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MODELING OF FUNCTIONING OF CONVEYOR TRANSPORT SYSTEMS
WITH DENTRITIC SELF-SIMILAR STRUCTURE

Abstract. Based on dynamics of average method for Markov processes we developed a mathematical model of
Sfunctioning of conveyer transport systems with serial and parallel connection of conveyer and hoppers, and also with
dendritic and self-similar structures. We obtained recursive algorithm which determines capacity of these systems.
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MOJEJJMPOBAHUE ®YHKIIMOHUPOBAHUS CUCTEM KOHBEMEPHOI'O
TPAHCIIOPTA C IPEBOBUJHO CAMOITIOJOBHOM CTPYKTYPOM

Annomayua. Ha ocnosanuu memooa OuHamuxu cpeOHux OJisl MAPKOBCKUX NpOYeccos paspabomana mamemamu-
yeckas MoOelb QYHKYUOHUPOSAHUA CUCIEM KOHBEUepHO20 MPAHCNOpMa ¢ NOCie008ameNbHbIM U NAPALIeNbHbIM CO-
eOuHeHUueM KOHBellepos U OYHKepo8, a makice ¢ OpeBOSUOHOU U camMOno00bHou cmpykmypamu. [lonyuen pexypperm-
HbLU aeopumm onpeoesieHuss NpOoNyCKHOU CHOCODHOCIU IMUX CUCTEM.

Knrouegvie cnosa: cucmemvl KoHgeliepHO20 mpaHchopma, OVHKep, MAPKOBCKAA MOOelb, QYHKYUOHUPOSAHUe,

NPONYCKHASL CROCOOHOCHb, CAMONOOOOHASL CMPYKIMYpa
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MOJEJIIOBAHHA ®YHKINIOHYBAHHA CUCTEM KOHBEE€PHOI'O
TPAHCIIOPTY 3 JEPEBOBUJHOIO CAMOITIOAIBHOIO CTPYKTYPOIO

Anomauia. Ha niocmasi memooy ouHamixu cepeOHix Ojisl MAPKIBCLKUX Npoyecie po3podieHa MameMamuyHa Mo-
oenb PYHKYIOHYBAHHS CUCHEM KOHBEEPHO20 MPAHCNOPNLY 3 NOCTIO0GHUM | NAPANeNbHUM 3'€OHAHHAM KOHBEEPI6 i OYH-
Kepis, a makodic 3 0epeosUOHOI0 i camonodionow cmpykmypamu. Ompumano pekypeHmHul anzopumm GU3HAYEeHHS

NpONYCKHOI 30amMHOCMI Yux CUCIEM.

Knrouoei cnoea: cucmemu koHgecpHo2o mpancnopmy, 6yHKep, MapKigcbka Mooenv, QYHKYIOHYBAHHSA, NPONYCKHA

30amuicmo, camonodibna cmpykmypa

Introduction. Conveyer transport systems of coal
mines have difficult branched structure consisting of con-
veyers and hoppers which are connected together using
batcher, loaders and unsolders. Failures of conveyers often
lead to downtime in lavas and as result to poor productivity
of conveyer transport systems.

Using method of structural reservation in coal mines
i.e. using reserved conveyer lines because of high cost of
capital works is almost. To increase carrying capacity
conveyer transport systems of coal mines because of lim-
ited space accumulative hoppers (temporal redundancy)
have received wide application. However the effective use
of accumulative hoppers is limited by lack of mathemati-
cal ensuring and software that allows.

To optimize the process of conveyer transport sys-
tem functioning.

Currently we developed mathematical models of
conveyer transport system functioning without hoppers,
which are used mainly for open mining [1].

Many researchers studied questions of functioning
of conveyer transport system with hoppers [2 —4].
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In this case obtained mathematical models of conveyer
transport system functioning mainly related to the system
with a simple structure “conveyer — hopper — conveyer”.

We obtained simulation models for more complex
structure of conveyer transport system [5 — 6].

In paper we developed mathematical models of con-
veyer transport system functioning with serial and parallel
connection of hoppers and also with self-similar dendritic
structure.

Mathematical model is based on method of dynamics
of medium for markov process [7], where simple system
“conveyer— hopper — conveyer” is replaced by element (con-
veyer) with equivalent parameters of failure and recovery.

Main part. Analysis of conveyer transport system of
coal mines showed that in general they have a self-similar
dendritic structure. In other words a block diagram of con-
veyer transport system can be divided into hierarchical
levels. At each level the same graph is repeated. Such geo-
metric structures are called dendritic fractals. [8].

Fig. 1 shows typical schemes of conveyer transport
system of coal mines with serial and parallel connection
of hoppers and also conveyer transport system with self-
similar dendritic structure.
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4 — dendritic structure (self-similar)

Fig. 1. Structural schemes of conveyer transport system of
coal mines with hoppers

Dendrite structure of conveyer transport system of
coal mines can be explained by cyclical technology: pene-
tration — mining — excavation. As a result each new sec-
tion of conveyer transport system is connected to existing
system, which was formed as a result of many cycles of
coal mines. This process can be compared to the growth
of tree, where the cycle is spring — summer — autumn.

Therefore mathematical modeling will be made for
these types of conveyer transport system.

As was shown in [9], one of the main parameter of
conveyer transport system functioning is average value of
carrying capacity m,, determined by formula

mc = XRQI ’ (1)
i=0

where P; — probability that conveyer transport system is in
i-th state; O, — productivity of conveyer transport system
i-th state; s — number of possible states of conveyer
transport system while stops and failures of conveyers

It is clear from (1), to determine value m, it is neces-
sary to know the structure of conveyer transport system
from which we can determine number of possible states
of system s and probabilities P; of transport system being
in each i-th state (i = 1, ).

Consider first serial connection of hoppers (Fig. 2).

0. O 0.

Yusr M,

Fig. 2. Calculation scheme of serial connection of hoppers

For getting mathematical models of conveyer
transport system functioning with hoppers let’s use prop-
erty of self-similarity of structure with serial connection
of hoppers.

Let’s distinguish in this scheme from the left edge
simple system “conveyer — hopper — conveyer” encircled
by a dotted line (Fig. 2).

According to [10], average carrying capacity of this
simple scheme can be determined from formula:

when m, >0,

Anph m.
e
+ 9

mc‘ - eAnPV] m in . (2)
1+ 9 (enei 1)
’Yl (le - in )
where my — productivity of above-hopper conveyer; O, —

productivity of batcher; V;— volume of hopper; p —
specific cargo weight, t/m’;

_Hl[mQ_(l"'Yl)Q:l] =
A11 - (mQ _Qn )in > le -
—~ 0, A

in = 5 Y = 5 Y, = =2 ; Y1, Y2 — coefficients
I+y, By My

of accidents of above-hopper and under-hopper convey-
ers; Ay, 1y and A, 1, — parameters of failures and recover-
ies of above-hopper and under-hopper conveyers accord-
ingly;

when m, <0,
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Continuing this process » times (#» — number of hop-
pers in system), we come to recurrence formulas:

when m,, > Q

4PV )

My, (3)

where 4, =

AuipV; m
R A
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where A4 I: — :I ;
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- 0, m In this case carrying capacity of entire conveyer
Qn‘ =— (= Ln m, = g D ole = W) transport system with parallel connection of hoppers is
1+, I+, determined by formula:

In this case carrying capacity of entire conveyer
transport system with serial connection of hoppers is de-
termined on n-th iteration by formula:

m,=m, ©6)
where n — number of hoppers in system.

Consider now system conveyer transport system
with parallel connection of hoppers (Fig. 3).

yl an

Fig. 3. Calculation scheme of parallel connection
of hoppers

For this system as in previous case using self-
similarity of its structure we will obtain recursive ratios

when m,, > Q

APV m
PR
YI m ¥ 2y
m. = AV, - m, Q>
1+ 4o (eA“”V'—l)
y/ (mQI _Qn )
|m, —A+y)0, m
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—~ 0, A
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n

when m, < Q
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m, = Z m, ©)
i=1

where n — number of hoppers in system.

For dendritic harp structure of hoppers connection
(Fig. 4) average value of carrying capacity of conveyer
transport system also is determined by same formulas (7)

and (8), where values of coefficient of accident Yo, of
above-hopper conveyer is replaced by value of coefficient
of accident Y, made-up conveyer (Vo, =Y,,i=Ln).

Qll"

Fig. 4. Calculation scheme of harp structure of hoppers
connection

Consider self-similar dendritic structure of conveyer
transport system with hoppers (Fig. 5).

(3) 3) 3) 3)
Yu V// Qn// Y12
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Fig. 5. Calculation scheme of self-similar dendritic
structure of hoppers connection

For this system using self-similarity of structure as
in previous cases we will obtain recursive ratios which
determine average carrying capacity of the system:

when m™ > Q)
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yf‘) — coefficients of accidents of shafts paths with hop-
pers; y(;) — equivalent coefficients of accidents of shafts

paths with hoppers; y(j) — equivalent coefficients of acci-
dents of faces paths with hoppers;
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Here efficient coefficients of accidents of faces paths
with hoppers are deter-mined by formulas:

where A4, =

m
(3) (c) (3)
Y3 (3) (Ysl _'Ys >

Cl

i=1ln), (12)

(3)

where m,~ — average carrying capacity i-th face path of

conveyer transport system with hoppers which are deter-
mined as in (4) and (5).
(3)

Average carrying capacities of faces paths m_" are

determined by formulas (4) — (6) for serial connection of
faces conveyers with hoppers.

To determine minimum and maximum values of car-
rying capacities mentioned above conveyer transport sys-
tems with hoppers set up in above recursive formulas val-
ues V; = 0 and V; > accordingly to minimum and max-
imum values.

Conclusions. On the basis on method of dynamics
of medium for markov process we obtained mathematical
models of conveyer transport system functioning with
serial and parallel connection of hoppers and also with

self-similar dendritic structure that allow to determine car-
rying capacity of coal mines conveyer transport system.
It was found that if average carrying capacity from

lavas of cargo m,, is higher than batcher productivity Qn’

(my =
system is much lower than carrying capacity in case when
my <0,

Moreover, with increasing of accumulative hoppers
volume to certain value carrying capacity of conveyer

transport system increases, but when values of volume are
higher from that value — almost doesn’t change.

in ), then carrying capacity of conveyer transport
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