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ALGORITHM OF CONTROL OF COAL MINES UNDERGROUND
CONVEYER TRANSPORT SYSTEM

Annotation. The control system of conveyer transport is represented as a two
level hieratic system on first level of which an operator sets certain parameters for the
lower level of control. A global criterion of efficiency of this system is complex value,
which characterizes energy efficiency of transporting coal, and the minimum values of
middle volumes of cargo in accumulative hoppers of the underground conveyer
transport system are local criteria. We developed the algorithm of adaptive control of
accumulative hoppers and underground conveyer transport system.

Keywords: underground conveyer transport system, adaptive control, hieratic
system, criterion of efficiency accumulative hoppers, algorithm of control.

The main objective of managing conveyor transport of coal mines is to provide
its maximum capacity with minimum power consumption for transportation of coal
mass.

Conveyer transport systems of coal mines have difficult branched structure
consisting of conveyers and hoppers which are connected together using batcher,
loaders and unloaders.

Failures of conveyers often lead to downtime in lavas and as result to poor
productivity of conveyer transport systems.

To increase carrying capacity conveyer transport systems of coal mines because
of limited space accumulative hoppers (temporal redundancy) [1, 2] have received
wide application

The accumulative hoppers permit due to the accumulation of a certain amount
of cargo in a hopper during idle conveyors increase the capacity of an underground
conveyor transport.

However, the effectiveness of the underground conveyor transport system of
coal mines with hoppers is low. This is due to frequent downtime of conveyor lines
due to overflow of hoppers, as well as the loss of electricity due to underload of
conveyors.

One method of improving the efficiency of underground coal mine conveyor
transport is controlling of accumulating hoppers using controllers and controlling the
speed conveyor lines using frequency-controlled motors.

At the same time in accumulative hoppers using speed control feeder we
support a specified number of goods in hopper, in particular, the input of the feeders at
the given maximum volume of cargo in hopper V5, batchers and off when the

minimum volume of cargo in hopper V;; (Fig. 1). In this case, the incoming traffic
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flows in the hoppers are not switched off, and their size should be smaller capacity
batchers. This mode of operation allows the hoppers not to disable above hopper
conveyor lines due to overflow of hoppers, which significantly reduces downtime

conveyors because of their underload [3, 4].
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Fig. 1. Control of accumulative hoppers in mode of maintaining set cargo amount

On fig. 1 V; u V, — volumes of minimum and maximum rate of cargo in
accumulative hopper; V. — maximum volume of hopper; O, — productivity of
incoming cargo into hopper; O, — productivity of batcher; 4 — height of slit of outlet
hopper.

However, local control of each accumulating hopper is still insufficient to
significantly improvement of the efficiency of an underground coal mine conveyor
transport. To do this, you must agree with each hopper management control of the
entire system of conveyor transport. This should provide maximum efficiency of the
system of conveyor transport. l.e. this control system should provide maximum
productivity and minimum cost for transportation of the coal.

Therefore, the creation of the control algorithm underground coal mine
conveyor transport system is an urgent task.

Management underground conveyor transport system of coal mines can be
represented as a two-level hierarchical system. On the upper level of the system
operator, based on the current information about coming from the mines of coal traffic
mg;,, state of conveyers and process equipment underground conveyor transport

system, determines the speed v,; and productivities of batchers Q,;. Then transmits this
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information, i.e. v, and Q,;, to the lower level of control system of hoppers -

controllers, which determine the maximum amount of goods in hoppers V>, (Fig. 2).
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Fig 2. Structural scheme of underground conveyer transport system control

Input variables control system underground conveyor transport is the average
cargo flows coming from the lava is my;.

And the output variables of the control system is the mean value of the capacity
of m. and the average energy consumption of transportation w, an underground coal
mine conveyor transport [5].

Global objective function, i.e, measure of the effectiveness of the two-tier
management system is a complex quantity [6]

K = cym.— 60c,w,. (hrn/min), (1)
where ¢, — cost price of one ton of coal and one kW of electricity ,hrn/t; ¢, — cost price

of one kW of electricity, hrn/ kW.
Law of control of underground conveyor transport system is dependence m,. and
w. on the input phase and controlled parameters, as well as the parameters of the
conveyors, hoppers accumulating volumes and velocities of the batchers [5]:
me = fu(Mois Uiy Niy Onis Vis Viis V2i); (2)
We = fuMoi, Wiy Mis Onis Vs Viiy Vaiy Ny, 3)
where p,;, A; — parameters of failures and recoveries of hoppers, 1/min; V; — hopper

volume, ms; N; — power that uses driver of i-th conveyer, kW.
The form of these functions depends on the structure of the system underground

conveyor transport mode accumulating hoppers, in particular, the regime maintain a
given level of cargo in a hopper the parameters coming from the lava freight traffic
my;, reliability of conveyers — parameters of failures and recoveries of conveyer
transport system p;, A; productivity of batchers Q,;, hoppers volume V;, and also
minimum and maximum volume rate of cargo in accumulative hoppers V; and V,;. For
their definition is necessary to develop an algorithm for calculating medium capacity
m. and average energy consumption of transportation w, of conveyor transport system
in the case of control hoppers accumulation mode to maintain a given volume of cargo

in them.
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Parameters of conveyer transport system of coal mines which can be managed
will be productivities of batchers Q,; and maximum volume of cargo in hoppers V>, in
the case of control hoppers accumulation mode to maintain a given volume of cargo in
them.

Structural analysis of underground coal mine conveyor transport systems have
shown that they have self-similar tree structure [7].

In [5] was made an algorithm for calculating m. and w,. for underground coal
mine conveyor transport systems with dendritic self similar structure (fig. 3) in mode

of maintaining set volume cargo in hopper.
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Fig. 3. Calculation scheme of dendritic self-similar structure of hoppers connection

On fig. 3 y/”,y;” — coefficients of failures of shafts and face paths of conveyer

v y®

. b
lines of conveyer transport system,; Y

© HG)
paths, m’; Oni'> Oni — productivity of batchers of hoppers of shafts and face paths,

— volumes of hoppers of shafts and face

t/min.

This algorithm is a recursive relation.

Average carrying capacity of conveyer transport system shown in fig. 3 is
determined by formula

mc = mc” > (4)
where
(c)
(0 A
1= Yia S () (5)
m(’i - (c) € mi ?
1 + 7/1'+1

i

zka my,

_ k=1 . (s) _ i . — - (c) _17(0) (o). _ o= .
7/3(,»6)_ m(s) _17 m.* =m, +——— mey = 09 AVZC _Vic _VZiC o (ﬂi—ﬂc, = l’n’

i 3;

m® < 0, )
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Here y“) — coefficients of accidents of conveyers of shafts paths, determined by
formula: y© =4/ 4, where 2,4 — parameters of failures and recoveries of

conveyer transport system, 1/min; ; 7,(f) — equivalent coefficients of accidents of shafts

9,

paths with hoppers; ;/if) — equivalent coefficients of accidents of faces paths with

()

hoppers; m;”’ — average values of cargo coming into accumulative hoppers of shafts

paths, t/min; p — volume weight of transported cargo, t/m”.
Here efficient coefficients of accidents of faces paths with hoppers are

determined by formulas:

m
E Qi .
) = L (7 =y, i= Ln), (6)
¢
(3)

where m,” — average carrying capacity i-th face path of conveyer transport system

with hoppers [5].
Average energy costs of transporting in this case is determined by formulas

wo=w, (7)
where
o __ W © 4
s i— c 3 .
W= +wi+wl), (i=1,n), (®)
Yo,
() m m
m C o) 9 . 0 o () — L (3) . 10 — AJ(©
2/36,'71: ——Lm _m"i71+1 3)’7/9,-3: -1 (WO _Wl(jﬁwyi _]vi )
m, +7, m,
Here w"” electricity power that uses conveyer transport system on

transporting coal on the area till i+1 hopper of shaft line; w'” — electricity power that

uses i-th conveyer of shaft line on transporting coal; w'” — electricity power that uses

(3)

i-th conveyer of pace line on transporting coal; y,” — equivalent coefficients of

accidents of i-th faces paths; N — power that uses driver of i-th of shaft line
conveyer on transporting coal, kW; m, —average productivity of i-th pace, t/min.

Besides, w!”for each pace line of conveyer can be determined according

recursive ration, which was obtained for serial connection of conveyer and hoppers

[S].
In case of serial connection of hoppers and conveyers in formulas (4)—(8) we
Sh0u1d use le = }’}’ZQ, 7/;3) = 7/1(6); Wl(s) = WI(C); le. = O, mi(S) — mCH ; 7/3(,~3) =0 ;

W =0(G=2,.,n).
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Parameters of conveyer transport system of coal mines which can be managed
will be productivities of batchers Q,; which are set by operator on the uppers layer of
management and maximum cargo volumes in hoppers V5, which are calculated by
controllers in subsystems of management of accumulative hoppers in case of its
management in mode of maintaining set cargo volume in them.

That’s why for management of accumulative hoppers of conveyer transport
system of coal mines it is necessary to know dependencies V,; from productivities of
batchers Q,,..

In [4] was solved the problem of determining the optimal average value of
cargo volume in the accumulating hopper operating in a mode to maintain a set level
of goods in hoppers.

In this case optimal average rates of cargo volume in accumulative hoppers
Vimin are equal to the semi sum of maximum and minimum set cargo rates in hoppers,
ie.

" T (At 2p
where V;, V5; — maximum and minimum set cargo values in accumulative hoppers.

(s)

Therefore, the objective function local management subsystem hoppers are the
average value of the goods at the accumulating bunker. Therefore, the average cargo
value in accumulative hoppers V,; should reach to the average minimum rates of cargo
volume in accumulative hoppers Vipin, 1.€.

Veip Vimin- (10)

On the other hand, according to [4], the average volume of cargo in
accumulating hoppers, working in the mode of maintaining a given volume of goods in
silos, can be determined by the formula
_ ity + VZIitpi N mi(S)tszi - (Qm - mz'(s))t;zai

t+ 1y 20(t,; +1,:)

; (11)
Qm’ . 2/

A . .
where V), =V, +—"—="¢ : A,u — parameters of failures and recoveries of
At Hi ¥

V.

Ccl

7\'£+19 it

. .o .
above hoppers conveyer lines, min; — — parameters of failures and

recoveries of under hoppers conveyer lines, min "'
Here t,, t,, — average time of loading and unloading of hoppers, which are

determined by
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_ P(Vzi - Vli) + A;

31 (S) A ) ]
m! e , (12)
;= P(Vzi - Vli) " A ) Qnimi(S)
P ™) Gy (0, -m© )0, -m () (13)
where O, :%QM'
7+1 /ui+l

Equating average values volume of cargo in hoppers V., to minimum values of
volume V in, we will get equation for the unknown value of the specified maximum
amounts of goods in hoppers V,;, in which the average volume of cargo in bunkers
takes a minimum value. As a result, according to (11), we will get the equation

. v,
according to ' :

’ 2 2
Viitsi + Vot N mz(S)tsi - (Qni _ml(S))tpi Vii+ V5, + A;

P om

fo+t 20lt.. +1t . 2 AoFuu, 2
3 pi p(sz pl) (z l"’l)“l p (14)

In obtained equation (14), according to (12) and (13), ¢, and ¢,; are functions

from V,,. Besides, m* is determined by difficult recursive ratios (see (5), [5]).

Thus determining V5; from equation (14) is a difficult mathematical problem.
To simplify the problem of determining the maximum amount specified in the

cargo-storage hoppers, you can use the scale to determine the quantities of cargo flows
)

entering the accumulating hopper m;*’ . However, this requires high material costs.

Therefore, for the settlement of cargo in the hopper with the controller applies

the adaptive control algorithm [3].

In this case to determine m® first using sensors of time we determine current

time of loading 7, and unloading T,; in accumulative hoppers of underground

conveyer transport system in time of stopping and work of batcher accordingly.
Substitute in equation (12) ¢,; instead of the value of 7, from the resulting

expression to determine the average value received by accumulative hoppers cargo

flows by the formula:

mi(s): p(Vzi _ﬂl/li) ) (15)

i

30

(/11' + /’li ) /’li
Value of equation standing in the denominator on the right side of (15), we can

express by mg; and m® by formula [5]:
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(s)
A _Lhm (16)

A+ )i , d ’
(A+m)m  u, ng"

where —. = ;.
By substituting (16) into (15), we will obtain

() — p(Vzi_Vn)

m; l, T (17)
Tgi_ l_mim m ij
( Z‘ “)u
Let’s determine from the last equation m”, as result we have:
m® = \/(Hchi - 1)27”31' +ZP(V25 - Vli)“cmsi - (Mch'i - 1)’"si
1
2 . (8)

i
where m,, = ngi (m, =m, —when we have serial connection of hoppers).
1

To determine average values of cargo Q,, which is unloaded from accumulative

hoppers, let’s substitute into equation (13) taking into account (16) instead of #,; value

T,,;. As result after transformation we will have
(s)

)
p(Vzi_Vu)"'l(l_ml j D, )
0, =mt+ alma) (Qummt?) (19)
ni i T >

pi
Hence, knowing time of loading 7’; and unloading T, of accumulative hoppers,

average values of incoming from lavas cargo mg;, and also set values of minimum V;
and maximum JV); cargo volumes in accumulative hoppers of conveyer transport
system of coal mines, can be detected from formulas (18) and (19) average values of

incoming into hoppers cargo m* and average values of unloaded from hoppers cargo

Q-

To determine maximum volumes of cargo in accumulative hoppers ~' , which

work in mode of maintaining set amount of cargo, when average volumes in hoppers

“ have minimum values, let’s substitute into equation (14) instead of #,; and ¢,; values

T,; and T,;. As result we will get equation relatively unknown maximum volumes of

. v,.
cargo in hoppers *' :
Nilsi + Va1, + e (an -m” pzz' 4 (Qni - sz) T’ _
T3i+Tpi 2p(T3i+Tpi) P T3i+Tpi
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T *) (*)
_Vll;VZl_'_(l_ml ] l.mz

m, | w2
@) Me 2P 20)
In obtained equation (20) values m’ and Q, are determined by formulas (18)
and (19).
The simplest and most effective method of solving equation (20) is the method
Vai

of dichotomy (bisection) or sensing method. In this case, the unknown parameter

ViesV, =V,

is changed in limits

Hence, when we have set values of cargo flow my;, productivity of batchers O,,;,
volumes of accumulative hoppers V; and minimum cargo values in accumulative
hoppers Vy;, and also current values of loading T; and unloading 7),; of accumulative

hoppers of conveyer transport system of coal mines, from equation (20) we can find

ci

values of maximum cargo volume V,;, when average volumes of cargo in hoppers

take minimum values equal to

VS (5) (s
- _M{l_mz j L om

imin T 7 m H_C 2p

i 1

Hence the algorithm of adaptive control of underground conveyor transi)or?[
system of coal mines can be represented as follows.

1. The generation of alternatives.

For this on set average values of cargo flow mg,; and structure underground
conveyor transport system we detect several alternatives of conveyer speeds v,; and
productivities of batchers (,;,. At the same time conditions must be satisfied

(restrictions)

S iy <0, <0,r (1= 1,....1), (22)
T
where O, — maximal productivities of under-hopper conveyer lines of conveyer
transport system, t/min.
Moreover, accumulative hoppers for operating in a set mode to maintain the
cargo volume in them must be performed limitations
m® <Q ;

V,, V.
ST =1, (23)
2. Estimation of the mean values of cargo traffic loaded into the hopper and

Vi

i

discharged from them.
For this purpose, sensors of time during loading and unloading of accumulative

hoppers values determined at loading time 7}; and unloading time 7,;. On this values

ISSN 1562-9945 9



4 (99) 2015 “CucremHble TEXHOJIOTUN

T,; and T, according to (18) and (19) we detect values of average cargo flow m*,

incoming into hoppers, and average cargo flow Q,, unloaded from hoppers.

3. Determination of the maximum specified volumes of cargo in accumulating
hoppers.

To do this, the obtained values of estimatesm*’ and Q. from equation (20) we

determine maximum values of cargo volume in accumulative hoppers 7,,, when

average cargo volume in hoppers V., operating in a set mode to maintain the cargo
volume, have minimum values.
4. Definition of performance criteria and the objective function.

For this according to calculated values of V), according to recursive formulas

(4)—(8) we determine cargo capacity m, and energy consumption w, of underground
conveyor transport system.

On obtained values m, and w, according to (1) we can detect objective function
K.

5. Repeating this process for various alternatives, i.e. defining the objective
®)

function K, for different productivities of batchers Q.’, we select from obtained

objective functions K; minimum value K, i.¢.
Ko = min K.}
where N — number of alternatives.

Values of productivities of batchers Q,; and maximum values of cargo volume
in accumulative hoppers V>;, corresponding to this minimum objective function K =
Komin, are optimal.

If you change structural diagram an underground conveyor transport associated
with the promotion of lava or changing their number, as well as changes in value of the
average cargo flows coming from the lava m;, optimal values Q,; and V5;, in which the
criterion of efficiency K takes a minimum value determined anew for the above given
algorithm.

Calculations have shown that the energy efficiency of transportation of coal, i.e,
objective function K of underground conveyor transport system of coal mines at the
optimum values Q,; and V,;, obtained on the basis of made algorithm, increases up to

30 %.
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KOHBeliepHOro  TpaHcmopra.  Pa3paboraH  airopuT™M  aJanTUBHOTO  YIpPaBJICHUS
AKKyMYJIUPYIOIUMHI OyHKEpaMH U CUCTEMOW MOA3EMHOI0 KOHBEHEPHOTO TPAHCIIOPTA.
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The control system of conveyer transport is represented as a two level hieratic system
on first level of which an operator sets certain parameters for the lower level of control. A
global criterion of efficiency of this system is complex value, which characterizes energy
efficiency of transporting coal, and the minimum values of middle volumes of cargo in
accumulative hoppers of the underground conveyer transport system are local criteria. We
developed the algorithm of adaptive control of accumulative hoppers and underground
conveyer transport system.
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