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20, Study Of Ferroresonance In Electric Metworks Taking Into Account The Generalized Model Of
Maonlinear Inductance

feegmatoy Shavkal Brnstavich
Khall=itaeva Khalida Ishiiyazevna
Busmukhamedova Sscdakhan Allsheroyna

Abstraet: Aeguirements for reliable power supply of consiemers determine the need o study operating modes of slectncal
systerns with the probiem of domage to efectrieal squipment in siectrical networks due to ferroresonance phanormena, In this
regard, on effecthe method s proposed for the analysls of ferroresonmnce arlsing bn efectrical networks between efectramagnetic
transformers and network capacities, taking Into account the generalized model of the nonlinear inductonce of the voitage
transfarmer, The analysls mthad maloes it pessible 6o abtain qualltatively new and foirly securate analytlcal expresslons far dhe
ruemirical calculathon of ferroresonant egubvalent orcits
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Requiremaents for refiable power supply to consumers detesmine the need to study the operating modes of electrical
systerms that lead to damage to electrical equipment and @sruption of power supply. One of the Important reasons for the
amargenc of such maodas |s terrarasonandd phanamana (FAL 1t s argued that the most common causes of damage to
Insulation monitaring valtage transtarmers are darth arg faults and fesroresonance betwean the netwark capacitance and the
Incluctance of thie poser sbap-<own transfarmer,

I the slectric power industey, FY occues in electricsd networks dising the farmation of decute with slectromagnetic
transformaers (EMT) and network capacithes, characterized by long-term overvaltages and current averboads of voltage
transformer windings due to abrupt saturation of the transformes magnetic drouts,

Overvoltages arluing In this case are also dangerous for measuring equipment and pratection maans of power equipment.
(1}

The task of analyzing Fa In electrical networks raguires the craption of mathematical models and an analytical calcutation
af ferroresanance that allow ane to abtaln gualltathve characteristics of the process.

Baged on the impartance of the problem of rellable posser supply to consumers, It s prapased to analyze the eouivaient
elreuft ol ferroresonance with EMT and netwark capacitbes [Fig. 1) taking Inta sccount the generallzed madel of nonlinear
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where [s the approximation of the Websr-ampere characteristic of ML obtalned on the basls of the magnetization curve 8
=1 [H), Cie 16 the equivalent electramagnetic capacitance of NI, s the equivalent activie conductivity of NI Ls s the beakage
Inductance of M1
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W apply expresslon (1) foe the equivalent drout of femoresonance EMT and nehwork capacibies (Fig. L) with the asumption that the

2
parETEters g, C ane Lo are corstant and then we have f—IC'd e +I.l'd—w+ﬂ'w'+ﬁu"ﬂ + ¥
dr o Lo

(2)

whiere 5C 15 the total electramagnetic capacitance of the N| EMT voltage, is the approximation ol the Weber ampara
chasncteristic of the NI EMT voltage, 5 the actlve conductivity of the NI EMT valtage; Lo - dissipation inductance NI EMT
voltage [4].

Tabdig e wodbage of Ehe bramsforres angd talding irbe accourt the accepted approxdmation of the Webe-ampere characterhitlc of tha NI,
it frllowem:
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Based on (1), Itis possible to construct the dynamic characteristic of the NEEMT voltage, wiich is its dynarmic ystereshs loop (Fig.
(s}
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Fig. 3. Dynamic hysteresis loops of nonlinear inductance
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5§ =Z E “the tatal acthee conductivity of the NEEMT valtage le detemmined by the dynamic coercive farce of the

rragnetle cora materlal, If, induction then,
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Hr;-.:i =H£__ +0.1 Zimaﬁzﬂs J2e—1 (5]  wehene i the saturation indisctiorns -

coendve hante; - the thickness of the magnetc rmaterial; - elactrical condidhty of the magnetic material i the modulstion fackor of the cone.
'With comsidering,
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Lat"s gat the squivalent active resistance of Ml EMT voltage,
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Frorm [2)we determing the aguivalent parameters Cand Lo of the NI EMT valtage.
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Thius, exprssions (7, (8) and (9] defining the equivalent parameters R, C and Lo of the NI EMT voltage are characterized
by a sufficiently hgh accuracy in comparison with the known calculation formulas,

The use af the equivalent parametérs of the generalized Ml model alows obtaining more accurate analytical expréssions
when calculating the equivalent circuit of terroresomance with EMT and netwark capacities,
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