ISSN 2079-0023 (print), ISSN 2410-2857 (online)

UDK 62-5:629.036
E. N. NIKULINA, V. P. SEVERYN, N. V. KOTSIUBA

OPTIMIZATION OF DIRECT QUALITY INDEXES OF AUTOMATIC CONTROL SYSTEMS OF
STEAM GENERATOR PRODUCTIVITY

The system of automatic control of the productivity of the PGV-1000 steam generator of the power unit of the nuclear power plant with the WWER-
1000 reactor is considered. This control system includes a system for automatically controlling the water level in the steam generator. The error signal,
which is fed to the input of the productivity controller, is generated by the signal of the specified speed of the drive turbine, as well as pulses from the
thermal power sensor and from the water and vapor pressure sensors. Based on the model of the water level control system in the steam generator,
mathematical models of performance control systems have been developed under various control laws. To formulate optimization tasks for
performance management systems, vectors from variable parameters of performance controllers are formed, constraints on these parameters are
imposed, constraints are created for the areas of system stability, direct indexes of system quality are introduced, and a vector objective function is
created that takes into account all imposed restrictions and quality criteria. Computational experiments on optimizing the controllers of productivity
control systems were performed on the basis of direct quality indexes of systems by modified methods of step adaptation and Nelder — Mead. Analysis
of the results of optimization of performance control systems allows us to conclude that, in comparison with the minimization of integral quadratic
estimates, the optimization of direct quality indexes has made it possible to substantially improve the speed of the systems. The greatest value of the
control time takes place for the differential controller, and the smallest identical values — for the proportional-integral and proportional-integral-
differential regulators. Theoretically, the expediency of using a more simple proportional-integral controller in the steam generator productivity control
system is justified. Additional analysis of the state variables in the productivity control system and comparison of transients before and after
optimization allows us to conclude that the maximum deviation of the water level in the steam generator has decreased and its oscillations have
disappeared. Also, fluctuations in water flow disappeared, the maximum deviation and oscillation of the control error decreased substantially, the
overshoot and oscillations of other state variables practically disappeared. Thus, the optimization of the quality indexes of the automatic control system
of the steam generator’s productivity has made it possible to significantly improve the main processes in it.

Keywords: the steam generator of the nuclear power plant, the regulator of steam generator productivity, the automatic control system, the
mathematical model, the direct quality indexes, the vector objective function, the optimization method.

O. M. HIKYJIIHA, B. I1. CEBEPHH, H. B. KOI]IObA
ONITUMIBALIA TPAMUX ITOKA3ZHHUKIB AKOCTI CUCTEM ABTOMATHYHOI'O KEPYBAHHS
MNPOAYKTUBHICTIO TAPOI'EHEPATOPA

Po3rmsiHyTO CHCTEMy aBTOMAaTHYHOIO YIPaBIiHHSA IPOXYKTUBHICTIO maporeneparopa III'B-1000 enepro®moky aTOMHOI eIEKTPHYHOI CTaHIMIi 3
peaktopom BBEP-1000. Lls crictema ympaBiiHH BKIIOYAE CHCTEMY aBTOMATHYHOTO YIPABIiHHS piBHEM BOAM B maporeHepaTopi. CUrHam MOMUIIKH,
SIKUH HaJXOJMTh Ha BXiJ PEryJIsiTopa HPOJYKTHBHOCTI, (JOPMYEThCSI CUTHAJIOM 331aHOI YaCTOTH OOEPTaHHS IIPUBOAHOI TYPOIHH, a TAKOXK IMITYJIbCaMu
3 JaTYMKa TEIUIOBOI IIOTY)KHOCTI Ta 3 IAaTYMKIB THUCKY Boxu i mapu. Ha minmcraBi mMonenmi CHCTEMM YIpPaBIiHHS piBHEM BOAM B IIapOreHEpaTopi
PpO3po06iIeHi MaTeMaTHYHI MOJENI CHCTEM YIpPAaBIiHHS MPOAYKTHBHICTIO TMPH PI3HUX 3aKOHAX PETyTIOBAaHHSA. [ MOCTAaHOBKM 3afad OMTHMIi3amil
CHCTEM YIPABIIHHS MPOAYKTHBHICTIO CHOPMOBaHI BEKTOPH 31 3MIHHHX MapaMeTPiB PEryJITOPIB MPOAYKTHBHOCTI, HAaKIaJeHI OOMEXKEHHS Ha wi
napameTpH, c(hopMoBaHi OOMEXKEHHs Ui o0JlacTel CTIMKOCTI CHCTEM, BBEICHI MpSAMi MMOKAa3HUKH SKOCTI CHCTEM i copMOBaHA BEKTOpHA IIIJIbOBA
(dyHKIis, ska BpaxoBYy€ BCi BBeAeHI 0OMEXeHHs i kputepii sikocTi. [IpoBemeHo 0OUHCITIOBATIbHI €KCIEPHUMEHTH 3 ONTHMI3ALli PEryJsITOPIB CHCTEM
YIpaBIiHHA MPOIYKTUBHICTIO HA MiJACTaBl MPSMHX MOKA3HHUKIB SIKOCTI cHCTeM MOAM(IKOBaHMMH MeTOAaMu amantamii Kpoky i Hemmepa — Mina.
AmRaini3 pe3yapTaTiB ONTHMI3aIlii CHCTEM yNpaBIiHHS NPOIYKTHBHICTIO O3BOJISIE 3pOOMTH BHCHOBOK, IO B MOPIBHAHHI 3 MiHIMI3aIli€fo iHTETpaNbHIX
KBaJ[PaTUYHHUX OLIHOK ONTHUMI3alisl MPsIMUX IOKA3HUKIB SIKOCTI JIO3BOJIMJIA iICTOTHO MHiJBUIMTH LIBUAKOAIO cucTeM. HaiiOinbie 3HaueHHS yacy
peryinoBaHHsA Mae Micue i AU(EepeHIialbHOTO PEryIATOpa, a HAaWMEHINI OHAKOBI 3HAYEHHS — JUI HPONOPIIHHO-IHTErPaIBbHOTO 1 MPOHOPIIHHO-
iHTErpabHO-IN(EPEHITIAIBHOTO PEryIaATopiB. TeopeTHyHO OOTPYHTOBAHO OLUIBHICTh 3aCTOCYBAaHHS B CHCTEMi YNPABIiHHA HPOTYKTHBHICTO
naporeHeparopa OifblI HPOCTOTO MPOMOPIIHHO-IHTErpajibHOro perynstopa. JloJaTKoBHH aHadi3 3MIHHUX CTaHy B CHCTEMI YIpPaBJiHHA
MPONYKTUBHICTIO 1 TOPIBHAHHSA MEPEXiHMX MPOLECiB 0 1 MiCNs ONTUMIi3alii J03BOJsiE 3pOOUTH BHCHOBOK, IO 3MEHIIMJIOCS MaKCUMalbHE
BIZIXWJICHHSI PIBHS BOAU B ITAPOTEHEPATOPl Ta 3HUKIIM HOTO KONMBAHHS. Tako)k 3HHKJIM KOJMBAHHS BUTPATH BOAH, iCTOTHO 3HH3WIIHCS MaKCHMAaJbHE
BIIXWJICHHS 1 KOJMBaHHS INOMHWJIKM YIPABIIiHHS, MPAKTUYHO 3HUKIM TEPEPeryaioBaHHS 1 KOJNMBAHHA IHIIMX 3MIHHUX CTaHy. TakuM YHHOM,
ONTHMI3allisl TOKa3HUKIB SIKOCTI CHCTEMH aBTOMATHYHOTO YHPABIIHHS MPOAYKTUBHICTIO MaporeHepaTopa I03BOJMJIA ICTOTHO MOJIMIIUTH OCHOBHI
TIPOIIECH, KOTPi B Hiif IPOTIKArOT.

Ku1ro4oBi cj1oBa: maporenepaTop aTOMHOI €IeKTPOCTaHIIIi, PEryJISTOp MPOAYKTUBHOCTI MTAPOreHepaToOpa, CHCTEMa aBTOMATHYHOTO YIIPaBIIiHHS,
MaTeMaTHYHa MOJIEJIb, IPSMI OKA3HUKHU SIKOCTI, BEKTOpHA I[1JIboBa (DYHKIIisI, METO/l ONTHUMI3aLil.

E. H. HUKYJ/IUHA, B. Il. CEBEPHH, H. B. KOI[IObA
ONTUMMUBAILIUS IMTPSIMBIX TOKA3BATEJIEM KAUECTBA CUCTEM ABTOMATHYECKOI'O
YHPABJIEHUSA TPOU3BOJUTEJIBHOCTBIO TIAPOI'EHEPATOPA

PaccMmoTpeHa cucTeMa aBTOMAaTHYECKOIO YIPABJICHHS HPOM3BOIAMTENBHOCTHIO maporeHeparopa [1I'B-1000 sHepro6ioka aTOMHOH DIEKTPHYECKON
craunuu ¢ peakropom BBOP-1000. Dta cuctema ympaBieHus: BKIIOYAET CHCTEMY aBTOMATHYECKOTO YIIPABICHHUS YPOBHEM BOJIBI B ITAPOTEHEPATOPE.
Curnan omuOKH, KOTOPBIH ITOCTYNAaeT Ha BXOJ] PEryJsaTopa MPOU3BOAUTENBHOCTH, (JOPMUPYETCST CUTHAJIOM 33/IaHHOM YacTOTHI BPAILICHHs! TPUBOTHON
TYpOHHBI, a TaKKe UMITYJIbCAMH C IaTYMKa TEIUIOBON MOIIHOCTH U C JaTYMKOB JABJICHHS BOBI U mapa. Ha oCHOBaHMH MOJENN CHCTEMBI YIIPABICHUS
YPOBHEM BOJBI B MApOTEHEPATOpE pa3paboTaHbl MATEMATHYCCKHE MOJENH CHCTEM YIIPABICHHUS MPOM3BOJUTENHHOCTHIO MPH PAa3IHYHBIX 3aKOHAX
perynupoBaHus. Jis IOCTaHOBKM 3a7a4 ONTHUMH3ALMU CHCTEM YIPaBICHHS MPOHU3BOAUTEIBHOCTHIO C(HOPMUPOBAHBI BEKTOPHI M3 IEPEMEHHBIX
IapaMeTpoB PETYISTOPOB IPOM3BOJUTEIFHOCTH, HAJIOKEHBI OTPAaHUYCHHsS Ha JTH IapaMeTpbl, CHOPMHUPOBAaHBI OTpaHHYEHMS Uil oOnacteit
YCTOMYUBOCTH CHCTEM, BBEICHBI HPsIMBIC MMOKA3aTeNH KadeCcTBA CHCTEM W C(HOPMHUpPOBAHA BEKTOPHAS IieiieBas (yHKIUS, KOTOpas yIUTHIBACT BCE
BBEJICHHbIC OTPAaHUYCHHS M KPUTEPHU KadecTBa. [IpoBeleHBI BHIYHMCIIUTENEHBIE SKCIIEPHMEHTHI IO ONTHMH3AIUH PETYISITOPOB CHCTEM YIIPaBICHHS
MIPOU3BOIUTEILHOCTHIO Ha OCHOBAHHY NPSIMBIX ITOKa3aTelei kayecTBa CHCTeM MOAH(HIIMPOBAHHBIMH METOAaMU afanTtanuy mara 1 Hengepa — Muna.
AHanu3 pe3yibTaTOB ONTUMHU3AIMK CHCTEM YIPABICHHS MPOU3BOAUTEIBHOCTHIO MO3BOISIET 3aKIIOYHTh, YTO IO CPABHEHUIO C MHUHHMHU3AIHEH
HHTETPaJbHBIX KBAJPAaTHYHBIX OLEHOK ONTHMHU3ALMs MPSMBIX MOKa3aTeNel KayecTBa MO3BOJIMIIA CYIIECTBEHHO ITOBBICHTH OBICTPOJEHCTBHE CHCTEM.
HanbOonpliee 3HaueHHE BPEMEHU PETYIUPOBAHUS HMEET MecTO il UG (EpeHIIHAIBHOTO PeryyisITopa, a HAMMEHBIIHE OJUHAKOBBIC 3HAYCHUS — IS
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TPONOpUUOHAIBHO-UHTEIPATIBHOT'O u

HPONOPLMOHAIEHO-HHTET palIbHO- AU (D PepeHIIHATBHOTO

perymsatopoB.  Teopetnueckn  00OCHOBaHA

1[e71ecO00Pa3HOCTh MIPHMEHEHHS B CHCTEME YIIPaBICHHS IPOU3BOJUTEIFHOCTHIO ITIaporeHepaTopa 0ojee MpoCTOro MPpONOPLIHOHAILHO-HHTETPAIbHOTO
perynsropa. JlonoIHUTENbHbIN aHaIN3 IEPEMEHHBIX COCTOSIHUA B CUCTEME yIPaBJIEHHS IIPOU3BOAUTEIBHOCTBIO U CPaBHEHUE IIEPEXOIHBIX IPOLIECCOB
JI0 U 10C/Ie ONTHMH3allUH MO3BOJIET 3aKIIOYUTh, YTO YMEHBIIHIOCh MAaKCHMalbHOE OTKJIOHEHHE YPOBHS BOJbI B MAPOIrEHEPATOpE U UCUE3NH €ro
xonebanus. Taxoke mcyes3nu KomeGaHHS Pacxoja BOABI, CYLIIECTBEHHO CHH3WINCh MAKCHMAIbHOE OTKJIOHEHHE M KOJNeOaHWs OIIMOKU YIpaBICHUS,
HPAKTUYECKH HCYUE3NHU IepPeperyInpoBaHue U KoueOaHMs JPYTHX HEPEeMEHHBIX COCTOSHUsA. TakuM 0oOpa3oM, ONTHMH3ALUs MOKa3aTeleld KauecTBa
CHCTEMbI aBTOMAaTHUECKOT0 YIPaBJIECHUS IPOU3BOIUTEILHOCTBIO IAPOreHepaTopa MO3BONUIIA CYLIECTBEHHO YIy4YIIMTh OCHOBHBIE IIPOTEKAIONINE B HEl

IPOLIECCHL.

KuroueBble c10Ba: maporeHepaTtop aTOMHOW 3JIEKTPOCTAHIUHM, PErYJISTOpP MPOM3BOAUTEILHOCTH [IAPOreHEPaToOpa, CHCTEMa aBTOMATHYECKOIO
YHPABIICHUS, MATEMAaTHYECKasi MOJIEIIb, PSIMbIE [IOKA3aTeNN Ka4ecTBa, BEKTOPHAs IieNieBas (PyHKIMSA, METOJ] ONTHMH3ALHH.

Introduction. Water feeding department of the
steam generator (SG) of the power-generating unit of the
nuclear power plant equipped with a WWER reactor, is a
critical element of heat schedule [1-5]. Its reliable and
efficient work provides reliability and efficiency of work
of a power-generating unit [2, 3, 6]. The steam generator
control is performed by two main automatic control
systems (ACS): ACS of the water level in the SG (LACS),
and ACS of the feeding department productivity (PACS),
including LACS [6]. Synthesis of optimal control
schedules of the steam generator PGV-1000, which is
included in the composition of WWER-1000 equipped
NPP power-generating units, is a non-resolved task
relevant with modernization of running power-generating
units of the energy system of Ukraine.

The optimal PACS synthesis task for SG PGV-1000
is a task of multi-criteria optimization and includes setting
of varying variables, forming of the ACS quality
parameters and restriction of varying parameters [7-9].
The varying parameters are the parameters of the ACS
regulators, the quality criteria are the direct quality
indexes (DQI) of the ACS. The conditions of technical
workability of the systems in a form of two-sided
inequalities and the ACS stability condition are
superimposed on the varying parameters.

Publications review. In the present time, a general
methodic is developed for ACS many-criteria synthesis of
the NPP power-generating unit based on models and
techniques of the ACS quality criteria optimization [10].
For the ACS quality criteria optimization, the OPTLAB
laboratory is used, including variety of one-dimensional
and many-dimensional optimization techniques [10, 11].

The NPP power-generating unit ACS mathematic
models are represented in the form of the differential
equations systems (DESs). Those systems are stiff and for
their solution, the matrix integrating techniques are
developed [11].

The controlled value transition process quality is
estimated by the quality numerical indexes, direct and
indirect. By the DES integrating, a transition process
graph is plotted, where the DQI are determined: over-
regulation, oscillations factors, regulation time [11]. The
indirect quality ACS factors are calculated simpler than
DQI, without the DES integrating. They include integral
quadric estimates (IQEs), that are expressed by an integral
from the regulation mistake function square and gives
uniform numerical quality indicator characterizing the
over-regulation and damping rate of the transition process
in aggregate [10, 11].

During the ACS quality indexes optimization, it is
necessary to consider variety of restrictions of varying

parameters, including the technical feasibility restrictions
and the ACS stability conditions. For a consistent
accounting of all the restrictions, a step-by-step approach
is proposed for the IQE and DQI optimization tasks [10,
11]. Such approach realization is based on the
optimization of vector objective functions [11].

The mathematic models of the LACS and PACS of
the SG are developed [10]. An identifying of the NPP
power-generating unit SG PACS parameters is performed
by the experimental characteristics [12]. Multi-criteria
synthesis of the SG PACS is performed through the
minimization of the IQE [10]. The SG PACS synthesis by
the DQI isn’t described in any of the analyzed sources.

Research models and techniques. SG PACS is
designed to regulate the feeding water consumption in the
steam generator, maintain a balance between the feeding
water pressure and pressure of the steam supplied into the
turbine. The PACS basic diagram is presented at the
Fig. 1. The PACS is three-impulse: error signal fed at the
productivity regulator (PR) enter is formed by the signal
of the driving turbine rotation frequency master w, and
impulses from the heat capacity gauge Q, and from the
gauges of water pressure P, and steam pressure P,. The
productivity regulator signal influences the actuating
device (PAD) changing the variable m, of the steam
feeding regulating valve (SFRV) with discharge flow G4
for the driving turbine. By the rotation frequency change
@ of the driving turbine, the feeding turbo pump (FTP)
productivity changes, where the feeding water with
discharge G, is applied. From the FTP, the feeding water
through tubes passes the high pressure heater (HPH) and
is supplied at the feeding valve regulator (FVR). The FVR
is driven by the level regulator (LR). The error signal fed
at the LR enter, is formed by the level master signal Hy,
level master impulses H and from the water discharge G,,
and steam discharge G, gauges. The feeding regulator
signal influences the level actuating device (LAC)
changing the m,, variable of the FVR. The ACS input
actions are the heat carrier heat capacity Q;, variable m
of the turbine regulating valve (TRV), the driving turbine
rotation frequency w,, steam discharge G, to the driving
turbine and the feeding water discharge G,,.

Basing on the steam generator level ACS model with
Pl regulating law, the mathematical models of the SG
PACS are developed with various regulating laws, and the
model parameters identifying with Pl regulators is
performed [10, 12]. Let’s calculate parameter values of
the SG PACS by the steam generator ACS DQI
optimization with objective of choice of most efficient
productivity regulator of minimal complexity.
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Fig. 1. Steam regulator ACS basic diagram

To set the problem of the PACS parameters
optimization, form the vector x e RP of the PR varying
parameters K, A, and A,. Depending of the productivity
regulator type p € {1, 2, 3}: for a proportional (P), integral
() and differential (D) regulators p = 1, for PI, ID and
PID regulators p = 2, for a PID regulator p = 3. For a PR
parametric synthesis under a disturbing action ug and
outgoing variable of the feeding water flow g, let’s
represent a PR PACS model in the form:

dX

e AX + B,@;+B,q+B,u,, g, =CX. (1)
The matrix and model vectors parameters (1) are

obtained on the basis of experimental processes and

corresponds to the different regulators types [10, 12].
Apply the restrictions on the varying parameters:

a; < x; < b;, i =1, p. Using the cut-off operation |y| =

max{y, 0} form the penalty function

p
S@) = ) lla = x] + Lxi — il
i=1
To account the PACS stability by its model stage
matrix A(x) form the characteristic polynomial a(x, s) =
=¥" ,a;(x)s™" and calculate the Routh table first
column factor p(x), k = 0,n. Determine the PACS
stability region:
o;(x)>0,i=0,n, p(x) >0,k=2n—-1. (3)

The first unequalities group violation stage (3)
represent by a penalty function

TRP
MSC =
P Qs s
-y Y ©
AP -L, Ts
>~ VAP [—(Q)—
\/
HPC
PR |«
\ i
l, SSS
PAD
S
SFRV
W Gp
FTP
n
PG = ) - @), @
i=0

DQI are the over-regulation o(x), oscillations range
{(x), regulation time t.(x) and its relative value t(x) =
= t.(x)/T¢. Regulation time must be minimal under the
system stability and the factors restrictions:

o(x) < oy, Ux) <y, t(x) = min. (5)
All the inequalities correspond with the restrictions
fulfillment regions:
Gy = {xla; < x; < b;, i =1,p},
Gy = {x|ay(x) > 0,i = 0,n},
G = {xlpx(x) > 0}, k =3,n,

Gnir = {xlc(x) < Gm}, Gnyz = {x|<(x) < Zm}

Form a system of quasi-allowable regions from
them:

Dy =Gy, Dy =Dp-1 NGy, k=2,n+2.

Build the non-intersecting regions of the restrictions
levels:
Hy = RP\Dy,
Hk = Dk\Dk+1’ k = 1, n+ 1,
Hyy2 = Dyyo.
Introduce the factors deviations Ac(x) = o(x)—0,,,
Al(x) = {(x) — {,,,. Basing on the functions (2)—(5) we
form the two-dimension multilevel objective function
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(0; S(x)), X € Hy,
(1, P(0), x € H,
(ki —pe®), x€H,, k=2n-1,
F(x) =< (n:00(), xeH, (6)
(n +1 AZ(x))’ X € Hyyq,
(n+2; ©(x)), x € Hyso.

This vector function in the form of F(x) = (F;(x);
F,(x)) considers two-sided restrictions of varying
parameters, necessary and sufficient conditions of the
ACS steadiness and the demands for its DQI. For the
optimization task solution of the SG PACS regulator
parameters the function (6) will be optimized considering
the priority of its components: the first component F; (x)
is a level function, with maximizing priority, and the
second F,(x) — the penalty function — is minimizing [10,
11]. For the function (6) optimization, modify the methods
of unconditional minimization by introduction of the
"better" operation < for two values of the function (6)
U= (U, U,)and V = (V, V) [10, 11]:

1L, U, >V, VU =V, AU, <V,
U<V—{0, Uy SVVU =V AU, >V, )

The methods of unconditional optimization, solving
the optimization task for multilevel function (6) are
modified, where the usual scalar comparison < is replaced
for the "better” operation < by the formula (7). For the
research, the one-dimension search step adaptation
method and multi-dimension optimization Nelder — Mead
method are chosen [11].

Calculation experiments of the control systems
synthesis methods. Perform SG PACS analysis with
productivity regulators various types by model (1) under
disturbing action ug = 1(t). Form function (6), impose
two-sided restrictions on varying parameters values: a; <
x;<b;, a;=0, b =100, i =1,p. For obtaining of
the optimum processes with minimal regulation time, set
the DQI restrictions: the maximum deviation value of the
water flow variable o, = 1, permissible value of the
system’s variability ¢,, = 0,65. DES (1) integrating by
matrix method [11] with input parameters values —
integration time T,,, = 500s, integration steps quantity
L = 200, process established value y, = 1, regulation
time interval parameter &, = 0,05, calculate the DQI
value, form the function (6) and optimize it by the
modified numerical method.

The function (6) optimization graphs for PACS with
Pl regulator modified by the Nelder — Mead method are
represented at the Fig. 2 u 3. The varying parameters are
x; = K, and x, = A;. All the search points are shown by
the thin line, the better points — by thick line, the initial
point is marked by a circle, the final — by a rhombus.
Fig. 2 reflects the level function F;(x) optimization
process and permits to conclude that in the final point all
the restrictions of the optimization task are fulfilled. Fig. 3
reflects the penalty function F,(x) minimization process

and shows that the regulation time minimum point is
obtained.

The control systems synthesis results. The PACS
synthesis results by the function (6) optimization with
different varying regulators parameters P, I, D, PI, PD, ID
and PID are presented in the table 1, where the PR types
are represented, the function N, calculations quantity,
regulators optimal parameters Kj, A;, A, and also
corresponding function values (6) F; u F;, index of
oscillation ¢*, regulation time t;. Those results show that
all restrictions of the optimization task of the regulators
parameters and DQI restrictions are fulfilled at the optimal
points, maximum regulation time values t; are obtained,
which will permit to comparison the regulators efficiency.

Fig. 2. The level function and the PI regulator parameters
optimization trajectory

Fig. 3. Penalty function and the PI regulator parameters
optimization trajectory

Basing in the table 1 it is necessary to conclude that
the regulators Pl and PID has maximum speed of
operation. For the Pl regulator at the Fig. 4 the feeding
water flow variable change processes graphs are showed
y = g, in initial and final search points. Thin line marks
the process in the initial point, and thick — at the final
point. Near the stationary value y,, = 1 the dashed line
marks the zone corresponding to the. A, = 0,05.
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Table 1 — DQI SG PACS optimization results

PR Ny Ky Ap, st Ap, st F F; T te, S
P 62 61,1431 _ 16 0,3708 0,54 185
| 62 _ 0,8356 17 0,3151 0,65 157
D 76 _ _ 100 17 1,3071 0,26 653
Pl 377 16,0178 0,3741 _ 17 0,2635 0,65 131
PD 345 63,6232 _ 22,0041 17 0,3691 0,54 185
1D 308 _ 0,6714 0,0047 18 0,2788 0,65 140
PID 606 15,6927 0,3886 0,2676 18 0,2625 0,65 131

Fig. 4. The feeding water flow change

The function (6) optimization modified methods
permit to solve all the synthesis tasks of the optimum SG
PACS with various PR types. To optimize PRs with one
variable parameter, a modified method is used of step
adaptation, and for the PR optimization with several
varying parameters — the Nelder — Mead modified method.
Authenticity of obtained results of the optimal SG PACS
synthesis is confirmed by successful solution of a number
of analogous synthesis tasks for another ACS of a NPP
power-generating units by different optimization
techniques [10, 11].

The optimum SG PACS synthesis results, presented
in the table 1, permits to make the following conclusions.
Comparing to the IQE minimization, the DQI
optimization permits to increase significantly the SG
PACS performance speed. The maximum regulation time
t: happens for the D regulator, and the minimal similar
values — for Pl and PID regulators. The practicability of
the PI regulator in the SG PACS is theoretically grounded,
because the PI regulator is simpler than PID regulator.

The stage variables change additional analysis in the
SG PACS and comparison of the transients before and
after the optimization permits to conclude that the
maximum deviation of the SG water level variable
decreased and its oscillations vanished. Also, the water
flow variables oscillations, FTP and HPH pressures
vanished, maximum deviation and error oscillations
significantly decreased, over-regulation and the FVR and

PAD variables oscillations virtually vanished. Thus, the
PACS quality indexes optimization permits significant
enhancement of the main regulating processes happening
inside it [10]. The considered methodic for the optimum
ACS synthesis can be recommended also for synthesis of
the other complicated control systems.

Conclusions. The PGV-1000 SG of an NPP power-
generation unit with a WWER-1000 reactor productivity
optimal automatic control systems synthesis task is
solved. Basing on the ACS of the SG level, a SG
productivity ACS general mathematical model is
considered in the state space with relative variables and
various regulators, intended for a PACS parametric
synthesis. The further development is achieved by the
models and methods of parametric synthesis of the SG
control systems basing on the ACS models with utilization
of optimization methods, which permit to increase quality
of the main processes in the productivity control system.
The PACS quality indexes system permit to enhance
significantly the main control processes emerging inside
it. At the first time, basing on comparison of the various
PRs inside the SG PACS, the practicability of the PI
regulator utilization is theoretically justified. The practical
significance of the obtained results lies in the fact that to
enhance the quality of the NPP steam generator control
processes in normal operation modes, the mathematical
models of the automatic control systems in the stages
space of the PGV-1000 steam generator productivity. The
multi-criteria parametric synthesis of control systems
methods based on the modification of the one-dimension
and  multi-dimension  optimization  methods are
considered. Further research is recommended to perform
into the direction of the mathematical models
enhancement for the control systems of the steam
generator feeding department and optimal systems
synthesis. Further research is recommended to perform in
the direction.
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