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Abstract - Compact electrical power systems differ by their
operation modes either as independent or integrated with entire
consolidated electrical power system. Autonomous operation
mode with no connection with an integrated power system
presents its own characteristics and consequently operation and
maintenance problems related specifically with control of
compact power systems (CPS) operation modes. The tasks of
stability of the synchronous generator synchronization process
are formulated based on analysis of this paper. Less analyzed and
one of the most complex is synchronization process of generators
in an autonomous power system. At that part offering power
system model that contains two synchronous generators with
primary engines. The load is presented with statically active —
inductive load. For an estimation of synchronization stability the
mathematical model is developed. The model includes the
synchronous generator model with the use of the full differential
Park-Gorev equations and the statically active — inductive load’s
equations.

Keywords: Synchronization, generator, local power supply,
mathematical model.

I. INTRODUCTION

In several regions power supply of industrial objects and
residential areas is provided simultaneously by autonomous
power plants and centralized networks. Besides range of
specific issues appeared in regard to integrated operation of
local system and centralized network.

Efficiency of local power supply system operation is
determined by applicable equipment and its appropriate
operation modes. As far most significant elements of local
power supply systems are autonomous power plants, their
technical parameters mostly determine efficiency of the entire
local power supply system. The theoretical and practical
aspects of electrical technical, conversion and transformation
units utilized in local systems of power supply are widely
reflected in numerous studies. Development of new types of
equipment is executed on the basis of fundamental researches
in electrical mechanics, power engineering and is directly
interconnected with improvement and upgrading of electrical
machinery characteristics, regulating devices, units control
and protection systems, improving its reliability and
expanding functional capabilities.

Currently the attention to such technical hardware is
dictated by intensive and wide implementation of concepts

application of flexible controlled power lines of alternative
current that in technical literature have acquired the name
Flexible AC Transmission systems (FACTS).

One of the significant and preferable factors of compact
power system (PS) is local availability, certain compatibility
and independence regarding to the number of interruptions
(disconnections) under global transient climatic changes in
Latvia.

That is documented with annual statistical data for 2009
illustrated further on by charts (Fig.1.-3.).
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Fig.1. The total number of customers in Latvia in year2009.
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Fig.2. Data of not transferred power in Latvia in year 2009.
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Fig.3. The total average interruption time in Latvia in year 2009.

Local, compact systems of power supply are interpreted as
independent isolated power supply systems of separate entities
or residential areas incorporating autonomous power plants
and distribution systems of limited length. The consumed
power in such systems does not exceed 0,5 - 2 MW in rare
cases 5-10 MW.

II. PROBLEMS OF CONTROL OPERATION MODES OF COMPACT
ELECTRICAL POWER SYSTEMS

Compact electrical power systems differ by their operation
modes either as independent or integrated with entire
consolidated electrical power system. [1]

Obviously there are three groups of such conditions that are
determining the following:

1. Parallel operation with integrated power system by rigid
constraints admissible for output of full capacity of compact
power systems in integrated power systems including in
maintenance operation modes;

2. Parallel operation with integrated power system by low
constraints admissible for output and input of capacity up or
30% of full capacity of compact power system;

3. Autonomous operation mode with no connection with
integrated power system.

Each conditional group creates its own specifics and,
consequently, operation and maintenance problems relating
particularly to the control of compact power systems (CPS)
operation modes. [1] Analyzing these issues the tasks for
solution are formulated.

Operation of compact power plants (systems) in parallel
with integrated power system takes place by rigid constraints.
Drawbacks of reliable operation in case of rigid constraints are
minimal.

III.  SIMULATION OF SYNCHRONIZATION PROCESS WITH
MATHEMATICAL MODEL’S APPLICATION OF TWO
GENERATORS

The most important is generators synchronization process
with limiting power system. At that part offering power
system model containing two synchronous generators with
primary engines.

Systems load modulation grapple with statically active —
inductive load (Fig. 4.).
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load’s equations [3].

The mathematical model of synchronous generator is
represented on the basis of differentiated equations Park-
Gorev on active-induction loads in d, q, 0 reference:

JSS

Fig. 4. Scheme of mathematical model. (1.- excitation; 2.- the engine; 3.-
the engine control; SS - load).

Mathematical model of synchronous generator in d, q, 0
reference: [ 2, 3 ]
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where

v, » P, -are the components of full flux linkages in d, q,
0 reference;
Ug, Ug - are the components of instantaneous values of
phase voltages in d, g, 0 reference;
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ig, g - are the components of instantaneous values of 4)
phase currents in d, q, 0 reference; R _x X 0 U
Ry , Ry, - are the active resistances of phase windings (in [Zsm]:{ st StL} [LStL]:|: st } [Ul]:{ ‘“}
case of stator symmetry Ry =R, = R); X Rew 0 Xg Ug,
Ue,i;,W,,R; - are the components of voltage at where

excitation winding, current in it, full flux linkage with it and
active resistance of this winding;

Ty - the resulted inertia moment of a diesel engine in per
unit’s system;

My - determined from prime mover’s mathematical model
of internal combustion engine.

Where

Wy = Xyig + Xl + Xyips
W, = Xy + Xyglos

W = Xglg + Xiig + X 4ips
Wp = Xagly + Xaaly + Xplps
Y, =X

alg T Xqu.

Equations (1) could be transformed into matrix form.
Further on the equations are represented in matrix table: [4]

ly Q| 0 0 0 0 Ug a3 Ay A ly B,
d iu 0 Q 0 0 0 Uq QG 8y Ay Ay By iq B,
E i' =0 0 Q3 0 0 x| uy (+ ay Ap Ay Ay A (X i' + 83 -
iD 0 0 0 Q 0 Ug 8y 8y 8y 8y A o B,
iQ 0 0 0 0 Qs uu a5 8y Ay Ay A5 IQ Bs
Q 0 0o o0 o] [ulH,
0Q 0 0 0|ul [H, 5
=0 0 Q 0 0 |xuy|+|H, @)
00 0 Q 0} |u| |H,
0 0 0 0 QJ|u] [H;
or d
“e]=[0x U ]+ [H
9 D)= [0 e B &)
where

a;, =-R,Q, alz:Xq‘aQn a;=-RQ;, a,=-RyQ,, alSZXaqul;

8, =-wX4Q,, ay=-RQ,, a;=-X,4a0Q,, 8,=-X,0Q,, a,;=-RyQs;
Xy Xp— X2 X X
a; =-R,Q,, a:2:Xq(UQ;7 an:_WRh ay = Zdad Xop» aXS:Xamex;
, X X, Xy Xg—X2
a, =-R,Q,, a4z=quQ4 Qs = Adde’ a44=*$RD, a45=Xaqu4;
X
ay =—-X4aQ;, 85 =-RQ;, a5 =-X,aQ;, a5 =-X,0Q;, a55=7?;RQ'
XoX;=XZ Xo XX o X Xag Xag
Q= Ad ; Qz—Aq, Q= YER Q= R Q; = Aq
Ad =X X Xp = X4 (Xy +Xp+Xg=2Xyq):
2
Ag =X Xq =Xy
X X, — X2 X X
B, =QUg; B,=0; B, =—=2 gy By=-—"2uy; B;=0
: ’ Ad Ad

[ul ] = 7[LSIL ]% [I St ]* [ZSIL ]>< [I st ]=

Applying all the systems elements of expressions (4) we
obtain the system of current equations of synchronous
generator stator.

Equation according to Kirchhoff’s law for estimated point:

[ISGI]+ [I sez] = [Isn_]
(%)

For mathematical model the equations of synchronous
generator are completed therefore the currents are expressed
by differentiated functions and equations (4) shall be

differentiated. d[ISGI]+d[|562] dflg,]

dt dt dt ©)
Equations of current flows of stator (2), in the main
expression dlr.. form:
[diel] = [Qsei]>< [U1]+[H SGi]

(7

Applying (4) and (6) into equations (7) we obtain:
[U] ]: _[LSIL ]X [mSGlQSG] + mSGZQSGZ]X [Ul ]_ [LSIL ]X [mSGlH se1 T mSGZHSGZ]_

- [stL]>< [mSGIISGl + msezlsez]

®)

Under transformation we obtain the following:

([1]+ [I-su_]>< [mSG]QSGl + mSGZQSGZ] )X [Ul] = _[Lsn_ ]X [mSGlHSG] + mSGZHSG2]_
_[ZstL]X[mSGIISGl +msez|scz] )

Solving equation (9), we obtain the system of variables of
voltage for mathematical model of synchronous generator.

[U 1 ] = [([1]+ [I-StL]>< [mSGlQSGI + msezQsez])]i1 X (_[LStL]X [mSGl Hee + mseszez]_
_[ZSIL]X[mSGl e +Meea s ]) (10)

For system modelling the parameters of synchronous
generator are used in per unit system (p.u.):

stei =1,Thisis: Msei+Ms, =1 (11)

Under the constant load on the first
generator;

If at the moment of second generator actuation the first
remains under the load, m_ =09 if, and m_ =0.1
(accept for the calculations),

than process of synchronization is represented below in Fig. 5.
- 8.

Mg, =1.0
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Fig.5. Synchronization results of two generators — currents by time:
I1- the first generator current;
12- second generator current.
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Fig.6. Synchronization results of two generators — moments by time:
Meml - the first generator torque;

Mem?2- second generator tongue
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Fig.7. Synchronization results of two generators — frequency by time:
nl — the first generator;
n2 — second generator.
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Fig.8. Synchronization results of two generators — phase trajectory.

The model has shown availability of two generators.

On the developed program’s basis it is possible to define
synchronization conditions of two generators with high level
of reliability. To determine possible deviation limits on
rotation frequency and mismatch corner of exact
synchronization. Also the offered program allows to estimate a
size of stator currents and electromagnetic torques of
synchronous generators.

IV. CONCLUSIONS

The existing development trends of compact - electrical
power plants envisage demand of sustainable development of
hardware and methods on process control of synchronization
of generators and sub-systems as one of the most significant
tasks to raise operation efficiency of these systems.

Theoretical preconditions and viable practical analogues for
creation of more efficient systems of ideal automatic
synchronization of generators and sub-systems of PS are
included in the developed research and supplement theory on
construction of adaptive systems on programming control of
objects relocation.

Regarding theoretical aspect it is significant to substantiate
methods applicability and relevance of construction adaptive
control systems of technical objects to the tasks of
synchronization of generators and sub-systems of compact PS.
Practically the whole range of methodological and technical
tasks should be solved for application of this method on the
generators and compact - PS synchronization.

The tendency of wide application of flexible controlled
systems during the latest years observed in energy sector
allows to upgrade the task positions of ideal synchronization
of compact PS. Application of these systems as power
elements allows in more flexible way to form and synthesize
stipulations of systems on ideal synchronization of compact -
PS.

In this paper local power system mathematical model with 2
generators was presented.

The model has shown synchronization and availability of
two generators.
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Eléna Ketnere, Kristina Bérzina, Aleksandrs Mesnajevs. Lokalo baroSanas sisttmu ar sinhrono generatoru sinhronizacijas procesa matematiska
modela izpéte
Kompakta energosistéma tiek interpretéta ka neatkarigas izol&tas energoapgades sisteéma, kura ietver sevi autonomas elektrostacijas un ierobeZota garuma sadales
sistémas atsevisku personu patérétajiem vai dzivojamo rajonu patérétajiem. So sistému jauda neparsniedz 0,5 - 2 MW, retos gadijumos 5-10 MW. Kompaktas
energosistémas var iedalit trijas grupas:

e ar paralélu darbibu, ar vienotu elektroenergijas sistému, ar neelastigo saikni un pielaujamo pilnu kompakto energosistému jaudas piegadi, tai skaita

remonta rezima laika;

e ar paralélu darbibu, ar vienotu energosisteému, ar elastigo saikni un pielaujamo 30% no kompaktas energosistémas pilnas jaudas pienemsanu un piegadi;

e autonoma darba rezima stradajosu bez savienojuma ar vienotu energosistemu.
Katrai grupai ir savas Ipatnibas un lidz ar to noteiktas ekspluatacijas un uzturéSanas problémas, kas saistitas ar kompakto energosistemu (KES) ekspluatacijas
reZimu kontroli. Balstoties uz Parka-Goreva diferencialvienadojumiem, tika izveidots divu sinhrono generatoru matematiskais modelis d, g, 0 asis ar aktivi-
induktivo slodzi. Izstradata programma palidz ar augstu ticamibas pakapi noteikt divu generatoru sinhronizacijas nosacijumus. Atrisinats uzdevums, lai noteiktu
iesp&jamas grieSanas atruma un fazu nobides lenka novirzes precizas sinhronizacijas gadijuma. Turklat izstradata programma lauj novertét sinhrona generatora
statora stravas un elektromagn&tiskda momenta lielumus. Sis pétijums pierada divu paraléli ieslégto generatoru matematiska modela efektivitati.

Enena Kernepe, Kpuctuna Bep3uns, Anexcanap MecnsieB. McciegoBaHus MAaTeMaTHYECKOH MOeJH MPOLECCa CHHXPOHM3ALUHU JOKAJIbHBIX CHCTEM
NUTAHHUS C CHHXPOHHBIM I'eHepaTopoM
ITox KOMIAKTHBIMH CHCTeMaMH dJeKTpocHaOkeHHs - KOC HOHMMAIOTCS M30IUPOBAHHBIE CHCTEMBI JJIEKTPOCHAOXKEHUS OTHAENBHBIX NPEANpHATHH X
HACEJIEHHBIX ITYHKTOB, COZIEPKAILUE aBTOHOMHBIE JIEKTPOCTAHLIUK U PACIIPEIEIUTENIbHbIE CETH OIPAaHUYEHHON NPOTSKEHHOCTH.
IMoTpebisiemMast MOLIHOCTB B TAKHX cHCTeMax He mpesbimaet 0,5-2 MBT, pexe 5-10 MBT.
KoMmakTHbI€ - 9HEPTrOCUCTEMBI PA3INYAIOTCS O YCIOBUSIM HX Pa3AelbHOM, MM COBMECTHON PaOOTHI C MOIIHBIMH HEPIrOCUCTEMAMH.
C 10CTaTOYHOM SICHOCTBIO BBIAENSAIOTCS TPU TPYIIIIBI TAKUX YCIOBUM, ONPENEIISIOMINX:

® [apaIeNbHYI0 paboTy ¢ MOIIHOM HEPTrOCUCTEMOI IO CUIIBHBIM CBSI3AM, HOITYCKAIOIIMM BbIIady HOJHONH MOIIHOCTH HCTOYHMKOB KOMIAKTHEIX - OC B

MOIIHBIX SHEPrOCUCTEMAX B TOM YUCIIE B PEMOHTHBIX PEXHUMAX;
®  [apaIeNbHYI0 paboTy ¢ MOIIHBIMU YHEPTOCHCTEMAMU 110 CIA0BIM CBA3SM, JOIIyCKAIOIINM BbIgady U npueM a0 30% M0oIHOH MOIIHOCTH KOMIAKTHBIX -
2C;

®  aBTOHOMHBIH PEKXHUM PabOTHI, KOT/A CBS3b C MOIIHBIMHI YHEPrOCUCTEMaMH HMOIHOCTBIO OTCYTCTBYET.
Kaxmast rpynma ycloBHil co3iaeT cBOM OCOOCHHOCTH M, COOTBETCTBEHHO, NPOOJIEMBI KCILUTyaTalliH, CBS3aHHbIE, IIPEXKIE BCErO C YIPABICHHEM PEeXUMaMH
KOMIIaKTHBIX - OC.
Ha ocnoBe nuddepenunansupix ypaBHeHui [1apka - ['opeBa pa3paboTaHa MaTeMaTHYeCKasi MOJIEIb JBYX CHHXPOHHBIX T'€HEPaTOPOB COM3MEPUMON MOIIIHOCTH B
ocsix d, q, 0 Ipu HaMWYNK aKTHBHO- HHIYKTHBHOU HAarpy3KH.
Ha ocHOBe pa3pabOTaHHOH NpPOrpaMMBI MOXKHO C BBICOKOH CTENCHBIO JOCTOBEPHOCTH OIPENESNIUTbh YCIOBHS CHHXPOHH3AIUH JBYX IeHepaTopoB. UTOOBI
OIpe/IeIUTh BO3MOXKHBIE IIPeebl OTKIOHEHUH OT JacTOTHI BPaIlleHHs: H HECOOTBETCTBHE YTy TOUHOM CHHXpoHHU3auu. Kpome Toro, npennaraemas mporpaMma
MO3BOJISIET OLCHUTH pa3Mep TOKA CTATOpPa M AIEKTPOMArHHUTHOTO MOMEHTa CHHXPOHHBIX I'€HEepaTopoB. DTO HCCIIeJOBaHHE IOKa3bIBaeT pabOTOCIOCOOHOCTDH
MaTeMaTHYECKOH MOJIENIN IBYX T'€HEPaTOPOB.
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