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The vast majority of the equipment, and in particular controls the excitation of synchronous
machines, is a dynamic elements. Research and designing of them is a difficult task due to the
complexity of timely and reliable information about the processes occurring in them.Setting
parameters of excitation regulators affect the processes in equipment and modes in the network, and
their improper adjustment may result in the loss of stability of synchronous machines, occurrence of
overvoltage and others unacceptable for operation modes [1].Therefore, the problem of
investigating the processes that occur in the excitation controller of synchronous machines, and
setting their parameters is an actual from the point of view of their impact on the network
mode.Purpose of work is research the transient characteristics of automatic excitation regulator of
strong action and evaluation of the impact of adjusting the coefficients on the parameters of the
network in various modes using hybrid modeling complex real-time of electric power systems.

Mathematical model of automatic excitation regulator of strong action, which is developed
in labs "Modeling of electric power systems," Energy Institute of TPU is the object of the research.
It is presented below:

Ur = kyAUr + ky f AUrdt + K'yU'r + keA's + K'pf' + k' I'f + kerlp, ()

Whereky, Ky .Ks, K'¢, K'|, K'| ,kp7, ke - the transmission coefficients of regulator

on the relevant regulating effect. [2]

The research of transitional characteristics of all links produced on specialized software,
whose main task is the automatic compilation of the program text of a system of differential
equations on the language "C". A feature of the program is created subject to the restrictions
connected with integer representation of the values of parameters and variables regimes.
Specialized software and simulation tools developed in the transient environment Microsoft Visual
Studio.

Example of results of the transition process on the channel dU is shown in Figure 1.
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Fig. 1. Transient response on the chaiinel
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The research of transitional characteristics of all links of the mathematical model of
automatic excitation regulator of strong action is necessary to determine the error of the solution in
the whole range of the tuning parameters and transmission coefficients.

Table 1 shows the calculation accuracy of the theoretical and experimental values dU.

Table 1 - Accuracy in the theoretical and experimental values dU

t1=0,2sec | t,=0,3sec | t3=0,5sec | t,=0,9sec
Uoutp TPAKTUYECKOE, 0.€. 0,0 0,314 0,475 0,499
Uoutgl€OPUTHYECKOE, O.€. 0,0 0,314 0,476 0,499
3, % 0 0 0,002 0
The calculation was performed using the formula:
L
Uoutp = Uinp(1 —er (2)

Wheret=0,1— time constant;; t-time in seconds; i — the value dU to output; k) — the
value dU to input;
Accuracy is calculated by the formula:

Uoutp theory — Uoutp pract

5= -100% 3)

Uoutp theory

An important point in the research of automatic excitation regulator is to research the
influence of its parameters on the processes in the network. Tool for obtaining complete and
accurate information about the influence of the parameters of automatic excitation regulator of
strong action on the processes in the network is hybrid modeling complex real-time of electric
power systems.

All elements included in the modeling scheme of hybrid modeling complex real-time, such
as generators, excitation systems and their primary motors, asynchronous and synchronous motors,
transformers and autotransformers with voltage control, power lines, shunting reactor, equivalent
loads, are modeled full hybrid mathematical models, solution of systems are carried out in real time.

With the help of hybrid modeling complex real-time of electric power systems can obtain
complete and accurate information about normal and abnormal processes in equipment and EPS for
all possible modes of operation. The resulting information can be used to effectively solve many
problems in the design, research and exploitation of EPS. [3]

To display the current mode parameters and interactive control in hybrid modeling complex
real-time of EPS uses forms.

Form displays the state of the circuit-modal elements or EPS as a whole and include the
software tools for interactive control the parameters of the simulated components, and for short-
circuit condition, including the phase segregated, as well as for various display values and states of
variables and parameters.

The form with the image main electrical circuit shown in Figure 2.

In addition to the main form with the image an electric circuit, when you click on any
element, you can open the form of the element.

Scripts dynamics or scripts transients setting user-defined procedure and conditions for the
various actions, including algorithms for relay protection and automation. In the script you can turn
the oscilloscope, which displays a list of selected variables defined in the script.
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Fig. 2. The main electric circuit

Example script of the dynamics and the resulting oscillograms for the pardayéte,are
shown in Figures 3 and 4.
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Fig. 3. Script dynamics a&fif"=2
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Fig.4. Resulting oscillogram &tif"=2
From the obtained results we can make a conclusion about the stability of the system for a
given parameter, after some time will damped oscillations, and also to see the settings in relative or
named units.
In the work was conducted research the impact of changes tuning parameters of automatic
regulators excitation of generators on the network. Examples of dependencies are shown in Figures
5-6.
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Fig. 6. The dependence of the paramdieBsI'-4 from changing the KU s8I'-3
REFERENCES:

1. FOpranoBA. A., KoxeBHukoBB. A. PerynupoBaHneB0o30yX/I€HUSICUHXPOHHBIXI€HEPATOPOB.
— CII6.: Hayka, 1996.— 138c.

2. Opuapenko H.M. ABromarmka »HeprocucteM : Yy4yeOHUK [Uis BY30B. — 3-€ W31,
ucnpasnennoe / H.M. OBuapenko ; moa pen. un.-kopp. PAH, nmokrt. TexH. Hayk, mpod. A.D.
HesxoBa. — M. : U3patensckuit qom MOU, 2009. — 476 c.

3. TexHuueckoe onucaHue ¥ HHCTPYKIHS 110 dkcruryaranny BMK PB 39C.

506



Hayunsiit pykoBogurens: C.B. CpeukapeB, K.T.H., CTapLIMi NpemnogaBarenb Kaderpbl
EKTPOIHEPIeTUYECKUX CUCTEM OHEPreTUYECKOr0 MHCTUTYTa TOMCKOTO IOJIMTEXHUYECKOTO
YHUBEPCUTETA.

JOKAJU3ALMSA MOBPEXJIEHHOI'O YYACTKA HABJIIOJIAEMOM
PA3BETBJIEHHOM PACHPEJAEJUATEJIbHOM CETH
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«HccnenoBarenbckuii ieHTp «bpecnep»

Pacnpenenurenbusie cetu 6-35 kB sBisitorcst Haubonee npoTsukEHHBIMU cpenu ceteit 0,4-
110 xB u 3aHMMarOT 3HAYUTENHHYIO YacTh B HMH(PPACTPYKType MepeAauyd U pacrupeiesieHus
anekTposHepruu. OJHAKO MX JKCIUTyaTalusl COINpsDKEHa CO 3HAUUTENIbHBIMH HM3JEPKKAMU,
00yCIIOBJICHHBIMH aBApUHHBIMU MEPe0OsIMU B SHEPTOCHA0KEHUH U HEOOXOAMMOCTBIO MTPOBEICHUS
npoUIaKTUYECKUX U PEMOHTHBIX paboT.

ObecnieueHue Haa&KHOW paboTel cerelr 6-35KkB  HeBO3MOXXHO 0€3 HCIOJb30BaHUS
CEJIGKTUBHOM 3alIUThl OT OJHO(a3HBIX 3aMblkaHUil Ha 3emito (O33), Tak KaKk MMEHHO 3TOT BUJ
MOBPEXKACHUS SIBIsIETCS HauOoliee YacThIM B paclpeneiauTeNnbHbIX ceTsax (67-92% ot olmiero
yucIia dJeKTpuueckux noppexaeHuit) [1]. CyiiecTByeT MHOXKECTBO TaKMX 3aIUT, Pa3IUYArOIINXCS
CBOMMH aJrOpUTMaMd U COOTBETCTBYIOLIEH wuH(OpManmoHHOM 06a3o0ii [2]. B kauectBe
MH(POPMAIIMOHHBIX BEJIUYMH MOTYT BBICTYNAaTh HANpPSKCHHE HYIEBOW MOCIEI0BATEIBHOCTH,
COCTaBJISIONIAs] MPOMBIIUIEHHON 4YacTOTHl TOKAa HYJIEBOW MOCIEAOBATENBHOCTU (BO3MOXKHO eIé
HaNpsDKEHN ), «HAI0KEHHBIN) TOK C YaCTOTOM, OTJIMYHON OT MPOMBIIIJIEHHON, BBICOKOYAaCTOTHBIE
COCTaBJISIOLIME B TOKE HYJIEBOM IOCIEAOBATEIBHOCTH M, HAKOHEL, TOK M HAaIpsHDKEHHE HYJIEBOMN
MOCJIeI0BAaTELHOCTH B nepexoiHoM mporecce O33. [locnennunii cnocod 3apekoMeH10Baj cedst KaKk
HanboJsiee YHUBEpCaIbHBIH [ 1, 2].

OpHako nake NpUMEHEHHE COBPEMEHHBIX 3ammT oT O33 He MO3BOMISET PelIuTh MpodiieMy
3aMbIKaHUN Ha 3€MIJII0 B PACIIPEAETUTENbHBIX CETSIX B KOMIUIEKCE. JTO OOBACHSAETCS TEM, UTO NI
YMEHBILIEHUSI BPEMEHM JIMKBUAALMUU IOCIEACTBUI NOBPEXIECHUN U BOCCTAHOBJICHMS MHUTAHUSA
norpedureneil TpedyeTcss COBEpIICHCTBOBAHUWE METOJOB JIOKAauu mnoBpexaeHui. Ilon nokanumei
nonuMaercs omnpenenenne mecta O33. Ha HacTosmuii MOMEHT CYIIECTBYET MHOKECTBO METOJIOB
onpezaeneHuss Mecta nospexaeHus [3]. Ilpu 3ToM JOKalMOHHBIE UM BOJIHOBBIE METOJBI, IIMPOKO
HCIIOJIb3YEMBIE B CETSAX BBICOKOTO M CBEPXBBICOKOTO HAIPSHKEHUS, MPAKTUYECKU HE TPUTOIHBI JJIs
ONIpEAENICHUsI MECT MOBPEKACHUM B paJHalbHBIX PACHPENCIUTEIbHBIX CETAX. TaKKe CTOUT
OTMETUTh, YTO METOJbI JIOKAlMU B PACHpENeIUTENbHBIX CETSIX, NPUMEHSEMble Ha MPaKTUKE,
SBJIAIOTCSL MAJONPUTOAHBIMU JUIsl ONPENEIIEHNUS MECT KpPAaTKOBPEMEHHBIX CaMOYCTPAHSIOLIUXCS
3aMbIKaHUU. B TO ke Bpems, B MeCTe CaMOYCTPAaHUBIIETOCS 3aMbIKaHUS Ha 3€MIIIO YXYIIIAeTCs
M30JISLMS, YTO BIIOCJIEACTBUM IPUBOJUT K YCTOWYMBOMY 3aMBIKAHHUIO Ha 3€MJIIO, U CBOEBPEMEHHOE
oTpesieNieHue MecTa JIMHUU C OciaabIeHHON M30JSIIMeN MO3BOIMI0 Obl HE TOMYCTUTh aBapUMHOTO
pexuma.

B pamkax Hacrosmiei paboTsl moka3aHo pa3BuTHe crocoba jokanuzanuu O33 B ceTsix 6-35
kB, mo3BosifIONIEro Ha MEPBOM 3Tale BbIIEIUTH MOBPEXKAEHHOE MPHCOEAMHEHHE, Ha BTOPOM —
MOBPEXKACHHBIA Yy4acTOK IPUCOEAUHEHMS, @ Ha TPETbEM — OINPEAEIUTh KOHKPETHOE MECTO
3aMbIKaHUS Ha 3€MIIIO.

B ocHoBe cmocoba jiexaT aJropuTMHYECKOe MOAETUPOBAHME W MPUHLUI KOMIIEHCAIUU.
g uccnenoBaHusl TMPOLECCOB, MPOUCXOISIIUX B 3HEProOOBEKTE, HCMOIb3YETCS AMCKPETHO-
aHaJoroBass MOJENb OOBEKTa LEIMKOM WIM MOJEIH OTAEIbHBIX €ro 4yacTei, IMO3BOJISIOIINE
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