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To participate the TPP with cross-section communications in the general primary frequency control, it is necessary
to have a working main regulator. The main regulator is designed to maintain the steam pressure in the major steam
line of the TPP at a given level, which is a difficult task. At the TPP with cross-connections, the steam produced by the
boilers enters the major steam line. To maintain the pressure in the major steam line, it is necessary to control the heat
load of the working boilers. Traditional solutions to construct the main regulator found no use, as have a number of
disadvantages, not allowing exploiting a system of automatic control. Looking at the steam pressure control system in
the major steam line from the bottom to up, it is possible to identify disadvantages that prevent the effective operation of
the main regulator at each level. At the lower level of the main regulator, there are controllers of heat load of boilers,
built according to the scheme task-heat. Heat load controllers are designed to maintain heat release in the boiler fur-
nace at the required level. The heat signal is the sum of the signals for the steam flow of the boiler and the rate of
change in the steam pressure in the boiler drum. Such a structure does not allow maintaining the invariance of the heat
signal under external disturbances effectively, as sharp changes of the steam pressure in the major steam line lead to a
"false" operation of the controllers. At the upper level there is the main regulator itself, which maintains the steam
pressure in the major steam line at a given level and corrects the tasks to the controllers of the heat load of the boilers.
The simultaneous identical effect on the heat load of the boilers cannot be optimal from the point of view of the criteria
for assessing the quality of regulation, since the dynamic properties of the boilers, such as the gain, the transition time
constant and the transport delay are individual for each boiler.

However, in 2006-2008, the attempt to build an updated main regulator that takes into account the shortcomings of
the traditional scheme was made. The basis of the structure of the main regulator is still parametric and, as a result of
ten-years’ experience, shortcomings in the operation of the updated main regulator were identified. The shortcomings,
in most cases, consist in need of frequent corrections of adjusting coefficients of system because of the change of dy-
namic properties of an object during the operation. In fact, the same problems related to the parametric structure of the
regulator remain.

Up-to-date information technologies made it possible to introduce adaptive process control systems that allow to
count an extended number of signals entering the system and to form control actions, based on both current and his-
torical data of the technological process. The use of the latest information technologies and modern hardware in the
control of complex multi-connected units that solve not only the problems of process control, but also the problem of
improving the economic and environmental performance of enterprises, should become a new step in the development
of automatic control systems.

Keywords: TPP with cross-section connections, main regulator, heat load controller, pressure regulation in the ma-
jor steam line.
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Hnghopmamuxa, eeruuciumenvhas mexHuxka u ynpagienue

K 3ATAYE YIIPABJIEHU A I'PYIIIION OBBEKTOB
HA OCHOBE HH®OPMAIIMOHHBIX TEXHOJIOT U

. A. Kanuun

00O «Peruon ABTOoMaTHKa»
Poccuiickas @enepanust, 660031, r. Kpacnospck, yiu. 'nunku, 16
E-mail: Denis@Zhalnin.com

Jns yuacmus mennosvix anexmpocmanyuit (TOC) ¢ nonepeunvimu cesasamu 6 o0wem nepsutHom pezyiupoanuu
yacmomul He0OX00UMO HAIUYUe pabomaioujeco 21asHo2o peyaismopa. I nasuviii peeyismop npeouasHaven O noo-
Oepoicanus dasnenus napa ¢ obwem naponposode TOC Ha 3a0anHoM yposHe, Umo s611emcs ClodxcHol 3adavel. Ha
TOC ¢ nonepeunviMu C8A3AMU NPOUIEOOUMbIL KOMAAMU NAp NOcCmynaem 6 obwuil naponpoeod. s nodoepiicarus
Oaenenus 8 obujem naponposooe HeoOXOOUMO KOMIIEKCHOE YAPAGILEHUEe MENL080U HAZPY3KOU pabomaiouux KOmios.
Tpaduyuonnvle pewienust NOCMPOEHUsL 2IABHO20 Pe2YIsMOpPd He HAULIU NPUMEHEHUs, MaK KAaK UMeiom psi0 HedoCmam-
K08, He NO3BONAIOWUX IKCHILYAMUPOBAMs MAKYIO CUCMEMY AGMOMAMuUYecko2o peeyauposanus. Eciu paccmampusamo
cucmemy pe2yiuposanus 0aeleHuss napa 6 oowem naponpogode CHU3Y 68ePX, MONCHO HA KANCOOM YPOBHE BbIsGUNID
Hedocmamku, mewaiowue dppexmuenoi pabome 2nasnozo pezyasmopa. Ha nudichem ypoeHe 21asHo2o pe2yisimopa
PACRONIOdCEHbL Pecyasimopbl MENI080U HASPY3KU KOMI08, NOCMPOEHHble N0 cXxeMme 3adanue — menioma. Pezynsamopul
MENnN080U HAZPY3KU NPEOHAZHAYEHbL 0I5l NOOOEPAHCAHUSL MEN0BbI0CNeHUs 8 MONKe Komaa Ha mpedyemom yposue. Cue-
Hall no meniome npedcmagisem co6oll CyMMy CUSHANO8 HO PAcX00y Napa 3a KOMIOM U CKOPOCHU USMEHEHUsT OdG1eHUs
napa 6 bapabane xomna. Taxkas cmpykmypa we no3eonsiem 3@ ekmusHo noooepi’HcUusamy UHEAPUAHMHOCMb CUSHALA
no mennome npu GHEUIHUX B03MYWEHUAX, MAKUX KAK pe3Koe usmenenue 0asieHuss napa 8 obwem naponpogooe, 4mo
npUOOUM K «JI0JCHOLY pabome pe2yisimopos. Ha eepxnem yposne pacnonoscen HenocpedcmeeHHo cam 2iasHblil pe2y-
JAMOP, NOO0ePIUCUBAIOWULL DasieHle napa 6 0owem naponpo8ooe Ha 3a0AHHOM YPOSHe U KOPPEeKMUupyiowutl 3a0ansl
pezyisamopam meniosou Hazpy3ku komiaos. OOHospeMenHoe 00UHAKOB0E B030€UCmEUe HA MENL0BYI0 HAZPY3KY KOMIIO08
He Modicem Oblmb ONMUMATIbHBIM C MOYKU 3DeHUsT KPUMEPUE8 OYEHKU Kauecmea pe2yiuposanusl, maxk Kax OuHamuye-
CKUe C80lCmBa KOMI0s, makue Kax Kodhduyuenm ycuienus, noCmosiHHas, 8peMeHU Nepexo0H020 npoyecca u mpamc-
nopmHoe 3anazovleanue UHOUBUOYAIbHbIE OISl KAAHCO020 KOMIA.

Oonaxo 6 2006-2008 22. 6vira ocywecmeneHa RONLIMKA NOCMPOEHUSL OOHOBIEHHO20 2TAGHO20 Pe2yaamopa, Yuumaol-
sarowezo nedocmamxu mpaouyuonHol cxemvl. OCHOBA CIMPYKMYPbL 2NAGHO20 PE2YISMOpa NO-NPENCHEMY OCMANAChH
napamempuiecKkoll, u 8 pe3yibmame OecAMuIemHez0 Onblma SKCHIyamayuu Obliu blieienbl Hedodembvl 6 pabome
006HOGIEHHO20 2na6H020 pezynamopa. Hedouemvl 6 ocnosnom cocmosm 6 HeoOX00UMOCmU 4ACmOll KOPPEeKMUposKu
HACMPOEYHbIX KOIDPuyuenmos cucmemvl u3-3a UsMEHeHUss OUHAMUYECKUX CGOUCME 00BbEKMA 8 npoyecce IKCRLYyama-
yuu. Ilo cymu, ocmanucs me dice camvie npoobiembl, C6A3AHHbIE C NAPAMEMPULECKOU CIPYKMYPOT pe2yIsimopa.

C nossnenuem HOGEUWUX UHDOPMAYUOHHBIX MEXHOLO2UL NOABIAEMCA B03MONCHOCHb BHEOPEHUs. AOANMUBHBIX
cucmem ynpasieHusi MexHOI02UHeCKUMU NPOYECCAMU, NO36OISLIOUUMY 06pabamvleams pacuupenioe KOIuYecmeo no-
CMynanwux 6 cucmemy CUSHAI08 U POpMUposams Ynpasiaowue 6030elicmsus, 0CHOBbIBAACL KAK HA MeKYWUX, max
U HA UCTNOPUYECKUX OAHHLIX MEXHONI02U4ecKo2o npoyecca. Mcnonvzosanue HOGeMUX UHPOPMAYUOHHBIX MEXHON02UT
U COBPEMEHHBIX ANNAPAMHbIX CPEOCME NPU YAPAGIEHUU CIONCHBIMU MHOLOCEAZHBIMU 0OBEKMaMU, PEUaiomux He MOIbKO
3a0auu ynpasienus: MexHOI0SUYeCKUMU NPOYECcamu, HO U 3a0ayu NOBbIUEHUS IKOHOMUYECKUX U IKOL02UHECKUX NOKA-
3amenel nPeOnpusMuil, OOANHCHO CIMAMb HOBbIM GUMKOM 8 PA3GUMUL CUCHIEM ABMOMAMUYECKO20 YNPAGLEHUSL.

Knouesuvie crosa: TOC ¢ nonepeunvimu ceéa3amu, 21A6HbII Pe2ysmop, pe2yisamop meniogoil HazpysKu, peyiupo-
6aHue 0asieHus 8 00uleM naponpogooe.

Introduction. One of the conditions of participation connection communications, as a rule, a control scheme is
of thermal power plants (TPP) with cross-section com- used, when one of the boilers, working in the “regulating”
munications in the general primary regulation of fre- mode, maintains the pressure in the main steam line,
quency (GPRF) is functioning as the main regulator of and the remaining boilers, working in the “basic” mode,
steam pressure in the major steam line to control the load  support their specified steam loads.
of the group of boilers participating in GPRF [1]. Tradi- With this control scheme, the automatic change in the
tional automatic control systems (ACS) of the heat load total steam load of the station is limited to the range of
of boilers used at TPP with cross-connection communica-  possible steam loads of the boiler operating in the “regu-
tions are not able to provide the required dynamics lating” mode, which is usually 70-100 % of the nominal
of primary power output at a sudden change in frequency, capacity of the boiler.
which can be one of the reasons for emergency fan shut- Such a range of regulation can not provide a change in
downs in power systems. the electrical power of the station in 10 % of the nominal

Traditional approach. To maintain the steam pres- frequency deviation, which is necessary for the participa-
sure in the main steam line at the TPP with cross- tion of the station in GPRF.
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In order to increase the range of regulation in the
“regulating” mode, we can include two boilers and more,
but then there is an effect of “pumping” loads of boilers.
It is caused by different dynamic properties of boiler
equipment and the lack of centralized pressure measure-
ment in the major steam pipe, as well as different values
for different boilers job. As a result, some boilers
are loaded to the maximum, while others are unloaded
to a minimum. This approach makes the process of regu-
lation impossible.

Generally accepted structure of the main regulator
(MR), which maintains the pressure in the major steam
line at a given value [2], in which one correcting regulator
influence the task of the heat load controllers (HLC)
of several boilers, has not been used at TPP with cross-
connection communications for the following practical
reasons:

— the pressure extraction point in the major steam line
is the one and does not allow to regulate the pressure at
different sets of working boilers and turbines effectively,
as well as at the withdrawal of sections of the major steam
line for repair;

— when changing the set of working boilers requires
reconfiguration of the main regulator;

— the values of the setting coefficients of the main
regulator for all boilers can not be the same, since the
dynamic properties of the cascade regulator “MR-HLC”
are different for each boiler.

Attempts to solve. From 2006 to 2008 at Krasnoyarsk
TPP-2 of JSC “Yenisei TGC (TGC-13)” the main regula-
tor that resolves a number of shortcomings of the conven-
tional pressure control structure of the main steam line at

TPP with cross-connection communication was imple-
mented [3]. A significant difference between the updated
structure of the main regulator is that instead of one cor-
rective regulator acting on a group of boilers, several cor-
rective regulators are used, separately acting on each
boiler.

The technological scheme of the major steam line of
Krasnoyarsk TPP-2 is shown in fig. 1. It can be seen from
the scheme that the boilers can operate both on the main
steam line and separately (block). At block inclusion of
boiler units or shutdown of any part of the main steam
line, it is necessary to maintain constant pressure in in
each its separate part.

Before the implementation of the updated main regu-
lator, boilers heat load regulating systems were used un-
der the scheme of task-heat (fig. 2). The “heat” signal
is formed from two signals: steam flow rate and pressure
change rate in the boiler drum. The main disadvantage
of such a structure of the regulator is that when the pres-
sure in the main steam line (external disturbances)
changes, the pressure in the boiler drum changes with a
significant delay caused by the capacitive properties of
the steam path “drum — steam super heater — steam cham-
ber — main steam line”. This effect makes it impossible to
achieve invariance of the signal by “heat” to external dis-
turbances.

Fig. 3 shows the steam flow rate of the boiler, the
steam pressure in the boiler drum, the reduced rate of
change in the steam pressure in the boiler drum and the
change in the reduced signal by “heat” with the pressure
increase in the major steam line by 0.3 MPa (external
perturbation).
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Fig. 1. Major steam line layout of the Krasnoyarsk TPP-2:
BU — boiler unit; TU — turbo unit

Puc. 1. Cxema obmero maponposoza Kpacrosipekoit TOII-2:
KA — xornoarperat; TA — Typ6oarperat



HHgbopMamuKa, BblHUCIUMENbHAS MEeXHUKA U ynpaejlenue

@’ sp

DIF

SCS

Fig. 2. Structural scheme of the heat load controller:

F; — steam flow sensor behind the boiler; Py, — boiler drum steam
pressure sensor; SP — setpoint; DIF — differentiator; ) — adder;
PI — regulator with proportional-integral law of regulation;
SCS — stepless control station

Puc. 2. CrpykrypHas cxema perynsaropa TeIIOBOH Harpy3KH:
F, — naTumk pacxona napa 3a KoTiaoMm; Peps — JaT4nK AaBieHUs
napa B 6apabane koTia; 3Y — 3agaromee ycTpoictso; JUD —
nudpepennupyroee 3BeHo; y, — cymmarop; [1U — perynstop
C MPOMOPLHOHATIEHO-HHTErPATIBbHBIM 3aKOHOM PEryJIHPOBaHHS;

CBP — craHIus OeccTyleH4YaToro peryinpoBaHus
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Fig. 3. Graphs of transient processes with increasing pressure in the major steam line by 0.3 MPa (external disturbance):
1 — change of steam flow behind the boiler, t/h; 2 — pressure in the drum of the boiler, MPa; 3 — the reduced rate of pressure change
in the boiler drum, t/h; 4 — change of the reduced signal by “heat” (the sum of the values of graphs 1 and 3), t/h

Puc. 3. I'paduku nepexoHbIX IPOLIECCOB MPU YBEIUICHUHU JaBiieHus B oOiiem naponposoze Ha 0,3 MIla (BHelHee Bo3MyLICHHE):

1 — u3MeHeHue pacxo/a napa 3a KOTiIoM, T/4; 2 — naBieHue B 6apabane kotia, MIla; 3 — npuBeieHHast CKOPOCTh U3MEHEHHSI TaBJICHHS
B OapabaHe KOTNa, T/4; 4 — I3MEHEHHE MPUBEJCHHOI0 CUTHAJIA MO «TEIIoTe» (cyMMa 3HadeHuid rpadukos 1 u 3), T/4
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It can be seen from the graphs that the delay in the
steam pressure signal in the boiler drum does not allow to
adjust the differentiating link to compensate the “failure”
in the steam flow rate caused by a change in the pressure
in the main steam pipe. As a result, the heat load control-
ler to restore the heat deviation (shaded area on the graph)
will increase the fuel supply to of the boiler furnace,
although in fact no thermal changes occurred in the boiler.
At the same time, to reduce the pressure in the major
steam line, it is necessary to reduce the fuel supply of the
boiler. This effect of incorrect work of boilers’ heat load
controllers significantly complicates the process of regu-
lation of the pressure in the main steam line.

To eliminate the described lack of operation of the
heat load controllers in the updated main regulator, the
structural schemes of the regulators have been changed.
The signal of the rate of change of the steam pressure in
the steam chamber was used instead of the signal of the
rate of change of the steam pressure in the boiler drum.
This allows reducing the delay of the change of the steam
pressure at external disturbances.

Diagrams of transient processes of the steam flow rate
of the boiler, the rate of change of the steam pressure
in the steam chamber and the “heat” signal are shown
in fig. 4. The graphs show that when the “failure” of the
steam flow of the boiler at 13 t/h, the signal “heat” devi-
ates from the original value by 3 t/h. This significantly
reduces the effect of “false” operation of the heat load
regulator at external disturbances or even eliminate.

AF, dP./dt, Q, t/h

The structure of the updated main regulator allows:

— automatically select the necessary pressure sensors
in the major steam line, depending on the mode of opera-
tion of the TPP;

—calculate (from the readings of the necessary sen-
sors) the average pressure in the major steam line, which
is an adjustable parameter for a group of boilers working
on a specific section of the major steam line;

— synchronously form the task for corrective regula-
tors working on a specific section of the major steam line;

—to configure a cascade of regulators of MR-HLC
separately for each boiler;

— automatically change the coefficients of the correc-
tive regulators, depending on the number of boilers in-
volved in the regulation of pressure in the major steam
line;

—randomly select boilers involved in the regulation
of pressure in the major steam line;

— enter/output boilers in the mode of pressure regula-
tion in the major steam line shock-free.

The updated main regulator was tested by a discharge
and a set of electric power of 50 MWt, which is more than
10 % of the installed electric power of the station. Dia-
grams of transients at this set of electric power of the sta-
tion are shown in fig. 5, 6. To restore the pressure, the
total steam load of the boilers was increased by 225 t/h.
Such a change in the total steam load of boilers in auto-
matic mode with the previous pressure control schemes in
the major steam line was impossible.
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Fig. 4. Graphs of transient processes with the increasing pressure in the major steam line
by 0.15 MPa (external disturbance):
1 — change of steam flow of the boiler, t/h; 2 — the reduced rate of change of steam pressure in the steam chamber of
the boiler, t/h; 3 — change of the reduced signal by “heat” (the sum of the values of graphs 1 and 2), t/h

Puc. 4. I'padmxu mepexoJHEIX IPOLECCOB NPH YBEIMICHHHN JaBICHUS B 00IIEM MapoIpoBOIe
Ha 0,15 MIla (BHelIHEE BO3MYILICHHE):
1 — M3MeHeHre pacxo/a rapa 3a KOTJIOM, T/4; 2 — IPUBEICHHAS CKOPOCTh M3MEHCHUS JIABJICHI [Tapa B apocOOpHOiT kamepe
KOTJIA, T/4; 3 — N3MEHCHHE PHBECHHOTO CUTHAJIA TI0 «TEIUIOTe» (CyMMa 3HadeHuil rpaduxos 1 u 2), /4
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Fig. 5. Graphs of transient processes with increasing electric power output of the Krasnoyarsk TPP-2 by 50 MWt:
1,2, 4,5 — steam flow, respectively, of boiler No. 1, 2, 4, 5, t/h; 3 — the set point of the main regulator, bar;
6 — average pressure in the main steam line Py, bar

Puc. 5. I'paduku nepexoaHBIX IpOLIECCOB pH Habope anekTpruieckoi Momuocti Kpacnospcekoit TOLI-2 na SOMBT:
1,2,4,5 — pacxox napa cootBeTcTBeHHO Kotina Ne 1, 2, 4, 5, 1/4; 3 — 3anaHue rIaBHOMY peryJsTopy, KFC/CMZ;
6 — cpeniHee JIaBJIeHHE B IIIaBHOM MaporipoBoje Py, kre/cm
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Fig. 6. The graph of the change in the primary power of a TPP when simulating a stepwise decrease in frequency:

1 — station power; 2 — dynamics of primary power output of TPP, according to the technical requirements
for generating equipment of the wholesale market participants [1]

Puc. 6. I'paduk nzmenenus nepeuunoi MoHocTr TOC npy MMHUTALUK CKAYKOOOPA3HOTO CHIDKCHHSI 4aCTOTHI:
1 — MOIIIHOCTb CTaHIIWH; 2 — TMHAMUKA BbLIA4M MEPBUYHON MOITHOCTH TOC, COrIaCHO TEXHUYECKUM TPEeOOBaHUIM
K TeHEepHUPYIOIIeMy 000pyJOBaHHIO YYaCTHUKOB ONTOBOIO phIHKA [1]
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In the process of operation of the updated main regula-
tor, the following shortcomings in its work were revealed:

— the dynamics of change of pressure in the major
steam line and steam flow outside the boiler, when pres-
sure changes in the major steam line, significantly change
when transitioning from winter modes of work to the
summer, or when partitioning a major steam line. In these
cases, it is necessary to adjust the settings of the regula-
tors, conducting tests with a change in the electrical load
of the station and the schedules of electrical power gen-
eration;

— the use of the steam pressure signal in the steam
chamber of the boiler instead of the steam pressure signal
in the boiler drum reduces the influence of external dis-
turbances on the heat load regulator, but also slows down
the regulator with internal disturbances and, if necessary,
rapid changes in the boiler load;

— since the time constants of the transients on the
steam flow rate of the boiler and on the steam pressure in
the major steam line are comparable values, the cascades
of Pl-regulators of MR-HLC have oscillatory properties,
which slows down the process of regulating the steam
pressure in the major steam line.

Possible solution. Parametric control systems at ob-
jects that change their dynamic properties during opera-
tion require constant reconfiguration, which significantly
complicates their operation.

The procedure of setting up control systems includes
several stages:

— annulation of the executive authorities’ characteris-
tics;

— annulation of transient characteristics of the object;

— preliminary determination of the setting coefficients
of the ACS;

— experimental setup of ACS at the object;

— testing of ACS.

Characteristics of the executive authorities, as a rule,
are annulled once at starting the operation, or after capital
repairs. Changes in the characteristics of the executive
authorities in the overhaul interval can occur because of
wear and tear of the equipment or its failure, which can
significantly affect the quality of the parametric control
system.

The transient response of the object allows determin-
ing its dynamic properties for the calculation of the set-
ting coefficients of the ACS.

The transient response is removed when applying a
single disturbing influence. The main parameters for de-
termining the setting coefficients of the ACS are the dy-
namic characteristics of the object, such as the gain, the
transition time constant and the delay time.

Methods for determining the setting coefficients of the
ACS can be divided into accurate and approximate,
search and non-search, working in real time or not. A list
of some methods for determining the setting coefficients
of the ACS is below: E. G. Dudnikov's method [4],
V. Ya. Rotach's method [5], V. R. Sabanin and N. I. Smir-
nov’s method [6], method of determining settings by no-
mograms [7], scaling method [8], Ziegler-Nichols method
[9], adaptive method for oscillation by Rotach V. Y. [10],
adaptive method wusing the transient characteristic
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of V. Ya. Rotach system [11], method based on the tech-
nology of reconfiguration of closed systems [12],
VTI method [13], direct adaptive control method [14].

Preliminary determination of the setting factors re-
quires further tests of the ACS at the object with their
possible adjustments. This stage causes difficulties in the
organization of the experiments, since it is not clear how
optimal the values of the setting coefficients of the ACS
were in their preliminary determination and how many
experiments are necessary for the final configuration of
the system. This stage can be optimized using model stud-
ies of the system, but this requires an accurate model
of the object, reflecting its real technological limitations
and the state of the executive authorities.

It is a very complicated task to construct the tradi-
tional control systems based on the PI-regulators, using an
extended number of parameters that affect the change in
steam pressure in the major steam line.

To avoid these disadvantages of traditional automatic
control systems, the improved steam pressure control sys-
tem in the major steam line can be applied. It is based on
the use of adaptive non-parametric control algorithms,
which use the statistical data obtained from the object
during its operation while forming controlled actions
[15-17]. Modern computer technology allows not only
to accumulate and store large amounts of information
received from the object, but also to calculate the control
actions in real time.

An example of a block diagram of an improved main
regulator is shown in fig. 7. All the necessary controlled
parameters related to the effective pressure maintenance
in the major steam line are supplied as input to the intelli-
gent control device (CD). The control device, using adap-
tive control algorithms, forms control actions on regula-
tors of thermal loading of boilers.

The structure of the improved main regulator can
additionally solve the following tasks:

—to identify the type of disturbance in the boiler
equipment (internal or external) and make the decision to
change the current load of the boiler (the correction of the
false work of the heat load controllers under external dis-
turbance);

—to form control actions before the pressure change in
the major steam pipeline counting the input/output steam
balance along the major steam line;

—to distribute the load on the boilers in the most opti-
mal way (in terms of efficiency);

—to track the changes in the dynamic properties of the
object and adjust the value of control actions.

Conclusion. Despite the fact that automatic control
systems at modern industrial enterprises are based on mi-
croprocessor controllers, their algorithmic solutions are
still rigid parametric structures that are not able to work
effectively when changing the dynamic characteristics of
the object. The use of the latest information technologies
and modern hardware in the management of complex
multi-connected objects that solve not only the problems
of process control, but also the problem of improving the
economic and environmental performance of enterprises,
should become a new biey3 in the development of auto-
matic control systems.



HHgIJopmamuKa, BblHUCIUMENbHAS MEeXHUKA U ynpaejlenue
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Fig. 7. Block diagram of the improved main regulator:
BU1, BU2, BU3, BU4, BU5, BU6 — boiler units; HLR1, HLR2, HLR3, HLR4, HLR5, HLR6 — boiler heat load regulators;

CD — intelligent control device; N1, N2, N3, N4, N5, N6 — coal
outlet; Pp, P2, Pps, Pps, Pps, Ppe — boiler drum pressure; Frui,

feeder speed; Fgi, Fg2, Fr3, Fpa, Fis, Fre — steam flow at the boiler
Fru2, Frus, Frus — steam flow for turbine units; Frcy— total steam

flow for reduction cooling units and other controlled steam outlets; P — main steam line pressure; CV1, CV2, CV3, CV4, CVS5,
CV6 — control values to boiler’s HLR from the CD

Puc. 7. CrpykrypHas cxema yJIydlIeHHOT'O TJIaBHOT'O PEryjsiTopa:
KA1, KA2, KA3, KA4, KAS, KA6 — kotnoarperats;; PTH1, PTH2, PTH3, PTH4, PTHS, PTH6 — peryastops! TEIUI0BOH Harpys3Ku
KOTJIOB; Y'Y — HHTEIUIEKTyanbHOe yrpasisitomiee yctporctBo; N1, N2, N3, N4, N5, N6 — obopoTts! nutareneit yrist; Fii, Fxo, Fis,
FK4, FKS, FK6 — pacxoa napa Ha BbIXOA€ U3 KOTJIA, P};l, P];z, P];}, P];4, P];s, P];5 — JABJICHUEC B 6apa6a1—1e KOTIa, FTAI, FTA2, FTA3,

Fras — pacxon mapa Ha Typ6oarperatsl; Froy spoy — cymMMa

pHLIﬁ pacxon 1mapa Ha peAyYKIIMOHHbIC YCTAHOBKU U IIPpOYHEC

KOHTpONUpyeMble oT0opsl; P — naBnenue B obmeM naponposoze; YB1, VB2, VB3, VB4, VBS, YB6 — ynpasmnstomue
Bosaeiicteus Ha PTH xotiios ot YV

References

1. Technical requirements for the generated equip-
ment of the wholesale market participants of March 06,
2019. Moscow, 193 p.

2. Kljuev A. S., Lebedev A. T., Novikov S. I. Naladka
sistem avtomaticheskogo regulirovaniya barabannykh
parovykh kotlov [Adjustment of automatic control sys-
tems of drum steam boilers]. Moscow, Eenergoatomizdat
Publ., 1985, 280 p.

3. Zhalnin D. A., Shorohov V. A., Evdokimov A. N.,
Bubnovskij O. A., Churinov A. V. [Experience in the
implementation of a pressure control system in the main
steam line at the Krasnoyarsk TPP-2]. Elektricheskie
stantsii. 2009, No. 11, P. 18-25 (In Russ.).

4. Pikina G. A., Meshherjakova Ju. S. [Searchless
method of calculating the settings of the PID controllers
on the minimum of a quadratic criterion]. Teploener-
getika. 2012, No. 10, P. 58-64 (In Russ.).

5. Rotach V. Ja. Teoriya avtomaticheskogo uprav-
leniya [Automatic control theory]. Moscow, Moscow
Power Engineering Institute Publ., 2008, 396 p.

6. Sabanin V. R., Smirnov N. 1., Repin A. I. [Modi-
fied genetic algorithm for optimization and control].
Exponenta Pro. Matematika v prilozheniyakh. 2004,
No. 34, P. 78-85 (In Russ.).

7. Rotach V. Ja., Vishnjakova Ju. N. [Calculation of
regulatory systems with two auxiliary control values].
Teploenergetika. 2006, No. 2, P. 40—47 (In Russ.).

8. Bazhanov V. L. [The scaling method is an effective
tool for practical adjustment of regulators in closed ACS].
Pribory i sistemy. Upravlenie, kontrol', diagnostika. 2006,
No. 6, P. 1-8 (In Russ.).

9. Ziegler J. G., Nichols N. B. Optimum settings
for automatic controllers. Transactions of the ASME.
1942, Vol. 64, P. 759-768.

10. Rotach V. Ja., Kuzishhin V. F., Kljuev A. S. Av-
tomatizatsiya nastroyki sistem upravleniya [Automation
of control system settings]. Moscow, Jenergoatomizdat
Publ., 1984, 294 p.

11. Rotach V. Ja. [Adaptation in process control sys-
tems]. Promyshlennye ASU i kontrollery. 2005, No. 1,
P. 4-10 (In Russ.).

12. Shtejnberg Sh. E., Serjozhin L. P., Zaluckij I. E.,
Varlamov 1. G. [Problems of creating and operating effec-
tive regulatory systems]. Promyshlennye ASU i kon-
trollery. 2004, No. 7, P. 1-7 (In Russ.).

13. Novikov S. . Optimizatsiya avtomaticheski sistem
regulirovaniya  teploenergeticheskogo  oborudovaniya
[Optimization of automatic control systems for power
equipment]. Novosibirsk, Novosibirsk State Technical
University Publ., 2006, 108 p.

14. Karl J. Astrom and Bjron Wittenmark. Adaptive
Control, second edition. Addison-Wesley Publishing
Company, 1995.

15. Sung S. W., Lee J. Modeling and control
of Wiener-type processes. Chemical Engineering Science.
2004, No. 59, P. 1515-1521.

151



Cubupcrkuii scypnan nayku u mexnonozuu. Tom 20, Ne 2

16. Dorf R. C., Bishop R. H. Sovremennye sistemy
upravleniya [Modern Control Systems]. Moscow, Labora-
toriya bazovykh znaniy Publ., 2002, 832 p.

17. Keesman K. J. System identification. An introduc-
tion. London, Springer, 2011, 351 p.

Bbub6auorpaguyeckue cCblIKM

1. Texuudeckue TpeOOBaHUS K TCHEPUPYIOLIEMY 000-
PYAOBaHUIO YYaCTHHKOB ONTOBOTrO pbiHKa oT 06 mapTta
2019. Mocksa. 193 c.

2. Kmoes A. C., Jlebenes A. T., Hosuxos C. U.
Hamagka crncteM aBTOMAaTHYECKOTO pPETyIMpOBaHUS Oa-
pabaHHBIX TAPOBBIX KOTIOB. M. : DHeproaToMm3Jar,
1985. 280 c.

3. OmbIT BHEAPEHHSI CHCTEMBI PEr'yJUpPOBaHUS AaBie-
HUS B IVIaBHOM mapoBoi maructpanu Ha KpacHosipckoit
TOL-2 / . A. XKanuun, B. A. Illopoxos, A. H. EBioku-
MOB [u np.] // Dnekrpuueckue cranmuu. 2009. Ne 11.
C. 18-25.

4. Mukuna I'. A., Mewepsikosa 0. C. beciouckoBsiii
Meroj pacuera Hactpoek I[IWJ[-perynsitopoB Ha MUHHU-
MyM KBaJlpaTUYHOTO Kputepus // TemmosHepreTuka.
2012. Ne 10. C. 58-64.

5. Porau B. . Teopusi aBTOMaTW4ecKOro yrpasJie-
aust. M. : U3a. nom MDU, 2008. 396 c.

6. Cabanun B. P., Cmupnos H. U., Perrua A. 1. Mo-
TUQPUIMPOBAHHBIA TCHETUYCCKAN aNrOpUTM Ui 3a1ad
onrtuMu3anuu U ynpasnenus // Exponenta Pro. Marema-
Tuka B npuioxkeHusx. 2004. Ne 3—4. C. 78-85.

7. Porau B. f., Bumnskosa FO. H. Pacuer cuctem pe-
TYJIMPOBaHUS C JBYMs BCIIOMOTATCILHBIMU PEryJUpye-
MbiMu BenmmauHamu // Temmosnepreruka. 2006. Ne 2.
C. 40-47.

8. baxanoB B. JI. Meron macmrabupoBanus — 3¢-
(eKTHBHBIII MHCTPYMEHT /ISl NPAKTUYECKOH HACTPOWKHU
peryiaropoB B 3aMKHYTEIX CAP // TIpuOOpbI U CUCTEMBI.
VYnpasnenue, KOHTPoIb, Auarsocruka. 2006. Ne 6. C. 1-8.

9. Ziegler J.G., Nichols N.B. Optimum settings for
automatic controllers // Transactions of the ASME. 1942,
Vol. 64, P. 759-768.

10. ABTOMaTu3arysi HACTPOWKH CHUCTEM YIpaBJICHHSA. /
B. 4. Porau, B. ®@. Ky3umun, A.C. Kimoes [u ap.]. M. :
OHeproaToMuznart, 1984. 294 c.

11. Porau B. f. AganTanms B cucteMax yIpaBJICHHS
TEXHOJIOTHYECKUMH  miporieccamu  //  [IpoMbInuIeHHBIC
ACY u xontposnepst. 2005. Ne 1. C. 4-10.

12. IIpobnembl co3ganust M dKcmuryarauu dddek-
TUBHBIX cucreM peryiaupoBanus / III. E. IllrteiinOepr,
JI. T1. Cepéxun, U. E. 3anyukwuii [u np.] // IIpomplnuien-
Hele ACY u xonTpomnepsl. 2004. Ne 7. C. 1-7.

13. HoBukoB C. WM. OnTtumuzanusi aBTOMaTHYECKH
CHCTEM pEryJIHpPOBaHHUS TEIUIOIHEPTETHIECKOTO 000py-
nosanus. HoBocubupck : MU3n-so HI'TY, 2006. 108 c.

14. Karl J. Astrom and Bjron Wittenmark. Adaptive
Control, second edition. Addison-Wesley Publishing
Company, 1995.

15. Sung S. W., Lee J. Modeling and control of
Wiener-type processes. Chemical Engineering Science.
2004. No. 59. P. 1515-1521.

16. Jopd P., bumon P. CoBpeMeHHBIC CHCTEMBI
yrpasienus / niep. ¢ auri. b. Y. Konsutosa. M. : JIabopa-
Topus 6a30BbIX 3HaHMiL, 2002. 832 c.

17. Keesman K. J. System identification. An
introduction. London : Springer, 2011. 351 p.

© Zhalnin D. A., 2019

Kanuun [lenuc AjekcaHAPOBMY — HMHXeHep, raBHblid cneuuanuct; OOO «Permon Apromarnkay. E-mail:

Denis@Zhalnin.com.
Zhalnin Denis
Denis@Zhalnin.com.

Aleksandrovich — engineer,

Chief Specialist;

LLC “Region Avtomatika”. E-mail:




