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RESEARCH OF VOLTAGE DEVIATION
IN RURAL ELECTRICAL GRID WITH DISTRIBUTED GENERATION

Abstract. In accordance with the strategy for the development of energy in Kazakhstan in agriculture, it is
necessary to solve the important problem of reducing the energy intensity of agricultural production [1, 2]. The key
difficulties in integrating high-capacity generation of renewable energy sources(RES) into the grid are the planning
and management of the system. Scenarios for studying the impact on the system depend on high or low load, high
proportion or absence of wind/solar energy. For each case, the bus voltage is calculated and checked for compliance
with permissible limits, the calculation of the flow distribution of active and reactive power, as well as losses in the
transformer, on power lines, generators and other components. Most wind and solar power plants do not provide
inertial response or control of statism [3]. A number of difficulties arise related to the stability of the voltage in
transient modes.. In this regard, the actual issue is the introduction of adaptive controllers for controlling inverters,
depending on the change in the mode parameters [4, 5]. In this paper, we present the results of studies on the mo-
deling of transient regimes using the example of the SPP with an installed capacity of 2 MW describes the possibility
of changing the principles of system management, which is the most economical solution to the problems of
integrating wind and photovoltaic solar energy into a network. The virtual model of the PSCad analyzed the stability
of the voltage in the event of a short circuit on the 10 kV bus, algorithms and mechanisms for using the intelligent
controller for controlling the photovoltaic system were developed.

Keywords: distributed generation, integration of solar power plants, voltage deviation, transient modes, short-
circuit current.

Introduction. The current state policy on the introduction of green and clean technologies encou-
rages the construction of renewable energy sources, such as wind farms, solar power plants(SPP) and
small hydropower plants. According to the data presented in [6, 7], by the end of 2025, it is expected to
connect more than 3,000 MW of RES or 15% of the total installed capacity of the generating stations of
the Republic. Including, the share of SPP will be 650 MW. With the increase in the share of RES in the
total balance of capacity, electromagnetic processes in systems with power converters have a significant
effect on voltage stabilization. It is known that the occurrence of a short circuit (SC) due to an unstable
damage incvitably leads to a voltage drop in one or several phases (possibly also to a voltage jump in
undamaged phases), depending on the type and location of the fault. For this reason, the grid rules of
countries with developed renewable energy require that the connection of a high-power RES-power
system keep the voltage drop in the network to a certain level (usually in percentage of the nominal
voltage) without switching off.

Since 2015, the system operator of KEGOC JSC for the reconciliation of the scheme for issuing the
power of renewable energy has introduced "System operator requirements for ensuring integration of RES
with the energy system" [8, 9], where one of the main requirements is to ensure the stability of RES
voltage in transient modes. The document contains the conditions for RES operation when the linear
(phase-to-phase) voltage falls at the point of connection to the network caused by the asynchronous mode
in the adjacent network or by close short circuits (symmetrical or asymmetric) [9]. The required voltage
value is provided by generating a controlled volume of reactive power. Figure 1 shows the "voltage-time"
characteristic at the time of the accident.
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Figure 1 — Diagram of restrictions of switching off generating plants from the common network
in the parameters of level-duration of voltage drop

Area "A" - RES must remain connected to the network and function steadily;

Arca "B" - RES must remain connected to the network and provide maximum voltage support by
generating a controlled volume of reactive power;

Area "C" - it is allowed to disconnect RES from the network.

Thus, it is required that the RES object in case of voltage drop to 0 in the time interval between 0.4s
and 3s remains connected to the power system (zone B) or be disconnected (zone C) from the external
network as the voltage deviation U/U ., changes curve on figure 1.

For solar power plants, provision of permissible voltage is possible due to adaptive regulation of the
inverter's operation, the task of which is to receive the reactive component from the network to stabilize
the voltage when increasing and to generate reactive power with an unacceptable voltage drop. The
change in the value of cos (f) should be within 0.85 ind and 0.85 cap [10]. The results of the studies
presented in [3-5, 10, 11] show that providing a voltage within a given range is one of the most difficult
tasks, the solution of which depends on changing climatic conditions (humidity, wind, solar radiation, etc.)
temperature heating of cells, as well as the number of solar panels at the station, affecting the fluctuations
in output power. For SES connected to an external electrical network (on-line), the provision of permis-
sible voltage levels in normal and post-emergency modes is possible at the expense of power storage
devices, but the cost of such installations is not yet sufficiently acceptable for companies [10].

In this regard, an effective means of voltage regulation is the use of an intelligent regulator for con-
trolling the photovoltaic power supply system [4]. However, the use of this approach requires the deve-
lopment of adaptive algorithms that will in real time regulate the conversion of active and reactive current
in inverters depending on the voltage level on the bus bars of the connected external network.

In this article, studies have been conducted to maintain the voltage inverters of the 2-MW SPP like as
in Kapshagai city in the south of Kazakhstan in the event of a short-circuit occurring in the PScad ™
software package. PScad is a high-speed, accurate to 0.001s. and a simple tool for modeling the operation
of power systems and power electronic converters in their design, analysis, optimization and verification.
and also proposed algorithms and mechanisms for ensuring stable operation of the power system in
transient regimes.
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This SPP is connected to an external 10 kV network via a 0.4/10 kV step-up transformer. The voltage
variation in the transient regimes was estimated under the conditions of the occurrence of a 3-phase short
circuit (short circuit) on the 10 kV busbars of a 1-second transformer substation. Modeling is performed in
the PScad ™ software package. The PScad program with the EMTDC ™ transient simulation module
provides a wide range of tools and a large component library for detailed analysis of the operation of
power equipment. The result of the system simulation are graphs of the transients of currents and voltages
at the input and output of the system for both ac networks and for the DC transmission system. The line
parameters are given in the form of lumped inductances, capacitance and resistances, equivalent to the
physical parameters of the line.

Results and discussion. To model the SPP, the structural diagram of which is shown in figure 2, we
write the output voltage at the solar power plant in a matrix form for 3 phases (2):

Usa d ia Ug
Usb = (R +Ld_) ib + ub (1)
Usc ' ic Uc

where U, Uy, U is the voltage of the inverter, i,, 1, 1. is the inverter current, u,, up, ucis the voltage of
the external electrical network.

In accordance with the requirements of transmitting electrical networks [9], it is necessary that at the
time of transient regimes the accident does not spread to distribution networks and does not provoke its
cascade development.

Voltage stability in PV systems is determined by the operation of inverters, which must regulate the
generation of active and reactive power during short-circuit or other transient processes [11]. The
mathematical model of the inverter operation is described by the following equations (3, 4) in the
simplified coordinate system d, q:
dig(t)

Ugq= Rld + LT = (I)qu + Ug (2)
. dig(t) .
Ugqg=Riy +1L Zt + wLiy —u,

P=uyig+ugi,

Q = uqiq - udid

3)

From figure 3A, we can observe that after a 3-phase short circuit on a 10kV bus, the inverter goes
into protection mode and automatically removes the voltage at the output, the instantaneous and active
voltage on the 10kV buses is reduced to 0 and restored only after the short circuit is completed. There is a
decrease in the generated currents, and accordingly the active and reactive power from the SPP. For
1 second SPP does not contribute to the external power supply voltage. When the external voltage drops to
a critical level, the SPP automatics takes it to isolated work in order to ensure the stable operation of the
integrated electric network.

Analysis of simulation of transient modes shows that as a result of the absence of a reverse electro-
mechanical connection of the power system from the SES, intelligent regulators must be used to control
the output voltage, which will adaptively control the generation of active and reactive power when the
external parameters of the electrical network change. Figure 4 shows the block diagram of Iq operation of
the regulator for operation in the SPP system when connected to an external electrical network.

Models of automatic systems based on semiconductor converters with pulse-width modulation belong
to the class of systems of the following type [8]:

(ii—i( ~G(AX.1). 4)

where X is a vector of phase variables; G is a periodic vector function; A is the matrix of the parameters of
the system.
The solution of the system (1) has the form:

X(t)=X(t+T).

The converter replacement circuit is described by a system of nonlinear differential equations
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Figure 3 — Oscillograms of transient processes with a 3-phase short-circuit fault with a duration of 1 sec
on buses substation10 kV with a connected SPP. A — instantaneous and effective values of currents B —
instantaneous and effective values of voltages, C — active values of active and reactive power
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Figure 4 — Block diagram of the Iq controller operation in the SPP system when connected to an external network

di :
l:—R‘lL _KFD(E.;(t))uC +E>
dt )
duc
C% =1, -Kpp (E(1) - RH

where is the current in the inductance; - voltage on the filter capacity; - a function that describes the
commutation of a diode.
In the matrix form, system (4) is written as

dX
dt

The principle of the Iq regulator operation is to control the external voltage of the network and to
regulate the operation of the inverter by generating active and reactive transients in the event of a fault (5).

= A(Kg(&(1))- X +B(iL).

di
Ug,b,c= Usa,sb,sc (Rld + L—= ld (6)

The operation of the inverter for regulating the generation of active and reactive power will be
performed in accordance with the model in the coordinates dq from the change in the phase of the external
current oLig, -oLiq (6).

Uy Usy (de(t) + L ‘””) + wLig(t) -
7
- Usq — (Rig(6) + L2 Z40) — wLig(t)

The purpose of voltage regulation at the connection point is to provide the required voltage in
accordance with the graph shown in Fig. 1. To do this, Iq controller is used, which determines the current
value on the inverter i;, using the system of equations 6.

To determine the currents X (i4, 1), we use the solution of linear equations in the form:

X()=Y-4", ®)

where ¥ - is the vector of voltage drops in the network between the points of connection of the SPP to the

system in the coordinates d, q, Y (Ug, Uy); X — current vector in the coordinates d, q; A — matrix
parameters (step-up transformer, cable, etc.) between the point U, and the point of connection of SPP to
the system buses.
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Y, 20U, ~U)U s

)
The solution of system (8) has the form:
X(t)=X(t+T). (10)
where Ys=,/Y; +7. qz, determined by the shutdown conditions:
YS ZYvSnom WhereZE(ZO 7too)7
(1D

Y, =0wheret<0.4s;
Y, =Y, +k-t,wherek =1g(AU /1)).

As a result of the developed adaptive algorithm, the necessary level of output voltage of the PV
system will be provided in the Iq regulator functioning in order to stabilize the transients of the external
power system.

Conclusion. In this paper, some possibilities of distributed generation to regulate voltage and control
reactive power were shown, but still many questions require investigation. One of them is economic effi-
ciency, because such an approach increases losses in distribution grid. With significant integration of SES
and the absence of a reverse electromechanical connection with the power system, it is necessary to use
the development of a voltage regulator at SPP based on the parameters of the external network mode,
based on adaptive algorithms for controlling the operation of inverters. The voltage regulator on SPP is
implemented in the form of Iq controller, which affects the current of the inverter i,,. An algorithm for
determining the required current value is proposed using the equation of the current dependence on the
voltage drop between the U,y point and the SPP connection point to the system buses. In addition,
different combinations of control for large and small-scale PV plants are possible to consider as well as an
implementation of central control for all renewables in the distributed grid. This direction will be also
investigated in the nearest future.
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C. A. Kemryos', IIL K. Illoko1akosa’, A. A. Cayxumos’, E. Illyasiosa’

"Kasaxckmit HAIMOHATBHBIH ArpapHbIi yHHBEpCHTET, ATMaThl, Kazaxcran,
% AIMATHHCKHIT Yrusepcuter SHepreruka u Ceasu, Anmatsr, Kazaxcran,
Tammeckuii Texuuueckuit Yrusepcutet, Tammmn, DCTORMA

MBT KYATTBUIBIKTAFBI KYH3JIEKTPCTAHIUACBIH
HHTEI'PAJIIAY KE3IHAEI'T TAPATYIIBI XKEJLJIEPAETT
KEPHEY TYPAKTBLIBITBIHBIH 3EPTTEYI

Annotamust. KazakcraHna >KaHAPTHUIATBIH 3HEPTHS KO3ACPIH CHII3YAL BIHTANAHABIPY OOMbIHIIA OipkaTap
mapanap KaObUIIAHABL, OJAPABIH Oipeyi KYHIHEPTHACH 00bm TaObutams [1, 2]. KenTereH ke moHe KYHICKTP-
crannmsriapsl (KOC) mHepmmanas! xayam Oepyai HGMECE CTaTUCTHKAHBI OaKbpLIay Al KaMTaMmachr3 ermeiimi. Kaiita
KEPHEY KEpPHEYiHIH HHBEPTOPHI CBHIPTKBI 3JICKTPMEH KaOJbIKTAY KYHECIHIH KepHEYIMEH Kepi OainaHbic oK. COC-
HIiH 3JCKTP3IHECPTUICHIH OHIIPY1, 9AETTE, TEK KYH PAJHALMACHIHBIH (PyHKIHACH OOJBIN TaOBLIAAbI YKOHE KETi XKy-
MBICHIHBIH TTapaMeTpiIcpine OaiaanbIcThl eMec [3]. Ocpiran OaHIaHBICTHL, HHBSPTOPIAPABI OacKapyFa OcHiMaeareH
KOHTPOJUICPIICPAI PCKAMHIH MAPAMCTPIICPiH ©3repTyre OaitmansicThl [4, 5] eHrizy Moceneci e3¢kTi 00JbIm TaOBI-
nanpl. JKaHApTHIIATHIH SHEPTHS KO3CPIiH KOFaphl KyaTTHUIBIKTEI TOPFA MHTETPALMSIAY ABIH HETIRTI KHBIHIBIKTAPHI
JKYHCHI skocmapniay sxone 0ackapy 0osbm tadsutaasl. JKyiiere ocepai 3epTTey YIIIH CHCHAPHIICD *KOFApPBI HEMECS
TOMCH KYKTEMEJCH, >KOFapbl MPONMOPLMANAH HEMECE >KEI/KYH SHEPTHSICHIHBIH KOKTBHIFBIHA OAaHNaHBICTEL OpoOip
JKaFJAiIa IMMHATAPABIH KCPHEY1 PYKCAT CTIATCH TMMHTTCPre, OCICCHL JKOHC PCAKTHBTI KyaTThI HAFBIHBIH OOy,
COHZAI-aK TPaHC(HOPMATOPIAAFHI, ICKTPIKCIICPIHAC, TCHEPATOPIAPAAFHI KOHE 0ackama Kypamaac OemikTepiHaeri
IOBFBIHIAPABIH SCCUTENY1 VINIH eCenTeneal skoHe Tekcepineni. Ochl Makanaga OCITiICHICH KyaTsl 2 MBT OonateiH
Kammara#i KyH3ICKTPCTAHIUACHHBIH MBICAIBIHIA TSI PSKHUMACPAL MOACITBACY OOMBIHINA 3CPTTCYIICP HOTHKC-
nepin ycoiHambz. PSCad Bupryamapl kommbroTepiik Mozenpac 10 kB-ThIK mmMHATapaa KeICKA TYHBIKTANY JKar-
JAWbIHAA KEPHEY TYPAKTBUIBIFBITANIAHIBL, (DOTOINEKTPIIK >KyHeHI O0ackapy YINIH HHTEICKTYaJIbl KOHTPOJUICPIl
KOJITAHY YIIiH AITOPUTMACPMCH MCXAHU3M/ICP 31PICHA.
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C. A. Kenryos', IIL K. Illokostakosa’, A. A. Cayxumos’, E. Illysanosa’

"Kasaxckuit HAMOHATLHBIH arpApHBIH yHEBEPCHTET, ATMaThl, Kaszaxcran,
* AIMATHHCKHH YHHBEPCHTET SHEPTETHKH ¥ CBa3H, Amvarsr, KasaxcTa,
*TanTHHCKHI TEXHHYECKHH yHHBepCHTET, TammH, DCTOHMA

HCCIEAJOBAHME CTABWJIBHOCTH HATNIPAKEHUA
B PACIIPEJEJUTEJBHBIX CETAX IPU UHTETPALIUH
COJHEYHOMU IJEKTPOCTAHIIMUA MOIIHOCTHBIO 2 MBT

Annoramust. B Kazaxcrane nmpeanpusAT psig MEp MO CTUMYIHPOBAHHUIO BBOJA BO300OHOBISIEMBIX HCTOUHHKOB
sHeprun (BUD), o7HEM W3 KOTOPBIX ABILICTCA COTHCUHASA YHEPreTHka [1, 2]. BoabImMHCTBO BETPOBBIX H COTHCUHBIX
snexrpocTaniui (CIC) He 0OeCTeYNBAOT HHEPIUOHHBIM OTKIMK HIM KOHTPOJb cTaTtu3Ma. [IpeodpasoBareiabHbIC
HWHBEPTOPHI HAIPS>KSHUS HE MMCEOT OOPAaTHOM CBSI3H C HANIPSHKCHUEM CHCTEMBI BHEIITHETO HICKTPOCcHAO eHus. [ eHe-
paums MomHOCTH COC, Kak MpaBHiIO, SIBJBIETCS TOJIBKO (PYHKIHECH COTHEYHOTO H3IYUCHHUS M HE 3aBUCHT OT PEKUM-
HBIX NMAPAMETPOB CeTH [3]. B CBA3M C 3THM, aKTYaNbHBIM SABJIACTCA BOINPOC BHEAPSHHA AJANTHBHBIX KOHTPOJLICPOB
10 YIPABJCHUIO WHBEPTOPAMH B 3aBUCHMOCTH OT W3MCHCHHWS HapaMmeTpos pekuma [4, 5]. KmroueBbiMu Tpya-
HOCTSIMH IIPH HHTETPAHK OOJBIINX MOIMHOCTEH rereparmy BHUD B sHEprocucTeMy SBISIFOTCS TUIAHUPOBAHUE U YTI-
pasienne cucreMod. CueHapuu I H3YUCHIUS BO3ACHCTBHS HA CHCTEMY 3aBUCAT OT BHICOKOH HIIM HU3KOW HATPY3KH,
BBICOKOH TOJIM WJIM OTCYTCTBHS BETPSIHOH /COTHEUHOM SHEPTHH. I/ KAKIOTO CIIydasi pPACCUHTHIBACTCS HANPSLKCHHC
HA IIUHE W MPOBEPACTCA HA COOTBETCTBHE AOIMYCTHUMBIM MPEACIaM, MPOBOAUTCA PACUET MOTOKOPACTIPEACICHHA aK-
THBHOW M PCAKTHBHOH MOIIHOCTH, 4 TAKKe MOTEPh B TpaHC(hopmarope, HA JIDII, reHeparopax W APYTHX KOMIIO-
HeHTax. B Hacrosmeil paboTe mpuBEACHBI PE3yIbTAThl HCCICTOBAHUH MO MOJCIHMPOBAHHIO MEPEXOJHBIX PEKUMOB
Ha mpumepe Kammaratickoit comreunoit cranmmu (COC) ycTaHOBICHHOW MOMHOCTHIO 2 MBT. B BHpTYamsHO#
mozenu [TK PSCad npoarammzuposana CTaOMIABHOCTh HANMPSKCHUS PH BO3HUKHOBEHHH KOPOTKOTO 3aMBIKAHMS HA
muHaX 10 kB, pa3paboTaHbl aNrOpUTMbI B MEXAHU3MBI 110 HCIOJIb30BAHUIO HHTCIUICKTYAILHOTO PETYILATOPA AT YII-
paBicHHA (POTOBOIBTAMUCCKOH CHCTCMOH.

KimoueBnbie ciioBa: pacnpenencHHas reHepanist, cTabiIbHOCTh HanpspreHwM, maTerpaumst COC, nepexo Hble
MPOLECCHL, TOK KOPOTKOTO 3aMBIKAHUSL.
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