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Abstract

NEW TECHNIQUES FOR IMPROVING TRANSIENT STABILITY OF
ACTIVE DISTRIBUTION NETWOR KS

Abstract:

The subject of the doctoral dissertation is development of techniques and algorithms for
improving transient stabilityduring disturbed operatingegimesof active distribution networks.
Themainscientific contributions of the dissertation are as follows:

1. A technique has been developetb improve transient stability of small synchronous
generatorsusing coordinatedcontrol of braking impedance and excitan of generator

The implementation of theechnique involves installation afparallelbrakingimpedanceat
the generatdr germinals anda modification of the synchronous generator excitatgystem
Coordinated control includeggscontrol of brakingimpedanceso that in case of disturbarsce
the connected networgrovidesa balanceof adive and reactive power in refime. Excitation
controller keeps transientsof voltage and frequency within acceptable limits.this way, durig
operatingof threephase automatic reclosnd disconnection of distributed generator from the
network, preconditions for stable island operation of genethtoughouta nonvoltage breakn
the connected distribution netwogke createdln order b regulate voltagand frequencyuring
transient process, the modification of excitation systemealizedby introducing speed of the
generator asan additional control variable This ensures dynamic stabilization of voltage and
frequency using onlyontrol of excitationin the defined rangeProposed techniquerovidesa
significant increasef stability reserveprevens frequent i.e. outages of generators and reduce
electrical and mechanical stresses of generators caused by electromechanical distiitbaneges.
there is a significat improvmenbf economic and technical indicators operation ofsmall
sinhronous generatoBroposed techniquaisesreliability of consumers supply in island operation
to ahigher level which is especially important in casesansiive consumer# industry facilities.
Verification of technique for different operation conditions is performeditalnas been concluded
that technique hapractical applicability and can provide stable operation of generators in wide
scope of regimes.he results are shown in the form of dynamic simulation in soft&g8ILENT
PowerFactorywhile experimental verification is performed on laboratory phisics model.

2. A concept is developed and use of singlephase automatic reclose in distribution
network with distributed generation is analysed in order to eliminate temporary short
circuit.

Threephase automatic reclosauses disconnection of all phases @f@hd operation of a
part of distribution network This often leads to outagesf distributed genetors due to
impossibility to maintain stability without special regulation systefplication of singlephase
recl osers and ge nilrasihgephase contiotlurig tramsien pegodnsuzes
only disconneddn of phase afected by fault. In that way, conditions doc extinguishment are
provided if the fault ikemporary Also, partial transfer of electricitto network and maintaining of
generator stability during the fawdte achievedSpecial attentiomas bee placedon the transient
stability of distributed generators anain approachis given to this problem in general case.
Necessary conditions f@roper operation of the singfghaseautomatic reclosé@aveanalyzed in
detail, and a solutiois developedvith an advancedhort circuit switclthat significantly improved
the efficiency of the techniquén order tosatisfyconstraing whichareviolated during application
of singlephase automatic reclose, the modificasiah control systems of distributed generators
have been developetihese modificatiosprovide maintainance of stability of generators and keep
all variables in the predefined ran@incea very large number of faults in tbeerhead networls
temporary,the minimisation of negative consequenaaused by fault occurandecreaseshe
practical importance of conducted research and proposed techAlgadgthms for elimination of
singlephase and twphase fault have begmoposedByYy application of thesalgorithms theg is a
significant imprownent of eficiency of distributed generators byensuring transient stability in
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Abstract

disturbed regimewithout contraintviolations and unallowedperation conditions in m&ork. The
technique can be applied regardlessopology and structure of distribution network aggde of
distributed generators. Verification is performed using dinamic simulation in sofWg8LENT
PowerFactoryand experimental measurement on laboratory model.

3. A technique for centralised balancing of active and reactive power in microgrids is
developed,n order to provide simetrical operation during disturbances in connected
distribution network.

During unsymmetrical shortircuits in connected distribution ngork, a huge unsyetry in
microgrids occurreslt has negative consequences on the operation of consumers and distributed
sources in microgrids. In the disseration an inovative techmitpizh is based oslectricity storage
system withan independent sirlg-phase control of activand reactive poweis developedThe
technique provides stab&peration of microgrid and almost complete elimination of z&@uence
and negativesequence componendf voltages and currents in micmids during disturbaces in
connected netork. Also, there is a significanimprovement of transient stability of distributed
generators during disturbanc&esidesconceptual design dhe system, a new control algorithis
developed in the dissertatio@ontrol variables for regation of active and reactive power are
phase angle and magnitude of voltage. Storage systems that can be used for this purpose may be
multipurpose, becaugbetechnique for supporting transient stability of microgrids does not require
a huge amount of ektricity. Battery can be used for balancitige powerof exchange between
microgrid and distribution network during normal operation.

4. A laboratory model for experimental verification of techniques with braking resistors and
single-phase automatic recloss developed.

In order to verifyproposed techniques phisical modeis developed which represents
equivalent of distributed generator that is connected to thettgwdgh a radial lineConsidering
real parameters gbower system elements that wave used and implementatioof additional
elements as brakng resistors, conditions close teal system are createBesides, a new rgfa
protection system with micropcessor protective devi@dan auxiliary system in order to detect
and remove faults ugy autanatic reclose techniqueave been configuredA wide gpectrumof
faults and operation conditions time developed model is analysed amdomparative analysis of
obtained results by computer sitations for similar conditions is performed. Measuegits on
phisical model completelgorespond tdhe results of simulationsvhich verifies and confirmshe
principe of operation of techniqueBhe results obtained on simulation computer modsisvell as
physical modelsconfirm the practical applicaliy of the proposed techniques in real distribution
networks.

Keywords: transientstability, active distribution networkautomatic recloserelay protection
microgrids.

Scientific field: Technical sciencé Electrical engineering
Scientific subfield: Power systems
UDK: 621.3
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