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GENERAL MODEL OF A TRANSPORT-TECHNOLOGICAL GRAIN STORE ROUTE
NODE FOR CONTROL SYSTEMS PROGRAMS

The paper concerns a problem to develop software for engineering control systems based upon standard industrial
controllers and SCADA means at enterprises for grain storage and processing. The problem generalizing approaches to develop
algorithms controlling equipment as a part of technological routes has been considered. A system to control transport-technological
grain route at grain storage is the research object. Control of transport-technological equipment at a route level is the research
subject.

The article considers thematically related publications in the field of conveyor transport management and shows the
relevance of developing a general model of transport and technological route of grain in terms of simplifying the tasks of building
control algorithms, programming, debugging and implementation of ACS in enterprises.

Purpose is to develop general control model for nodes of a network of transport-technological grain storage routes to
formalize tasks of software creation for industry specific engineering systems.

Analysis, classification, and generalization of processing equjpment have been carried out; approaches to implement
functional structures of elevator routes have been studied. General model to control transport-technological grain storage route has
been proposed in the form of a graph of states. Transitional conditions in the form of algebraic logic have been developed for this
graph as well as algorithms to control certain mechanisms in terms of transitional states of the route.

The control model developed in the form of graph involving transitional conditions and algorithms of transitional states
has obtained its software implementation; moreover, it has been introduced in the context of industry specific engineering control
systems at operating enterprises of grain storage and processing. The introduction results have demonstrated the model stability
under the conditions of different enterprises engaged in grain storage and processing from the viewpoint of its implementation in
the system software.

The realized field experiments have demonstrated the system effectiveness, which allows to recommend it to solve the
problems of software development for engineering control systems based upon standard industrial controllers and SCADA.

Keywords: transport-technological grain storage routes, general control model, graph of states, industrial controller,
SCADA, route node
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Hauionanbhuii TexHiuHui yHiBepcuteT «{HinpoBcbka [Tonitexnikay, AHinpo, Ykpaina.

3ATAJIBHA MOJAEJIb TPAHCIIOPTHO-TEXHOJIOTTYHHOI'O MAPIHIPYTY 3EPHA
JJIS1 ITPOI'PAM CUCTEM YIIPABJITHHA

PoboTa npucss4eHa rnpobriemi po3pobku rporpamMHOro 336E3MeYeHHS TEXHIYHUX CUCTEM YripaB/liHHS, M06Y40BaHUX Ha
OCHOBI CTaHAAPTHUX POMUCIIOBUX KOHTPO/IEDIB Ta 3acobis SCADA Ha rigripneMcTBax 36epiraHHs i nepepobku 3epHa. PO3ITISHYTO
3ahady y3ara/ibHeHHs MiAXo4iB 4O 106yA0BN a/liropUTMIB YIIPas/iiHHS 06/1a4HaHHSIM Yy CKadl TEXHOIOMYHUX MapLpyTis. O6€KTOM
AOCIIDKEHHS] € CUCTEMA KOHTPOJTIO TPAHCIIOPTHO-TEXHO/IOMYHOIO LU/ISXY 3EPHA Py 36epiraHHi 3€pHa. [TpegMeToOM AOC/IIIKEHHS €
KOHTPO/Ib  TPAHCITIOPTHO-TEXHO/IONYHOrO O0b/1afHAHHS Ha PIBHI Maplupyty. MeToww € po3pobka 3ara/ibHoi MOAEs yripas/iiHHS
By3/1aMu  MEDEXI  TPAHCIIOPTHO-TEXHOJIOMYHMX MapLUpyTiB eneBaropa 4715 opmanzauli 3a4a4 HarmcaHHs  rporpamMHoro
3abe3rieqerHHs 415 MPoQiIbHUX TEXHIYHNUX CUCTEM.

Y crarri po3rsisHyTO TEMatuyHO r10BF3aHi ryosiKkauii y ceepi KepyBaHHS KOHBEEPHUM TPAHCIIOPTOM Ta [10K33aHa
AKTYa/IbHICTb PO3POOKMU 33rasibHOI MOAESTI  TPAHCIIOPTHO-TEXHO/IOMYHOrO MapLupyTy 3€DHa 3 TOYKW 30pY ClIPOLEHHS 33434
106Yy,40B8u a/IrOpUTMIB KEDYBAHHS, I1POrpamyBaHHs, Big/IaromKeHHs i BripoBagxeHHs ACY Ha rigripnemMCTBax.

[lpoBegeHo aHasnis, Kaacu@ikauito 1a y3ara/bHEHHS TEXHOJIONYHOro 06/1a4HAaHHS €/1eBatopa, Miaxoais Ao peasnizauli
QYHKLIOHA/IbHUX CTPYKTYD MapLupyTiB €1€BaTtopa. 3arporioHOBaHO 3arasibHy MOAETb YrPaB/iHHS TPaHCIIOPTHO -TEXHO/IOMYHUM
MapLIpyTOM €71€BaTopa y BUI/IS4I rpa@y CTaHiB. [/ Uboro rpaga po3pobrieHO yMOBU MEPEXOLIB Y BUITISAI CUCTEMU DIBHSIHb
anrebpm JIorikv 1a asiropUTMuU KEPYBAHHS OKPEMUMU MEXAHIZMAaMU y MNEPEXIGHNX CTAHAX MapLUPYTY.

Po3pobrieHa MOZE/b YripaB/liHHSA y BUITISAI rpaga 3 yMoBamu repexosiB 1a aropuTMamm rMEPEXIGHNX CTaHIB Peasi30BaHa
[1POrPamMHoO | BrPOBALKEHAE MPaKTUYHO HA MPOQIIbHNUX TEXHIYHUX CUCTEMAX YIIPas/iiHHS Ha AI0YnX MIGNPUEMCTBAX 36EPIraHHs Ta
1ePEPO6KM 3€PHA. Pe3y/ibTaTu BriPOBAAXEHHS [10Ka3amm CTanicTb MOAEN B yMOBax PI3HUX IIAMPUEMCTB 36epiranHs i nepepobku
3EPHA 3 TOYKM 30Dy if 3aCTOCYBaHHS Y MPOrPaMHOMy 330€3M1e4EeHHI CUCTEM.

[lpoBegeHi HaTypHi €KCrIEPUMEHTHU 10KA3a/IM LIEBICTL 3arlpPOrTOHOBAHOI MOAEN, YO [O3BOJISIE PEKOMEHAyBat i 4/
BUPILIEHHST 3a4aq pO3POOKu  MPOrpamMHOro 3a6Ee3MEYEHHST TEXHIYHUX CUCTEM  YrPasB/liHHA  TPAaHCIIOPTHO-TEXHOIOMYHUMU
MapLupyTamm Ha 6a3i mpomMuc/ioBux KOHTPoepiB t1a SCADA.

Kito4oBIi  C/10Ba:  TPaHCIIOPTHO-TEXHOIONYHI  MapLUPYTV €/1eBaTopa, 3ara/lbHa MOA4ETb Yripas/liHHS, rpag CTaHis,
npoMuCIIoBusi KOHTPosiep, SCADA, MapLipyTHa OAMHULSA OO/IaAHAHHS.

Introduction
Processes of grain receiving, unloading, and processing in Ukrainian granaries are closely connected with
such transport-technological equipment as conveyors, elevators, valves, separators, hoppers etc. The equipment is a
part of transport-technological routes (TTRs). Currently, the problem to develop general model of control over
transport-technological grain storage equipment as TTR network nodes is quite a topical problem. Such a node

MDKHAPOJHUI HAYKOBUI K YPHAJT . 25
«KOMIT’"IOTEPHI CUCTEMH TA IHOOPMAIIWMHI TEXHOJIOI'Tl», 2021, Ne 1



INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

should give means, controlling routes, the unified access interface for each node in terms of the route despite its
operation features and technological function.

The article research object is an engineering system to control transport routes of grain within a grain
storage, barnyard, and grain processing plant.

Route control relates to the problems of technological operation use for grain; in this context, it may be
formalized. Currently, the most of granaries are equipped with the automated control systems (ACS) to control
TTRs or ACS conveyors in other words. To solve the problem, use of such standard facilities as serial sensors,
control gear, industrial controllers and SCADA is quite sufficient. The solutions relate to the problems to develop
control software and, hence, methods and algorithms.

The research subject is a process to control transport-technological equipment at a route level.

Practices of TTR ACSs implementation in the context of core enterprises show that a period of the required
TTR determination involves a problem to control various technological facilities being of the different purposes,
different modes of action as well as different number of input and outputs even in terms of facilities being of one
and the same operation mode. The diversity originates unique solutions for the automated control both at the
mechanism level and at route level. In turn, the abovementioned complicates programming as well as TTR ACS
development based on industrial controllers, and SCADA means.

Purpose is to develop general model to control nodes of network of transport-technological grain storage
routes to formalize software coding for industry specific engineering systems.

Related works

Generally, the articles in the public domain are of advertising, general or journalistic nature. As a rule,
articles of scientific content list functions and technical features of ACS of TTM; however, their solutions have not
developed at the level of functional structures [1] or is descriptive, which in principle can provide some structure
[2]. At the same time, these systems have implemented in practice. This fact indicates about the nonappearance of
the unified system approach to the problem of TTR control at a grain storage. Nevertheless, problems of the control
of certain transport-technological route nodes have been solved quite sufficiently. Among other things, there is a
description of tags of the automated objects; sources of the signals as well as their processing means are available
[3]

If you look at other areas of conveyor transport application, then from the point of view of the presented
scientific works the situation is different. There are publications of mine conveyor control systems of transport that
are descriptive and give an idea only for their functions and structure of technical means [4, 5]. But presented and
quite serious scientific works related to speed control [6], modelling and speed management of belt conveyors
during the movement of cargo [7], regulation of freight flows of conveyor transport based on energy efficiency [8].
Modern research on substantiation and construction of a network of TTM equipment are also presented [9, 10].
However, in the context of modern operating grain storage, substantiation matter is not so topical one. As a rule,
each route has been determined at a design stage of the grain storage depending upon a list of technological
operations. Currently, it is more relevant to propose the overall concept of granary TTR control based upon the
industrial controllers to simplify the tasks of the development of control algorithms, programming, adjusting, and
ACS of TTM implementation at the enterprises. This, in turn, will allow the introduction of energy-efficient
methods of grain movement by safely regulating the speed of transport and technological equipment, as the latter are
justified and can be used only at the level of standard functional solutions ACS TTM [6, 7, 8].

On the other hand, today there are works that present the results of the synthesis of the functional structure
of the ACS TTM [2, 4, 5, 11, 12]. Also, the analysis and classification of transport-technological equipment used in
the grain storage have performed. As a result, systems of logic algebra equations for control of this equipment have
developed [12] Both the functional structure and the systems of equations had implemented in practice when
developing software for the grain storages of Ukraine. The results of these works allow us to continue the research
of the process of control of transport and technological equipment at the level of the route to obtain a general model
of control of the transport network nodes and technological routes of the grain storage.

Proposed technique

Consider the basic technological operations within a grain storage in the context of their use with
technological equipment of the enterprise. Generally, any grain storage performs series of actions intended to
receive grain, store it, and release it. In any case, the activities relate to grain transportation and processing. Consider
grain receiving since the process involves the most of operations [13] with the use of transport-technological
equipment.

If weighing, quality determination, and decision-making as for the grain batch formation, placement, and
processing are ignored, then receiving may consist of:

1. Reloading from a vehicle (truck, trailer, railway hopper or gondola wagon, etc.);

2. Grain cleaning;

3. Grain drying;

4. Grain batch placement.
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It is obvious that the operations involve standard equipment to transport grain; however, specific facilities
may also participate (equipment aspiration, grain cleaning, dosing etc.). Nevertheless, the facilities [13] for grain
transportation within an elevator may be divided into several groups depending upon their control principles:

1. Non-positional equipment to transfer bulk material: belt, scraper, and worm conveyors; bucket
elevators; and unregulated two-position hopper latches;

2. Ventilation and aspiration equipment for elevators, covered transporters, separators, and hoppers;

3. Positional equipment to transfer bulk material: check valves, rotary tables and pipes, and unloading
carts;

4. Equipment to determine the route efficiency: smoothly or stepwise adjusted latches, conveyors, and
sometimes bucket elevators with velocity control;

5. Separators;

6. Equipment which may be represented as a hopper: operative hoppers or permanent storage hoppers,
driers, intake pits, and unloading equipment.

It is obvious that six groups are too many to develop general node model. To simplify the classification,
consider the adopted ACS structure of TTR to formulate the requirements for a program model of a technological
equipment unit. Taking into consideration the available approaches to the development of ACS of grain storage
TTR, it is possible to say that among other things their functional structures also involve three autonomous layers,
i.e., functional levels [11, 12]. The levels are implemented programmatically:

1. Object coordination level where the initial processing of discrete, analog or Yes-No signals takes place;
their norming and scaling; as well as program commutation in the form of tags to a level of the equipment control;

2. Equipment control level where program models of the facilities, performing automated control and
diagnostics of the equipment state; and emergency protection according to the tags listed in point 1, are allocated. In
turn, the level provides tags of the equipment state in terms of the route control level;

3. Route control level with the corresponding models and algorithms.

To achieve the purpose of research, it is advisable to use the third functional level.

Such a term as a route should be understood as a set of equipment units along which material objects
transfer successively with changes in their properties. In this case, grain, waste, and air are the material objects. It is
proposed to control the route according to a graph of states shown in Fig. 1.

The graph describes following states:

RO being initial undefined state. It is available during the system start when tags from the mechanisms were
not sent;

R1 being a state of the route readiness. All the route mechanisms are stopped and serviceable;

R2 being a state of the route starting. This is a transitional state when a certain part of the route mechanisms
is started or in the process of starting, and some mechanisms are waiting their turn. Of course, the route is started
follows the order being opposite to bulk material travel direction; however, this requirement is not obligatory for
aspiration equipment;

R3 being normal operation of the route. All mechanisms are serviceable and work within the route;

R4 being the planned stop of route. It is the transitional state when the mechanisms are serially stopped.
The sequence of stopping the route mechanisms corresponds to the direction of movement of bulk, while maintaining the
time for the backfilling of grain from the mechanism or the extraction of dust by the aspiration element;

R5 being the abnormal stop of the route. It is a transitional state being available during the starting,
operation, or planned stopping is the tag concerning the unexpected situation happening in one of the mechanisms if
a tag relative to emergency is sent (i.e., emergency stop has happened or normal one if it was not scheduled). The
abnormal mechanism, as well as all mechanisms, operating oppositely to grain movement, stops immediately and
simultaneously to avoid the grain pouring. Other mechanisms perform their stopping successively like in a mode of
the scheduled stop;

R6 being unavailable state. The route has stopped. In this case, it has faulty mechanisms which cannot be
started; or one of these mechanisms launched, but as part of another route.

Fig. 1 misses R2-R4 transition; however, the scheduled route stopping without complete starting of all its
mechanisms is not the obligatory condition to solve the considering problem.

The conditions of transition on the branches of the graph are determined. The control graphs of certain
mechanisms required for the conditions of transfer along the branches of the graph in Figure 1 are considered in [11,
12] in the form of systems of equations. The described experiments use only the states being important as
information criteria for the route level:

MO is the initial undefined state of a mechanism. It is available during a system initiation similarly to R0
state when tags of sensors have not been received;

ML is the initial state of a mechanism being serviceable and stopped;

M2 is the transitional state of a mechanism when is started;

M3 is the target state of mechanism, the mechanism is operating;

M4 is the transitional state of a mechanism, the mechanism is stopping;

M5 is the transitional state of a faulty mechanism; controlling influence for its stop is established.
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P1.1

Fig. 1 Graph of states to control transport-technological grain storage route

According to point 6, the equipment, represented as a hopper, is absolutely passive. It has either one sensor
or several or provides another tag that prohibits downloading. The model may show that as an emergency sensor of
from a group, mentioned in point 1, or as a tag of a command by operator as for the scheduled route stop depending
upon the specific technological task.

Control of non-positional equipment of transition, ventilation, aspiration, separators is reduced to the
mechanism on and off. Its control graphs are similar. Hence, finite-state machine with the predetermined states [12]
from a group, mentioned in point 1 is applied.

Now, consider positional equipment to transfer of bulk in terms of point 3. From the viewpoint of a route
control, the moment when check valve, rotary table, and unloading cart are in the motion, they cannot be used for
their main purpose, i.e., for grain moving. Thus, despite the control graph looks like when the devise is moving, its
position for the route in R2 state should be M2 only. M3 initiates if the mechanism is at the required position; its
drives are stopped; and its route state corresponds to R2-RS range. Hence, from the viewpoint of a route, the group
from point 3 is reduced to the same group from point 1 in terms of information identifiers of state. However,
exceptions are possible in some cases. For instance, there are technological schemes where check valve or route
reloading latch of a scraper conveyor is used to load either dryer or separator. If they are filled up, the latch should
be closed to prevent the grain pouring out, or the valve should vary its position right during the operation to redirect
the grain flow towards an operative tank. Under the conditions, despite the current state of positional mechanisms of
the route within R2-RS5 state, its mode will always be M3 if a command to stop the mechanism or accident tag is not
received.

The equipment, determining route efficiency in terms of point 4, is also reduced to non-positional
uncontrolled one in terms of point 1, by moving the control task for the functional level of route management. It is
correct since the route effectiveness may be restricted of drier and/or separator low efficiency or incorrect conveyor
choice.

Thus, each class of elevator mechanisms was described by means of multipurpose digital control box
corresponding to point 1 classification. The equations of states of this a control box are given in [12]. Its use makes
it possible to transfer to equation system (1) describing transition conditions of the graph shown in Fig. 1.

P0.1 =P AL, M1,

P0.2 = P\, M1,

P11 =pViL M1;- ViL, M2;- ALy M_31 A=y M_51

P1.2 = p\&, M1,

P2.1 = p AL, M3,
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P2.2 = pVIL; M1; - VI, M2; - AR, M3, - VL, M5,

P3.1 =pVir, M1;- ;1=1M_31'V;1=1 M4, - ?le_51

P3.2 = pViL, M1; - AL, M3, - VL, M5;

P41 =P AL, MY

P42 = PVt M1 - AL, M3, - ViL, M4; - VL, M5,

P5 =V, M1;- AL, M_‘l'u Vit M5;

P6 =P ALy M
i=1, 2,..,m, M1,M2,..,M5 € {0;1},p € {0;1}, (1)

where p is a command by an operator to start the route, and p = 1 may mean both stop command or
prohibit further operation from the end point of the route (for example, from a silo storage if its upper-level sensor
responses); L are order numbers of mechanisms within the route; and 7t are the quantity of mechanisms within the
route.

To make the controlling model complete, it is also required to determine output control influences. At the
level of routes, these influences at the tops of the graph of Fig. 1 are tags as switch on/off ith mechanism where
mi € {0; 1}. The changes in the tags may take place within the transitional graph states (Fig. 1) following a strict
sequence stipulated by a technique of the route starting and stopping.

To demonstrate this technique, it is expedient to represent processes of controlling influence on the route
mechanisms in the form of schemes of algorithms for transient nodes of graphs R2, R4, and RS as it is shown in
Fig. 2.

Schemes of algorithms in fig. 2 are generalized schemes. Like the graph in Fig. 1, they do not reflect some
specifics of software coding for industrial controllers.

Experiments

The model has been implemented in LAD language for industrial controller of SIMATIC S7-1200 series.
Together with this controller, OBEH Mx110 means of the distributed input/output have been applied to make the
development cheaper. The model was applied separately for each grain storage TTR in the context of general
processing cycle.

The software, implemented in terms of the model, was introduced at the three operating enterprises:
Ahronadia Itd elevator (village of Rivchak-Stepanivka, Nosivka District, Chernihiv Region); Boryslav farm (village
of Starostyntsi, Pohrebyshche District, Vinnytsia Region); and Druzhba ltd (village of Orly, Pokrovsk District,
Dnipropetrovsk Region). Table 1 demonstrates results of the implementation experiments.

Table 1
Results of the experiments
Enterprise Number of routes Number of equipment units Total number of equipment Period of program scan,
involved in the route units ms
Lab 1 20 20 13
debugging
Ahronadia 1td 59 from 6 to 14 62 86
Boryslav farm 53 from 6 to 16 68 79
Druzhba 1td» 10 from 6 to 13 34 27

As a result, no principal changes were made in the graph, controlling routes, and algorithms, controlling
mechanisms, despite differences in methods and equipment types. Changes concerned the number of mechanisms
and routes; and composition of the mechanisms in terms of specific routes. The changes were described only in
structures of databases, and algorithms of the data preparation. The algorithm, implemented by means of the
method, experienced no changes.
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b)

ig. 2. Schemes of algorithms to control mechanisms within a route: a — starting, R2; b — scheduled stopping, R4; and ¢ — unscheduled
stopping, RS

Results

According to the experiment results, the model has demonstrated stable behaviour under the conditions of
different enterprises engaged in grain storage and processing; in terms of response time, its program implementation
with the help of means of industrial controllers did not exceed 100 ms. Such a response period is good enough for
granary enterprises. The fact, the model implementation did not experience any changes in terms of different
technological schemes demonstrates its versatility making it possible to recommend the model as the general one to
control TTR nodes as well as TTRs themselves for the core enterprises.

The model implementation involves rendering of list of the mechanisms as well as description of an
enterprise TTR to the corresponding structure of industrial computing means data. The abovementioned makes it
possible to organize common interface to configurate mechanisms and routes and integrate them in the general
system of an enterprise control.

Conclusions

According to the purpose, set at the beginning of the paper, the authors managed to obtain general model to
control nodes of a grain storage TTR network. Following problems have been solved during the research:

— TTR equipment has been classified according to a control principle;

— functional level of ACS has been selected to implement the model to control TTR nodes;

— TTR control graph has been developed as a model where conditions of its transitions are described by
means of equation system as well as performance algorithms of control influence within transition states of the
graph;

— The control model in the form of individual programs for engineering systems to control TTR of real
objects has been implemented;

— Invariance of the model has been demonstrated resulting from its use at different profile objects.
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A method to represent states of transport and technological grain storage routes in the form of general
graph to control the routes has been proposed. Implementation of the method makes it possible to formalize a
problem to control transport and technological routes involving different number of nodes with various
technological purposes.

Scientific novelty is in the granting of general approach to develop software of engineering systems of a
grain storage TTR control to manage the equipment for grain moving at the level of routs.

Practical significance is to simplify design, coding, and implementation of software for technical control
systems of a grain storage TTR by formalizing approaches to add technologically sound routes to those controlled
automatically.

Prospects for future researches are to create methods of adaptive dynamic routing of grain flows
depending upon a set of scheduled technological operations, the level of involvement and modes of operation of the
equipment
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