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1. Introduction

In [1], the basic structure of the sTransA conversion
system with a batch feed of products on an example of a
liquid heating system was developed. What is the feature of
this structure?

Firstly, the conversion system solves a simple task —
conversion of input raw products into the output product.
In the demo, this is the conversion of cold liquid into a
heated liquid.

It is necessary to pay attention to the phrase “output
product”. This is the output product, not the finished
product since the conversion system is only responsible
for the qualitative indicator of the conversion product.
Responsibility for the possibility of selecting the finished
product with the required quantitative parameters
by the consumer lies with the buffering system of the
sSepAicontrolled system.

Secondly, the conversion system implements the principle
of batch conversion of raw products. At the output of the

conversion system, a continuous finished product can not be
obtained in principle. Such a product can be obtained at the
output of the buffering system.

Third, principle of feed of volumes of raw products,
independent of the energy product feed rate is realized in
the conversion system. And, therefore, full implementation
of optimal control technologies is potentially possible in
the conversion systems, formed according to this principle.
However, only potentially.

For the practical implementation of the optimal control
principles, the basic structure of the conversion system
should be supplemented by the necessary structures, which
provide the delivery of information signals about the
size of the resulting target product and the value of the
optimization criterion for the technological operation (TO)
performed.

The concept of “optimal” (the best), is very often, and it’s
an understatement, treated by researchers fairly arbitrary.
Some believe that the best control is the control at minimum
cost while others regard control with a maximum movement




speed of the controlled object as the best, many of them
minimize power consumption and so on.

In fact, this concept does not have “degrees of freedom”.
Control, which ensures the generation of maximum value
added, which leads to maximum profits of the enterprise as a
whole, if the optimization, by the efficiency criterion, covers
all the systems of such enterprise is optimal.

The paper aims at developing a cybernetic structure of
the technological subsystem, which is able to provide such
optimization.

2. Analysis of the literature data and problem statement

The principle of determining the basic indicators of the
technological process (TP) according to the results of the
control of its parameters in an attempt to implement the
optimal control principles has been always used, and began
to be actively discussed in the special literature since the
mid 19th century. However, the inadequate model of the
technological conversion subsystem (TCS) (excluding the
wear process) leads to false conclusions. For example, such
statement is quite typical and still has not lost its “relevance”:
“Therefore, the operation of the circuit of enrichment devices
can be optimized without the direct accounting of economic
indicators. It is enough to provide a maximum output of the
concentrate with regard to the restrictions, applied to the
object that will provide the maximum profit” [2].

This approach in Soviet scientific schools and other has
led to the development of entire areas, where problems of
assessing technological processes were reduced to estimating
the speed (performance) of the TCS [3, 4]. Accordingly, this
was reflected in the model of the technological subsystem, the
modes of which are not directly related to economic indicators.

Development of computer technology has led to the
appearance of many publications, in which the optimization
problem was formulated as the process of determining the
minimum cost [5]. But the cost can be determined both by
a separate technological process, and in relation to the larger
structures of the enterprise, which seems easier. As can be seen
from the description of the MRP II standard, standardization
efforts are more focused on the structure of the enterprise as a
whole, than the systems [6] it is composed of.

Failures in attempts to use the control at minimum cost
have led to the fact that the TCS models, as a rule, are developed
based on the physicochemical aspects of the processes [7].

An important factor that hinders gathering statistical
data for making managerial decisions directly within the
TCS is measurement errors of quantitative parameters
of conversion products. This is a strong reason to use the
optimization criterion, since the use of direct methods for
determining the optimum requires by orders of magnitude
more experiments with the need to process the “cloud” of
measurements [8].

Problems, associated with the lack of a cybernetic
structure of the TCS lead to attempts to create genetic
algorithms [9]. It is expected that such an algorithm, in the
course of evolution, generates the optimal TCS structure.

3. Goal and objectives

The goal of the work is to develop the TCS architecture,
which provides the formation of not only the output

consumer product, but also information products, displaying
the absolute and the relative indicators of the extent of
achieving the control objectives.

Tasks that need to be solved to achieve this goal, are:

— formation of basic subsystems of the conversion system;

— development of mechanisms for the superstructure of
the control subsystem that allows to test the capabilities
of the technological conversion subsystem of products and
input mechanisms;

— formation of the TCS that provides possibilities for
extreme (optimal) control.

4. Formation of the basic subsystems of the conversion
system

Synthesis of the basic internal structure of the
conversion system [1] allows to proceed to the formation
of the subsystems of the system. In the current scientific
and engineering works, related to the study of the internal
structure of the cybernetic system, there is no description of
the reasonable concept of reference of this or that object of
the system to its subsystems.

Experience of practical integration of internal objects of
the investigated systems shows that integration of the internal
system objects according to the principle of the intensity of
the interaction of these objects is the most natural. That is, the
structures, among which there is the intensive data exchange
should not be in different subsystems.

This is quite natural, since experience shows that it is
more effectively to place employees, intensively interacting
in working moments in the same office.

In the formed system [1], synthesized mechanisms ensure
the functioning of the technological process (TP) and the
control process. This means that it is necessary to form two
subsystems: technological subsystem and control subsystem
within the conversion system.

Based on the object-oriented principle, the mTmprA1
mechanism and mechanisms that continually monitor the
process parameters (mFinA1, mCmpA1, mFinA2), should
be attributed to technological subsystem. All the rest - to
the control subsystem.

In this case, one unit pulse signal is transmitted for one
functioning cycle of the system via RTF-RTF, RED-RED
and PTF-PTF channels (Fig. 1).

Signal that is transmitted via RTF-RTF channel, informs
the control subsystem of the completion of receipt of the raw
product in the mTmprA1 object buffering mechanism.

Signal that is transmitted via RED-RED channel,
notifies the control subsystem that the quality of the
conversion product has reached the set value.

Finally, the signal transmitted via PTF-PTF channel,
indicates that the finished product is transferred to the
buffering system.

By combining the mTmprA1, mFinA1, mCmpA1 and
mFinA2 mechanisms into the sbTransA technological
subsystem, and mPassA1, mPassB1 and mGstB1
mechanisms into the sbContrA1 control subsystem, we get
the opportunity to present the heating system in the form of
two subsystems — the technological subsystem and control
subsystem (Fig. 2).

Since the control unit is not an integral object, the term
control system is apparently incorrect. Using it can be
justified only by the historical practice.
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Fig. 1. The result of integration of the internal structure of Assignment of the mScanB port sections is given in
the system under study according to the object-oriented Table 1.
principle
Table 1
----------- — —_—_— Assignment of mScanB port
Interface model of the controlled system : sections
‘Raw product feed systemég Heating system sTransAl Buftering H Port assignment | Notation
stimeal  [mMF[CL [T [EIL osiEmnsgpall § Control signal MIN
) - - e minimum
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= . ey soLE maximum
= CE) s Control change step STP
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& | scanning direction
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1 ] = — oOT Control signal ouT
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= = Bl boundary
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e e first five parameters
Rtk are set before the start of the
control process.
Fig. 2. The interface model of the controlled system, conversion system of which is If a zero value is set in
represented in the form of liquid heating subsystem and control subsystem the DIR section, the control



changes from a smaller value (set in the MIN section) to
the larger value (set in the MAX section). Unit level in the
DIR section leads to the control change from a larger value

to smaller.

DIR |OUT | STP | STS

mScanB

MIN |STR |MAX| RPT

Fig. 3. The interface model of the mScanB linear scanner of
the control range in the form of EFFLI object

Control step is set in the STP section.

Setting the unit-level signal in the STS section provides
the termination of the operation of the controlled system
after reaching the control boundary.

Control signal change in the OUT section occurs when
the unit-level strobe signal enters the STR port section.

5. 1. 2. The mTimerA timer

Time of the technological operation (TO) is a necessary
parameter for solving the optimal control problem and
mTimerA timer was created for its determination. The
interface model of the timer is shown in Fig. 4.

FIN | STR | TIM

mTimerA

Fig. 4. The interface model of the mTimerA timer in the form
of EFFLI object

Assignment of the mTimerA timer port sections is shown
in Table 2.

Table 3

Assignment of the miIntA integrator port sections

Port assignment Notation
Input signal IN
Output signal ouT
Integrator reset signal RES

Table 2
Assignment of the mTimerA timer port sections
Port assignment Notation
Timer start STR
Timer stop FIN
Measured time interval TIM

5. 1. 3. The mIntA integrator

Determining the energy product consumption requires
a mechanism that ensures the conversion of the energy flow
into the energy consumption volume. For these purposes, the
mIntA integrator with reset was developed. The interface
model of the integrator is shown in Fig. 5.

IN | RES |OUT

mintA

Fig. 5. The interface model of the integrator mintA in the
form of EFFLI object

Assignment of the mIntA integrator port sections is
given in Table 3.

5. 1. 4. The mBaseA report generator

The data needed for the analysis, obtained during the
operation of the controlled system should be presented in
a readable form. For these purposes, the mBaseA report
generator was developed. The interface model of the report
generator is shown in Fig. 6.

INl [IN2 [ IN3 | — [IN10O
mBaseA
DI [ D2 [ D3 | — [DI0

Fig. 6. The interface model of the mBaseA report generator
in the form of EFFLI object

Assignment of the mBaseA report generator port sections
is given in Table 4.

Table 4
Assignment of the mBaseA report generator port sections
Port assignment Notation
Record number NUM
Strobe signal STR
Input signal 1 IN1
Input signal 2 IN2
Input signal 10 IN10
Output signal 1 OUT1
Output signal 2 OoUT2
Output signal 10 OUT10

During the next operation, signals, entering the input
section are saved, and upon the completion of the operation
(upon arrival of the strobe signal) are transferred to the
output, after which, if required, displayed on the report
sheet. The NUM section generates the operation number.

5.2. The model of the controlled system with the
possibility to determine additional parameters

Assembled model (Fig. 7) in a software designer in
the form of EFFLI objects allows to display the process of
change of energy consumption volumes of operations and
change in the time of TO in the process of the control change.

The results of the operation of the controlled system in
the form of diagrams of the change of energy consumption
and time of TO are shown in Fig. 8, 9.

As can be seen from the timing diagrams, the time of TO
and energy costs for its implementation decrease with an
increase in the energy product feed rate.

Based on the analysis of timing diagrams, it seems that
the higher the energy product feed rate, the better economic
indicators of TO.
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Fig. 9. Change of energy consumption of operations
depending on the control

5. 3. Development of the structure of the techno-
logical subsystem with the optimization possibility

The physical mechanism of the above processes is clear.
The higher the energy product feed rate, the faster the liquid
is heated, and the decrease in the time of TO naturally leads
to the reduction of heat loss during the heating process.

However, in this case, the most favorable mode is the
mode with maximum energy product feed rate.

All this means only that the model of the TP of heat-
ing is not perfect. The wear of the heating mechanism
[10] increases disproportionately with the increase in the
heating process speed. According to this approach, in the
developed model of the TCS, the service life of the object
depending on the energy product feed rate is described by
the expression

T=Tk™,

where T is the service life of the object (mean time between
failures) when operating in a given mode; T, is the service
life of the object when operating in the nominal mode; k is
the ratio of the actual energy product feed rate to the feed
rate in the nominal mode; o is an indicator, associated with
the used conversion technology of a special product.

To form the current value of the heating mechanism wear
rate, the mWearA mechanism was developed (Fig.10)

[_|
= | mWeard E

Fig. 10. The mechanism of the formation of the heater wear
signal

When delivering data of current energy product rate to
the IN input, mWearA generates signal of the current wear
rate of the heating mechanism on the OUT output. The
higher the energy product feed rate, the disproportionately
higher the heating mechanism wear. This fact must be
taken into account, because otherwise we will not see a
full, natural picture of the physics of the process, and,
accordingly, will not be able to determine the optimal
operation mode of the TP.

However, in order to purposefully change the operation
mode of the controlled system, it is necessary to compare
not the actual values of energy consumption and wear,
but expenses and income from the TO with respect to the
operation time.

The process of comparison is fairly simple. It is necessary
to determine the amounts of raw and energy product, as well
as the wear of the technological mechanism for the operation
time. By determining their cost estimate, we obtain the
cost of the technological operation. These costs are equal to
the sum of costs for each type of input products. Also, the
cost estimate of the output product of the operation can be
obtained in a similar way.

For the technical implementation of this ideology, it is
necessary to create several more mechanisms: multiplier
(mMultA), summator (mSumA) and TO identifier (mIdsA)
(Fig. 11).

Assignment of the multiplier and summator sections is
common and does need the explanation.

Assignment of the TO identifier port sections is shown
in Table 5.
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Fig. 11. The interface model of mechanisms g — mMultA,
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Table 5
Assignment of the mldsA TO identifier port sections
Port assignment Notation

Cost estimate of input products of the operation RE
Cost estimate of output products of the operation PE
The time of the beginning of the calculation of
indicators FIN
Technological operation time TO
Value added of the operation PRF
Profitability of the operation RNT
Resource intensity of the operation R
Efficiency of the operation E

The interface model of connection of computational
mechanisms to identify TO is shown in Fig. 12.
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Fig. 12. Connection diagram of computational mechanisms:

1 — start of the raw product feed; 2 — completion of the
output product release; 3 — signal of the energy product feed
rate; 4 — signal of the raw product feed rate; 5 — signal of the
wear rate; 6 — signal of the output product feed rate; 7 — cost
estimate of the unit of the energy product; 8 — cost estimate
of the unit of the raw product; 9 — cost estimate of the unit of
the wear; 10 — cost estimate of the unit of the output product

Since, in this case, from the operation to operation, only
energy product consumption changes, the cost estimate of
the output product of the operation is unchanged.

In the technological subsystem, upon the completion
of the TO, indicators, relating to the target product (value
added) are determined at a certain time interval based on
three key parameters.
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Fig. 13. The structure of the technological subsystem in the
form of EFFLI objects

Assignment of the sbTechB technological subsystem port
sections is given in Table 6.

To test the TCS settings, dependencies of the heating
mechanism wear and energy consumption on the control
were removed. The nature of the dependencies shows that,
in the control process, the cost function extremum will be
within the selected control range (Fig. 14).

Fig. 15 shows the timing diagrams of the change of the
cost estimate of costs, cost estimate of the output product
of operations and the time of operations depending on the
control.

Changing cost estimates of raw, energy and output
product on sheets of corresponding objects, displacement of
the minimum cost and line of the cost estimate of the output
product can be observed.

As will be shown below, determination of basic indicators
RE, PE and T, provides the possibility of obtaining all
derivatives of economic indicators, needed for determining
the value of the target product of the TO and solving the
optimal control problem. In the R and E sections on the
basis of the key indicators, “resource intensity” [11] and
“efficiency” [12] indicators, which provide the optimization
mode are formed.

Assembled model effli_model 2 can be downloaded here
[13]. After the start, report generator forms the data, which
were used for building the diagrams (Fig. 14, 15).



Table 6
Assignment of the sbTechB technological subsystem port

7. Conclusions

In this part of the work, previously developed structure
of the basic conversion system has been divided into two
subsystems: the basic technological subsystem and control
subsystem. Distribution of objects was carried out according
to the object-oriented principle.

Research of energy consumption of technological
operations depending on the control has shown the need
to finalize the internal structure of the technological
subsystem. The availability of accounting the technological
equipment wear is of fundamental importance since it is
often impossible to determine the extremum of losses or
determine it reliably in the other cases.

In addition to a consumer product, target product (value
added) is always the output product of the technological
subsystem, the technological subsystem should be able to
provide information on the value of the product and the value
of the efficiency criterion. Without this information, it is
impossible to ensure the implementation of optimal control.

The maximum number of degrees of freedom together
with the ability to assess technological operations opens up
the practical possibility of implementing new, previously
unavailable in terms of effectiveness technologies in
production.

sections
Port assignment Notation
Output product release intensity INT
Ambient temperature TE
Heating temperature setpoint ETL
Cost of the unit of the raw product RTS
Cost of the unit of the energy product RPS
Cost of the unit of the equipment service life RWS
Cost of the unit of the output product PTS
Raw product RT
Energy product RP
Output product PT
Start of receipt of the raw product RTB
Completion of receipt of the raw product RTF
Heating process completion signal RED
Qutput product release completion PTF
Operation time TO
Wear amount RWE
Amount by the output product PTE
Cost amount RCE
Value added of the operation AC
Profitability of the operation PRT
Efficiency of the operation E
Sign of the presence of losses of start RWM
Raw product consumption volume RTV
Energy product consumption volume RPV
Output product release volume PTV
Equipment wear for the operation time RWV
Current value of the heating temperature TMP
Heating mechanism load level CL
Resource intensity R
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Fig. 14. Diagrams of the change of:
1 — energy costs and 2 — technological equipment wear
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Fig. 15. Diagrams of the change of the cost estimate of costs
(RE), cost estimate of the output product of operations (PE)
and time of operations depending on the control (T,p)
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IIpononyemocs nioxio 0o nodydoeu ineapianmuux 6io-
HOCHO 306HiWHIX 30Ypens cucmem ynpaeainns. Ha eiominy
610 KaACUMHOI CXeMu mym He nompioHo eumiproeamu 00y-
penns. Moxcausicmo Gesmesncnozo 30iivuenns Koedivien-
ma nocunenns podacmuozo pezyasmopa 6e3 mpamu cmiii-
Kocmi 00360J15€ 3MeHWUMU 6NJUG 30YpeHb 00 K 3A6200H0
Mmanoi eequuunu. Lum 3abesneuyemocs eucoxa mounicmo
cmedicents emaionHot mpackmopii i weuoxo00is 0 wupo-
K020 Kaacy 30ypens

Knrouoei cnosa: cucmema ynpasninns, ineapianmna
cucmema, nesusnauenicmo, Qpynxuis Jdanynosa, poéacm-

HUil peeynsamop, o0ypenns

= yu

IIpeonazaemcsa nodxo0 k¥ nocmpoenuto uneapuawm-
HbIX OMHOCUMENLHO GHEWHUM GOIMYUEHUAM CUCTMEM
ynpagsaenus. B omauuue om xaaccuueckoii cxemvl 30eco
He mpebyemcs usmepamv eo3myuienus. Bozmoxcnocmo
Gecnpedenviozo yeenuuwenus xKodpuuyuenma ycunenus
pobacmnozo peeyasmopa 6Ge3 nomepu yYcmouuusocmu
no3eonsem YyMeHvWums GaAuUAHUE B03MYUEHUN 00 CKOTb
Y200H0 MANOU GeUMUHBL. IMUM 00ecnenueaemcs 6vLco-
Kas MOUHOCMb CHeHCEHUS IMALOHHOU MPAeKMOpuUU u
Ovicmpooeticmeue 01 WUPOK020 KAACCA 603MYUeHUTL

Kmoueevte cnosa: cucmema ynpagienus, uneapuanm-
Has cucmema, neonpedenennocmo, Qynxuus Janynosa,
pobacmublii pezyasmop, 603myuienue
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1. Beenenue YAOBJIETBOPSIETCS JIUIIb HecTporue (ocaabaeHHbIe) yCI0-

BUSI HHBAPUAHTHOCTH, 3a CUET 0OPATHOIl CBA3U HATAJIKU-

Onnum n3 3(hHeKTUBHBIX U MTPOCTBIX METOJ[OB TTOBHI-
MIEHUsT TOYHOCTH CUCTEM aBTOMATHUYECKOTO PETyJIUpOBa-
HUS SIBJSIETCS TIPUHITAN WHBAPUAHTHOCTH WJIN TIPUHITUII
yipaBJjienust 1o Boamyinenuto [1-5]. TIpu aTom ocHOBHOI
3ajaveil saBJsieTcs obecredeHre WHBAPHAHTHOCTH OTHO-
CUTEJBHO K BHEIIHUM BO3MYIIEHUSM, AEHCTBYIOIMMNX Ha
00bEKT.

CueflyeT oTIMYATh acTaTHYeCKHE CHCTEMBl OT MHBa-
PHAHTHBIX. B acraTuyeckux cucreMax BO3MYIIeHWe He
M3MEPSIETCST ¥ MOJHAs KOMIIEHCAIMS CTaTHIeCKON omnb-
K1 A 3a c4éT 0OpaTHON CBA3M JOCTUTACTCA B Tpe/ee:
As=lime(t) pu t —> oo,

B mHBapnaHTHBIX CHCTEMaX KOMIIEHCAIINS BO3MYIIle-
HUS MPOUCXOAUT TOUYTH MTHOBeHHO. OIHAKO TTOCTPOEHe
XOTS IPUGINIKEHHO UHBAPUAHTHON CHCTEMBI, B KOTOPOIi

BaeTCs Ha PUHIMITHATIbHBIE TPYAHOCTH. B KIaccuyecknx
3ajauax ara pobiemMa pelleHa IyTeM U3MePeHUst BO3MY-
IEHW ST U BO3JEHCTBHUS HA TOT JKe OOBEKT YepPes uUneepcvlil
pezyasmop (KOMIIEHCATOP), HAXO/ISIIUICS BO BTOPOM Ka-
HaJie BHE 0OPaTHON CBA3H.

Kak 1 Bo MHOrUX 06JacTsIX, KOMOMHUPOBAHHBI MOI-
XOJl HECKOJIBKO YJIyUIlaeT MOJIOKEHUE: 33 4T 06paTHoil
CBSI3W KOMIIEHCHPYETCS HEKOHTPOJIMPYEMbIe BO3MYIIe-
HUsl, & MOJIaBJIEHIE JOMUHUPYIOMINX U3MEPSIEMbIX BO3MY-
IIeHU T Bo3JaraeTcs Ha KoMmiencarop [3].

Ha npakTuke «u3MepeHue» B 3aBUCHMOCTH OT (hu3u-
YeCKOIl TPUPO/IBI BO3MYIIEHHST MOKET OKA3aThCst TpodIie-
MaTHYHBIM U3-32 CJIEAYIONUX MPUYIH: OTCYTCTBIE METO-
JIUKN U3MEPEHUs; CJI0KHOCTh U craboe ObICTpomeiicTBIE
U3MEPUTENbHON CHCTEMBI, a TakKe eé rabapuThl U Bec;




