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Summary. The article deals with the transport control
system at the railway transport of metallurgical plants. It
has been created the intelligent control system based on
the simulation of certain micrologistic enterprise system.
In order to search for the most effective management
decisions there are performed numerical runs of the
micrologistic system simulation model at changing
parameters of its work in certain ranges. Initial parameters
are determined analytically or with the help of traditional
methods. Decisions can be made at operational, medium
and long-term planning, at the planned changes in the
quantity and characteristics of the available resources, the
development of transport infrastructure. Among the most
effective according to model characteristics parameter
sets expert group choose the one set, therefore
optimization of the system parameters is provided.
Conceptual control model of production processes and
transportation of liquid iron and slag in the blast furnaces
is determined. It has been developed the model of
transport system with compensation of the influences of
other subsystems and external factors on these processes.
It has been created typical transport system simulation
models of liquid iron and slag transfer; structure logic,
control of processes and peculiarities of individual objects
are presented. Models consist of standardized elements
that perform certain operations for service of orders in the
system. It is provided the possibility of further
development of the basic models for increasing of the
detailing level and advanced control logic. The influence
of other subsystems on the transport system is taken into
account by the withdrawal simulation of locomotives for
these traffics. By the example of metallurgical plant it has
been carried out the analysis of the efficiency of transport
control system based on the developed models.

Key words: rail transport, metallurgical plant,
simulation model, control system, transport system,
optimization.

INTRODUCTION

A significant number of factors effects on the
operation of the railway transport of metallurgical plants
(RTMP) that makes control of the operation to be a
complex problem and its solution with the help of existing
automated control systems does not allow to use the
resources of transport system in the most efficient way.

THE ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Metallurgy is one of the leading Ukrainian sectors,
the most attractive for investors [1-5].

At the transport of metallurgical plants logistic
approach to the improving of its operation for an effective
and qualitative production service is widely used [6-10].

For determination of the optimal parameters of the
transport systems at metallurgical plants a number of
traditional approaches and methods are used [11-15]. The
efficient use of these methods is limited by the
requirements of the actual conditions and the inability of
taking into account of all the factors that effect on the
transport system operation [16-18]. One promising way is
the using of modern universal methods, including
simulation modeling [19-22].

Intelligent control systems based on simulation
models of micrologistic systems (MLS) of the rail
transport at metallurgical plants allow to find close to
optimal, maximally effective solution concerning the
distribution of available resources and the usage of the
enterprise transport infrastructure.

Such solutions can be found at operational, medium
and long-term planning (under conditions of the planned
changes in the number and/or characteristics of the
available  resources, development of transport
infrastructure, etc.).

OBJECTIVES

The goal of the paper is to create effective intelligent
control systems based on simulation models of
micrologistic systems operation at metallurgical plants.

THE MAIN RESULTS OF THE RESEARCH

Structurally intelligent control system based on
simulation model of micrologistic system of rail transport
at metallurgical plants is presented in Fig.1.
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Fig. 1. Intelligent control system of MLS RTMP
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Presented intelligent control system operates as
follows. Staff of the Enterprise railway transport
administration determines the approximate, close to
optimal parameters of individual components and
subsystems functioning of MLS RTMP.

To search the most effective solutions the one
execute runs of the MLS RTMP simulation model when
changing the parameters of its operation in some ranges
from defined analytically.

Among the most effective according to the model
characteristics parameter sets expert group choose the
one. This provides optimization of the system parameters.

Let’s examine the use of intelligent control system
for improving of the liquid iron and slag transport by rail,
which processes are typical at many metallurgical plants
(granulation at blast furnace is not considered).

Composition of conceptual model of MLS traffic
starts from representation of material flow of liquid iron
and slag from furnaces.

Fig. 2 shows a conceptual control model of blast
furnace production processes of cast iron and slag.
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Fig. 2. Conceptual control model of iron and slag
production processes in blast furnaces

This model takes into account an influence of other
subsystems and external factors in the RTMP system.

In simplified form, the model looks as follows
(Fig. 3).

The influence of other subsystems and external
factors is compensated by generation of iron production
with a certain distribution of random variable.
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Fig. 3. Model of transport system operation with
compensation of the influences of other subsystems and external
factors on the production processes of iron and slag

A simulation model can be made of standardized
elements that perform certain operations in service of
orders in the system.

Logic explanation of the model structure of liquid
slag transport is convenient to carry out by example of
liquid iron transportation.

In Fig.4 typical simulation model of the transport
system of the liquid iron traffic is shown.

Model consists of the following standardized
elements: 1 — order generator; 2 — service queue; 3 —
capture of the moving and movable resources; 4 — capture
of the stationary resources; 5 — service unit of orders; 6 —
eliminator of orders.

According to the presented model order is request of
capture and moving of two types of resources: P —
movable (ladles) ra R — moving (locomotives).

Orders are in queue before the appearance of free
resources. After their capture (element 3), the direction of
order movement to the service units is determined.
Service units simulate operation of the weight systems
(service occurs during the time t,,, t,,) and end-users,
such as foundry, mixer department and filling machines
(service occurs during the time t,,, ty,, tas)

During movement the order captures stationary
resources (type C), that simulate some parts of the railway
lines. Sections are determined with taking into
consideration the negation of simultaneous occurrence of
more than one order on them.
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Fig. 4. Typical simulation model of the transport system of the liquid iron traffic

It is considered that if the orders move towards each
other in the joining places they are able to pass each other
(in fact, it is done by stopover of the iron pouring in the
direction of railway lines etc.). That is, reaching the
border area (which can be simulated by creation of the
transport network model or delay of request in time
needed for passing of the area); orders release the
appropriate resource that can connect to another one,
including a counter-order.

After the elimination of the orders (iron is considered
to be transferred to the corresponding part of the
production process), resources wait for the next capture of
the new orders.

This algorithm involves cyclic creation of orders for
a certain period before their first service (pouring of the
liquid iron) during time ty,, toy, ... , tay, . But the order can
be created at the time the movable resources (ladles) are
released. Actually, the supervisor can plan the usage of
the empty ladles, even if the need in them has not yet
been determined.

In this case, the structure of the simulation model of
the liquid iron transfer transport system will look as
follows (Figure 5).

In such a model structure, new orders are generated
by the elimination of pre-served orders. It is clear that for
the system run the single formation of several orders is
needed.

For new orders for the respective model logic service
unit (blast furnace) is chosen. The choice can be made
according to the smallest time prior to the iron production
or the more close match of the released resources humber
(at elimination of the processed orders), needed for the
furnace.

Orders capture free movable and moving resources
(ladles and locomotives) and move with them,
sequentially capturing the stationary resources (sections
of the railway lines).

Reaching a given service unit, orders release moving
resources (locomotives) during time ty;, th;, ... , to
(Fig. 5), and hold movable resources (ladles) after service.
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Fig. 5. Improved simulation model of the transport system of the liquid iron traffic

After the first service order again captures the
moving resource (locomotive) and moves to the next
unites that simulate weighting (during time ty,, ty, —
usually two weight units are used) and pouring in of
liquid iron (during t;y, ty,, ty; — according to the foundry
performance, mixer department or filling machines). At
transfer of orders to the units moving resources are
released. Duration of the cargo handling can be defined
by analytical calculations or generation by a pre-chosen
theoretical distribution law of a random variable.

After this service, orders are eliminated, and
resources that they have held (lands) are released. At
elimination new requests are formed by order generator
and work cycle repeats again.

Basic models can be developed, reaching a deeper
level of detailing and more advanced control logic.

Thus, in modeling of the furnace it may be
considered the presence of a sloping bath which lets to
perform a movement of the main batch of ladles by
temporary directing of the molten metal flow to a separate
ladle. It can be provided certain cycles of removing of this

ladle with taking into account the principle of filling to
load capacity and restriction of the iron hardening time.

It can also be considered the use of reserve ladles,
which with some probability can be filled with iron.

The influence of other subsystems on the transport
system, such as pig iron transfer, is taken into account by
the need of withdrawal of these locomotives for these
traffics. Typically, the "cold" side of filling machines is a
separate shunting area and its service does not affect the
use of other resources in the system of liquid iron
transportation (ladles and section of the railway lines
along which they move).

Transportation of liquid blast furnace slag differs
from the transportation of liquid iron by train formation
from several furnace melts. Each train is transported by a
separate locomotive that serves them at one or more
pouring station.

The basic structure of the simulation model of the
liquid slag transport system is shown in Fig. 6.
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Fig. 6. Typical simulation model of the transport system of the liquid slag traffic

The difference between this model from the one,
showed in Fig. 5 is the presence of elements marked with
symbols Q,, and Q. The first one is the queue of ladles
with the load, the second — simulates the train formation
for departure.

Train formation is based on achieving in queue Qy,
such a number of ladles that meets or exceeds the
estimated train size Qg for departure (according to the
tractive calculations).

In addition, the train is formed from the current
number of ladles, if the duration of their idle time in a
loaded condition exceeds the maximum permissible value
tkv > tmalx-

Train turnover can be presented
operations:

- motion to the granulation pool,

- shunting operation of ladle setting to the front of
slag pouring;

- pouring of ladles into the pool,;

- train formation;

- train motion to the heap;

- shunting operation of ladle setting to the front of
slag leaving;

- draining of residues and leaving of ladles;

- formation of train with empty ladles;

- train movement to the load station;

- spraying of the inner surfaces of ladles;

- acceptance operations.

in detail by

It’s possible to combine all the above operations and
set fixed train turnover duration by generating the
theoretical distribution law of a random variable.

After processing of the orders they are eliminated and
new orders are called in.

Thus, in the transport system model of the first
partitioning at metallurgical plant the requests for the
feeding of the empty ladles to the furnaces play the role of
the orders. Required number of the movable resources
(ladles) for servicing of a particular request is set as a
fixed value or simulated random variable.

For transfer of the order with the captured movable
resources moving resource (locomotive) is used.

Transferring of the orders along the parts of the
railway lines, where crossings i.e. conflict is possible, is
carried out by capturing of the stationary resources.

Practical implementation of the model can be
performed using simulation. This program allows creating
simulation models with the help of standard elements,
observing the simulation in the form of animation
processes and changing settings in an interactive mode.

Topology of a transport network is specified with a
group of figures: rectangles set network nodes and lines —
relations between them, which play a role of request
transfer and resources in the simulated space.
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Over the rail diagram transport network along which
applications and resources will transfer is specified
(Fig. 7).

For each group of resources used in the network it is
specified the type, quantity, velocity of transfer, basic
location in the network, the figure of animation and
others.

"Heart" of the model is event generation unit. One of
these events is required only for the start of the program
(performed once during all program). It calls in four first
orders for feeding of the empty ladles to the furnaces.

Each of the other four events simulates the end of
slag production of the corresponding furnace No2-5.

Time of events and their actions are given in a special
form, indicating that the event takes place cyclically after
predetermined time. Cycle period is specified with normal
distribution function of a random variable with
parameters defined for each furnace.

At the specific event, the following steps are made:
unlocking of the element delay of the order transfer in the
relevant model branch and verification of timely location
of resources (ladles) at the beginning of slag production.
In case of melting failure due to the absence of ladles this
fact is fixed by increasing of relevant variables for each
furnace.

Each order calls in and capture s free moving
resource — locomotive, and then are captured with it as
movable resources — ladles. Order moves along certain
program branches (its structure will be discussed later)
with captured resources — "locomotive™ and "ladles" to
the element that marks the location of the blast furnace.
Resource "locomotive" is released — disconnects from the

order, and resources "ladles" remain with the order and
expect event "end of melting."”

As this event starts, the order with the resource
"ladles™ again capture resource "locomotive"” for transfer
in location of train formation for departure from the
station, and at this moment in the model new orders for
service of the blast furnace is generated.

Thus, in the model the technological process of the
slag output from blast furnaces is carried out
independently of the transport service — according to the
schedule output considering the random nature of
deviations from it.

Transport service is oriented on execution of the
orders for delivering of the slag transport to the furnaces,
which are formed in the system immediately after
melting.

The main part of the model is divided into three
blocks.

In the first block requests that capture free resource
"locomotive" (in its absence, wait for it in the queue) are
formed. Then due to the random variable distribution law
of the ordered quantity of ladles order goes through the
corresponding network element, where it is indicated how
many resources should be captured.

In our case, there is provided the possibility of
entering orders in the queue, not only at the capturing of
required number of resource "ladles”, but in the case of
long-time absence of the right amount of these resources
(output "at timeout™). In this case, at least one ladle is
captured and an additional order to catch up their desired
amount is formed.

Hot heap

G'r:ﬁmlating pit

Pouring machines

Fig. 7. Topology of a transport network

Later order is sent to the furnace, the slag output in
which comes sooner than in others.

Thus, to the second program block the order comes to
the appropriate service branch of the individual furnace.
These branches have different order routes. As we move
towards the furnace, order together with the captured
resources ("locomotive” and "ladles™) capture stationary
resources — sections of the railway lines and move along
them.

Iron sizie of the ble;st furnace shop -

There cannot be more than one train on a separate
section, i.e., one section — one individual resource. When
the order comes to a new section previously captured
section is released and can be captured by other orders. In
case of opposing motion of order they approach to the
captured sections, and when they will meet in this place,
actually would be able to exchange their sections (release
"its" and to capture "others").
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Regarding real objects, this situation is understood as
follows: the interface of the railway sections is point
switch, connecting three sections therefore why one of the
trains can move to a vacant place, skip the opposite train
according to the switch and take the railway line, which it
has vacated.

At arrival of the loaded resources — "ladles" — to the
place of storage, they are emptied from the order. This
order is eliminated and by the number of ladles that have
moved with the eliminated order a new group of orders is
formed.

These actions are necessary for implementation of the
third block which provides a simulation of the movement
of trains that are limited in the number of ladles and
sometimes require a separation of loaded with individual
furnaces groups.

In the third block of the program the size of the train
is determined: when reaching the maximum size in the
storage queue or when exceeding the allowable period of
"ladles" location in the queue (output "at timeout™). In this
block one order corresponds to one "ladle". After train
formation, its size is fixed; all orders are eliminated,
except the one that later captures the resources which
number corresponds to the train size. Hence that left order
simulates the movement of a single train with few
resources — "ladles".

Order moves through the network according to the
technological route, then releases all captured resources
and immediately self-eliminates.

The main results of the model operation are the
following characteristics:
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- time of the resource "locomotives" using;

- time of the resource "ladles" using;

- the number of registered failures in the furnace
operation because of the untimely delivery of ladles.

Additionally, it can be analyzed:

- time distribution from the delivery of ladles to the
front of the liquid slag pouring till the start of output;

- the turnover time of trains etc.

Statistical data are gathered and displayed as
diagrams..

Before each run the quantity of the resources — ladles
and locomotives — are changed (increased and decreased
relative to analytically calculated values).

Analysis of the results is convenient to examine at the
diagram shown in Fig. 8 (darker areas correspond to
higher probability of failures).

From the diagram analysis the following can be
concluded:

- at usage of 5 locomotives it is needed at least 56
ladles to avoid disruptions in the operation;

- at usage of 6 locomotives it is enough 45 ladles.

Based on economic calculations the most effective
variant of rolling stock application is chosen as a
minimum cost for transportation.

Calculations show that the annual cost savings using
this technique for optimization of a certain micrologistic
enterprise systems is several million hryvnia, depending
on the specific conditions.
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Fig. 8. Diagrams of the use factor of locomotives versus number of ladles

CONCLUSIONS

1. The developed intelligent control system of
railway transport for metallurgical plants allows
improving the transfer efficiency.

2. Introduced approach allows searching for the most
effective management decisions at operational, medium
and long-term planning.

3. Application principles of the intellectual control
system are approved based on the transport system of
liquid iron and slag transfer. It has been created typical

simulation models that can be used at Ukrainian and
foreign metallurgical plants.

4. The possibility of further development of the basic
models for increasing of the detailing level is provided.

5. Performed analysis by the example of
metallurgical plant has proved the efficiency of transport
control system application based on the developed
models.

6. Stated technique of the practical application of the
model in conditions of blast-furnace shop allowed
determining of the most economical way of operation
management by the effective use of locomotives and
ladles.
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HWHTEJJIEKTY AJIbHASI CUCTEMA VYIIPABJIEHUA
JKEJIE3HOJIOPOXXHBIM TPAHCIIOPTOM
METAJUTYPITUYECKUX ITPEATIPUATUN

C. Typnak

AnHortanmsi. B crathe paccmaTpuBaeTcs cucTEMa
YOpaBICHHS  IEpeBO3KaMU HA  HKEIE3HOJOPOKHOM
TPAHCIIOPTE METALTyprudeckux mpennpusatuii. Co3maHa
WHTEIUIEKTyallbHasE ~ CHUCTEMa  yIPaBICHUS, KOTOpas
OCHOBaHA HAa WMHTAIMOHHOM MOJEIUPOBAHUHA PAOOTHI
OTIpeIeIeHHON MHUKPOJOTHCTHIECKOM CUCTEMBI
npeanpusitus. Jns noucka Hambonee dPQPEeKTUBHBIX
YIPaBIEHYECKUX peleHuit BBITIOJIHSIOTCS
MHOTOYHUCJICHHBIE TPOTOHBl MMHUTALMOHHON MOJeNIn
MHUKDPOJIOTUCTUYECKOW ~ CHCTEMBl ~ NIPH  W3MECHEHHH
rapamMeTpoB ee paboThl B OIPENENICHHBIX Uara3oHax.
HavanpHbIE mapaMeTphl ONPENEeNAIOTCS aHATUTHICCKUM
MyTeM, WIA JPYTHMH, TPAJUIHOHHBIMA METOIAMH.
Pemmenns MoryT BBIpabaTHIBaTHECS KaK MPU OTIEPATHBHOM,
TaK W TPA CPEHHECPOYHOM U  JIOJTOCPOUHOM
IUTAHUPOBaHUH, B YCIOBHAX IUIAHOBOTO W3MEHCHUS
KOJIMYECTBA WM XapaKTEPUCTHUK HMMEIOMINXCSI PECYPCOB,
pasButust  MHOPACTpyKTypbl  TpaHcmopta.  Cpeam
Hanbosiee A(PQGEKTUBHBIX MO IOKa3aTesisaiM  PpaboThI
MOJIEJIM  TPYNIl  MapaMeTpoB  TIPYNNOH  JKCIEPTOB
BBIOMpaeTcs OJHA U3 HHUX, YeM OO0eCIeYHBaeTCs
OINITUMU3ALIMS TAPaMETPOB HYHKIIMOHUPOBAHUS CUCTEMBI.
OmpeneneHa KOHIENTyalbHasE MOJENb  yIPaBJICHUs
IpoIieccaMi BBHIITYCKa W TPAHCHOPTHPOBAHUS KHIKOTO
YyryHa W 1[DJaka B JIOMEHHOM  IPOU3BOJICTBE.
PaspaboTtana Mozmenb pabOTHI TPAHCIIOPTHOH CHCTEMEI C
KOMIICHCAIEH BIIMSHUS APYTUX TOJCHUCTEM M BHEIIHUX
(dakTopoB Ha nmaHHBIe mTpouecchl. CO3MaHBl THITOBBIE
UMHTALIMOHHbIE  MOJEJIM  TPAHCIOPTHOH  CHUCTEMBI
NEPEBO3KH KUAKOTO YyryHa U IUIaKa, TIPUBEJICHA JIOTHKA
NOCTPOSHUSI CTPYKTYpBI, YIpaBIEHHs IIpOLEcCaMu |
0COOEHHOCTH (PYHKIIHOHHPOBAHHUS OTACIBHBIX OOBEKTOB.
Mogenu  COCTaBJISIOTCS. M3 CTaHAApPTU3UPOBAaHHBIX
9JIEMEHTOB,  KOTOPBIE  BBIMOJHSIOT  OIPE/eSICHHbIE
olepany 10 OOCITYy)KMBaHUIO 3aKa30B B CHCTEME.
[penycmoTrpeHo  pa3BuTHe  0a30BBIX  MOJEICH B
HalpaBJCHUHN JIOCTIDKEHHSI Oosiee TIIyOOKOro YpOBHS
JeTanu3anid 1 0Oojiee PasBUTOM JIOTMKU YIPaBIICHHS.
Bnusiaue npyrux mojcucteM Ha pabOTy TPaHCIOPTHOH
CHCTEMBl YYHUTBIBACTCS ITyTEM HWMHTALUN OTBICUCHUS
JIOKOMOTHBOB Ha OTH MEPEBO3KW. DBBINOIHEH aHau3
3¢ (GEeKTHBHOCTH CHCTEMBI YIPaBJICHUS NEPEBO3KaAMH Ha
Oaze pa3paboTaHHBIX MoIeTIei Ha puMepe
METaLTypru4ecKOro IpeIIpUsIThsI.

KiroueBble ciioBa: IKEJIE3HOJOPOKHBIA TPAHCIOPT,
METaJTyprudecKoe IpeanpusTue.



