V (5)

V< A b=t >T, = qeu i (v,) =0 (,) (6)

Yy <Ve A tk—pSTu3ch4ks(yp)=%(n+tp—tk)+qo(yp) (7)
VSV, StSe A f—t, 2T, =

qcH, ks (y,,)= q;:* (Sc+ve-,)+a0(v,) ()

ykﬁypSyk+Sk A tk—tpp<Tu:>

q;ax (Sk +yk_yp)’q;ax (Tu+tpp_tk) +q0(yp) ©
k

u

dcu, ks (yp ) = max{

Vo>Vt Se A tk—tppSTu:>qCH4ks(yp>:q;a"(Tu+tpp—tk)+q0(yp) (10)
u
yp>yk+Sk A tk_tpp>7:t:qCH4ks(yp):q0(yp) (11)

Standstill of the shearer and conveyors due to switching off the power during mining
up the longwall:

sm=1=v =0, v, =0, v, =0, ,=¢, (12)

t; — time of stopping of the shearer, on Fig. 5:i=1.

Vi SV, Sy +Sy A -1, 2T, =

qCHm(yp):;i“—;’;(YL +ti_tk)(Sk +yk—yp)+qo(yp) (13)
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u

sm=0=v, =w-v,, Vv, =V

ps psp 2 v

pt = vptp’ ti = tk

t; — start time of the shearer, on Fig. 5: i =2.
Standstill of the shearer after reaching the end of the longwall:
y=Y=v, =0, t;=1,, w=-1
t; — stopping time of the shearer, on Fig. 5: i =3, 10,
=Lt =V =Wy, [ =1

tyx — standstill time of the shearer, £, = 4,1, Ly,
t; — start time of the shearer, on Fig. 5:i =4, 11.

Mining during movement of the shearer down the longwall (w =-1):

sm=0=>v, =w-v,, v, =V, ., V

ps = Vpsp> Vpr TV

pip

Y, >yk:>qCH4;@(yp) q;a" (T +1, )+qo(yp)

u

ykaPZyk—Sk A ppzT:

qu4<yp) q;ZX(Sk+J/p yk)+q0(yp)

WSV, Sy =S AN 4—t, <L, =

e (3y) | B

u

Yp <yk_Sk A tk_tpp <7;4 :qCH4 (J’p):q;i(n +tpp_tk)+q0(yp)

u

Vo <Vi =Sk A 41y, 2T, = 4qcy, (yp):qO(yp)

(Sk+yp_yk)’ q;ax (Tu +tpp_tk) +q0(yp)

545

(14

(15)

(16)

amn

(18)

(19)

(20)

€2y

(22)

(23)
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Standstill of the shearer and of the conveyors due to switching off the power during
mining down the longwall:

sm=1=v, =0, v, =0, v, =0, =1t (24)
t; — stopping time of the shearer, in Fig. 5: i = 5.
Y2V, 2y =S, A =1, 2T, =
den, ks (yp): ;{m;i (7; g _tk)(Sk +Y, —J’k)+% (yp) (25a)
u

VSV, Sy =S A t,-t, <I, =

qen, ks (7, ) = max +q0(y,)  (@5H)

q;ax (Tu +tpp _tk)

u

sm=0=Vv =WV, V=V, V=

=1l (26)

t; — start time of the shearer, in Fig. 5: i = 6.

Standstill of the shearer once the start of the longwall is reached

Vi=0=v, =0, ¢, =¢, (27)
t; — stopping time of the shearer, in Fig. 5:i =7,
e =4+ =V =Wy, =1 (28)
tyx — standstill time of the shearer, 7, = 7,
t; — start time of the shearer, in Fig. 5: i = 8.

4. Model of methane emission from the armoured face
and belt conveyors

The methane released from the mined coal hauled by the conveyors mixes with the stream
of air in the longwall. The article (Dziurzynski et al., 2001) presented a degassing model of the
crushed coal on a conveyor with exponential reduction of the volume flow from unit length of
the winning, based on the results of the work of Drz¢zla and Badura (1980). A more precise
degassing model of crushed coal, based on the work of Airuni (1987) and making use of data
provided in the work of Klebanow (1974) and Kozlowski (1972) has been presented in the paper
of Dziurzynski and Krach (2001).

Fig. 6 presents the route of the shearer and the route of the crushed coal on the conveyors
allowing for stationary periods of the shearer and the conveyors caused by switching off power to
devices at the longwall and the longwall galleries as a consequence of exceeding the 2% thresh-
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old of methane concentration measured by any methanometer in the longwall or in the gallery
at the longwall outlet (tailgate), or as a consequence of exceeding the 1% threshold of methane
concentration measured by a methanometer in the longwall maingate.

ya

R/
yi2
Yr

Yu12

YX

/11 U
4%} Isi Is 14} 1y

It ©h

Yus6

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
Sl ed
|
|
|
|
|
|
|
|
|
|
|
I
I
|
|
I

X

4

Fig. 6. Movement trajectories of the shearer and winning on the longwall conveyor and on the conveyor
in the transport gallery. Bold dotted line — trajectory of the shearer movement; bold continuous line — trajectory
of crushed coal on conveyors

Denotations on the figure 6:
X, — length of haulage gallery,
Y, — length of longwall,

Vil» Vi Vi3 — position of the shearer in longwall in time #;;, 4y, 3,
y1» — position of the shearer in longwall during standstill from ¢, to #,,
Vu12 — position of the coal mined in time #;; on the AFC conveyor in that time,
ys5¢ — position of the shearer in longwall during standstill from #s to ¢,
X,56 — position of the coal on the belt conveyor in that time, mined at time #;3,
t, b, B, 14, 15, ts — times of change of the speed of the shearer,
ta, tp, tz3 — time after which coal mined in time 7, #;,, #43 gets to the belt conveyor in

the maingate.
The following time dependencies arise from the above figure 6:
Transport time on the AFC conveyor for crushed coal from time of excavation ¢, until time #,
when the crushed coal is at a distance of y, from the start of the longwall:

Ty =l — U (29)

where #;, is the time of mining calculated from the equation
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Vi (tks):ys (tks) (30)
where
yi(f) — movement trajectory of the shearer
y(f) — movement trajectory of crushed coal on the longwall conveyor coming from a point

with coordinates (#, y,).

Transport time on the belt conveyor in the haulage gallery of the crushed coal element which
at time ¢, is at a distance of x, from the longwall:

T =4 —lyo (31

where t, is the time in which a coal element is at the start of the conveyor calculated on the basis
of the following equation:

%, (t0)=0 (32)

where x,(f) — movement trajectory of an element of crushed coal on the belt conveyor coming
from a point with coordinates (#, x,).

Time of transport on the longwall AFC conveyor of an element of coal which at time #,
was situated at the beginning of the longwall:

750 =lo ~lit (33)
where #;, is the mining time of the analysed element of the coal calculated from the equation

Vi () =50 (1) (34)

where y,(f) — trajectory of the coal on the AFC conveyor coming from a point with coordinates
(ISO’ 0)

Transport time of the coal element at the AFC and belt conveyors from time of excavation
until time #;, at which the analysed coal element is at a distance of x, from the beginning of the
belt conveyor in the transport gallery:

T, =Ty + T50 (35)
The linear density of coal on conveyors may be calculated from the equations given by

Drzgzla and Badura (1980):
Linear density of coal on the longwall conveyor equals to:

(36)

where
pw — density of mined coal,
z — depth of the shearer cut,
H — height of the shearer cut,
vi(t,) — speed of the shearer advance at time ¢,
v, — speed of the AFC conveyor.
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Linear density of coal on the belt conveyor:
g =g = 37)
vt
where v, — speed of the conveyor in the transport gallery.
If the time of transport delays for coal carried on the conveyors is known, based on depend-
encies provided by Airuni (1987) and used in the works of (Dziurzynski & Krach, 2001) and
(Blecharz et al., 2003), it is possible to calculate the volume flow of methane relacased from the

mass unit of coal, and then, once the linear density of the crushed coal is known, from the unit
length of the coal on conveyors.

Volume flow of methane released from a unit length of the coal on the AFC conveyor:

3
z-S
qCH4 ps :gsZGi exp(_‘[_j (38)
i=0 i
Volume flow of methane released from a unit length of the coal on the belt conveyor:
3 T
dcH, pt = thGi eXP[—T_IJ (39)
i=0 i
v
where: G, =—+
T
Vo, 79 — volume of desorbed gas and time constant of desorption from the volume of sorp-
tion particles
V1,71 — volume of adsorbed gas and time constant of desorption for gas accumulated at
the surface of adsorption particles;
V5,75 — volume of adsorbed gas and time constant of desorption for super adsorption
particles,
V3, 73 — volume of adsorbed gas and time constant of desorption for filtration and adsorp-

tion particles,
where: 1) > 11 > 1, > 13.

Figures pertaining to the volume ¥; and time constants z; have been given in the work of
Dziurzynski and Krach (2001). The overall stream of methane flowing into the air in the longwall
length unit:

9m cH, s = PcH, (qCH4 ks 1 4cn, ps) (40)
where
pcu, — methane density,
dcu, ks — methane stream volume flowing in from the unit length of the mined coal face ,
qcu,ps — methane stream volume flowing in from the unit length of the coal on the AFC

conveyor.
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5. Virtual methane detector

Methane that flows in to the air stream from the coal transported on the belt conveyor, methane
flowing in from the coal face of the longwall and coal on the AFC conveyor and methane from
the goaf form a mixture with the concentration changing over time and the length of the longwall.
In this example of the numerical simulation it was assumed that the methane concentration is
measured with the use of a single methane detector located in the tailgate an the longwall outlet.
This methanometer triggers the emergency power shut-off signal to the devices at the longwall and
in the galleries adjacent in the event of exceeding the assumed threshold value for C,, (as a rule
2%) of methane concentration in the stream of air flowing out from the longwall. Switching on the
power and re-start of the shearer and of the conveyors occurs following the planned period ¢, after
the fall of methane concentration below the programmed value of concentration C, lower than C,,..

Cen, (4t)2C, = sm=1, power shut-off, (41)
CCH4 (tk ) < Cz = tpo = tk (42)
Ly =t,+1,, =>sm=0, switching on the power by the mine operation
manager at the control room (43)
where
Cen,(ty) — measured methane concentration,
C,, — methane concentration threshold at which power is switched off, generally 2%,
C, — methane concentration, below which power may be switched on,
sm — signal of switching off power from the methanometer,
t,, — time delay in switching on the power,
t, — present time.

6. Model of calculation system

The calculation system computes the advancement speed of the shearer considering the value
of the measured methane concentration and the speed of its change. This task is implemented by
the proportional—integral—derivative controller (PID) in the logic circuit (Gorecki, 1971; Wegrzyn,
1972). The diagram of the control system for the methane concentration at the longwall outlet
with the calculating circuit and the control unit is shown in Fig. 7.

The output signal from the regulator is the methane concentration Cey,, measured at the
tailgate at the longwall outlet. This signal is subtracted in the summing up node from the pro-
grammed signal, which in this case is the programmed value of the methane concentration Cy, -4,
the result of which gives the error signal e.

e=Cey, 0 —Ccn, (44)

The error signal is sent to the controller input of the proportional-integral-derivative control-
ler (PID), implementing the following function:

0=wp-e+wi-Ze'At+wd~% (45)
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. C - + C
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Vo e

Uw |2 R

Fig. 7. System controlling the methane concentration at the outfall of the longwall mined
with the use of a shearer

Denotations (Fig. 7):

Obj — control object: longwall mined with the use of a shearer with adjacent goaf, with
the AFC an the belt conveyor in the haulage gallery and with a methanometer at
the longwall outlet,

R — regulator,
Uw — output circuit,
Ccn, — measured methane concentration,
Ccn, -« — planned methane concentration,
e — error signal,
o — output signal of controller,
vy, — calculated advancement speed of the shearer,
. L . Ae ACcy
Assuming that Ccy, .4 = constant, the following is obtained N = N L= ven, and hence
0=wp-e+wz'-Z:e'At+wd-vCH4 (406)
where
ven, — Trate of change of measured methane concentration,
wp — gain of the proportional element,
wi — gain of the integrating element,
wd — gain of the differential element.

The gain of the proportional element is equal to the quotient of the value of the output signal
of the element and the input signal of the element. Gain of the integrating element equals the
quotient of the rate at which the output signal of the element increases in response to the discrete
signal and the value of that signal. Gain of the differential element is a quotient of the value of
the output signal of the element and the rate at which the input signal increases linearly.

The rate of change of the measured methane concentration gives the following dependence:

Cen, (4)- Cen, (1 — A1)
Yen, = At

(47

where Ccy (1) — measured methane concentration,

The output signal of the controller is sent to the input of the Uw system, which at a zero input
signal of the controller gives the calculated speed of the shearer v;,, equal to the initial value of the
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speed of the shearer vy, and at a decreasing output signal of the controller, which is a response to
the growing measured methane concentration, reduces the speed of the shearer being calculated.

=V | 1 (48)
CH, zd

Vko

The calculated value of the advancement speed of the shearer is transmitted to the opera-
tor’s readout panel. The operator sets it up on the shearer or directly to the advancement speed
control system of the shearer.

7. Summary

The above specified relations for models of a longwall mined with the use of a shearer,
coal on conveyors, virtual methanometer, and the calculation circuit provided a basis for the
development of numerical procedures extending the Ventgraph-Plus programme by the option
of simulating the system that controls the advancement speed of the shearer. The objective of this
system is to eliminate emergency power shut-offs and subsequent stoppages of the devices in the
longwall and in the adjoining galleries caused by exceeding the 2% threshold limit value of the
methane concentration in the air stream flowing out of the longwall. The extended Ventgraph-Plus
programme enables the option of simulating the operation of the shearer with a control system,
and also without it in order to make a comparison of the daily performance in both cases.

This work has been performed under statutory works of The Strata Mechanics Research Institute of
The Polish Academy of Sciences in 2017, financed by the Ministry of Science and Higher Education.
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