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Studying transformer paper in a strong electric field
Palchykov O.O.
Admiral Makarov National University of Shipbuilding, Mykolaiv, Ukraine

Abstract. The transformer paper with a breakdown average electric field strength based on the
Rayleigh model has been investigated. In general, the proposed breakdown mechanism has been
confirmed, that is, in a first step air inclusions are ionized and favorable conditions are created for the
further development of electric breakdown in the rest of the material. The forces that act on air inclusions
have been considered.

Keywords: clectrical breakdown, transformer paper model, electrostatic field, finite element
method.
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AHoTanis. Po3risgHyTa rpy6a nmomMuika 3 TOUYKH 30py €JIEKTPOTEXHIKH. A caMe JOBEEHO, 110
pEaKTHBHA CKJIQJ0Ba CTPyMYy pOTOpPY MpH TEPEeXoJli y TeHEPaTOPHUN pPEXHM 3MIHIOE 3HAK Ha
MPOTHIICKHUU.

Kuro4oBi ci1oBa: acuHXpoHHA MalllMHa, KOB3aHHS,pEaKTHBHA CKJIa10Ba.

JlomoBi1b IpUCBsAYCHA aHAII3Y OJHI€T rpy00i MOMHIIKY 3 TOYKHU 30py €IEKTPOTEXHIKH, 10 KOUYy€
3 MiIpyYHHKA B MIAPYYHHK, 3 JICKIIi B Jekuiro. MoBa Hae o TeopeTHuyHUX Kypcax «Enexrpuyni
MaimuHu», «OCHOBU €JIEKTPOIIPUBOAY». ABTOpP JOMOBIAI TAKOXK TPILIHHUMA, JOMYyCKaB Ty K MOMUJIKY
y CBOIX JICKIIHHUX 3aHATTSIX.

[TinxkynoByBanu n8i ooctaBunu. [lo-nepiie - mpocToTa 10Ka3iB Ta MO-ApPyre pe3yabTaT BipHUH Ta
I ITBEPHKEHUH JTOCB1IOM.
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Y acMHXPOHHOI MallIMHU TIPU 00EPTaHHI pOTOpa MapaMeTpu OOMOTKHA POTOpa HACTYIIHI:
EPC dasn E, =7-2- f, - wk,,, @ =s-E,,

062" m

n —n
TYyT § = ——— — KOB3aHHS;

n,

f, =8+ f, —4acToTa nepeMartidayBaHHs POTOPY;

f, - 4acToTa HanpyTH KUBJICHHS;

E =1 V2 f, -,k , @ — EPC dasu poTopy npu HEPYXOMOMY IOJOKEHHI POTOPY;

X, =0,L, =27 ,L, =5-x,;

X, =27f,L, — peakTUBHHI Omip (IHIYKTMBHOIO XapakTepy) (pa3u 3araibMOBaHOTO POTOPY.
JlificHe 3HaYEHHS CTPyMY POTOPY:

I _EZS_ S.EZ .
vz, Jr +(s-x,)?

— +jp2 :
Z, =z,& =7, + jsx,-

r, s-r,

Jr +(sx,)’ Jr +(sx,)’? '

Jl1s1 akTHBHOT Ta peakTUBHOI CKIIAI0BKX CTpyMy 1,  OTpUMy€eMoO HACTYIHI BUpa3u:

cosp, = ; sing, =

sE, -,

s-E, -sx,
r+(sx,)’

r+(s-x,)’

Izsazlzs'COS(pzz ’ lzspzlzs'SlngDz:

3HaMEHHUKH JIBOX OCTAHHIX BHPa3iB MICTATHh KOB3aHHS B JIPYroMy CTYIIEHI, OT)KE, 3MiHa 3HAKY
KOB3aHHSI HE {CTOTHE, TaK SIK (4s) = (—s)’ - B YHCENBHUKY BUpa3y [, , KOB3aHHs S y MEPIIOMY CTYIICHI.
Tomy mpu 3MiHI 3HaKy KOB3aHHS 3MIiHIOE CBiii HANpsiM HAa BEKTOPHiH iarpami Ha MPOTUIICKHHIA.

VY Bupasi IZSp YHUCEIbHUK MICTUTh KOB3aHHS B JApyroMmy cryneni. Ha miif mizctaBi pooumo
BHUCHOBOK, IO PEAaKTHBHA CKJIAQJ0Ba CTPYMy pPOTOPY IpH 3MiHI 3HaKy KOB3aHHS (IEPEXOIUTh Y

TE€HEPATOPHUHN PEKUM) CBiM 3HAK HE 3MIHIOE.
[Tapagokc nomnsrae B ToMy, 1110 BUCHOBOK BIpHHIA Ta MiATBEppKEHUI 1oCBiAoM. OIHaK MpH J0Ka3i

JoNylieHa rpyOa IOMMIKA, a came: B TPaKTyBaHHI PEAKTUBHOCTI X, . JlHCHO, x =2fL ,
f.=s-f =2xf -s-L,- [Ipn 3MiH1 3HaKy KOB3aHHsl Hi 4aCTOTa HE CTAE€ HETATUBHOIO, Hi IHIyKTHBHICTh L2
HE TIEPETBOPIOETHCS B EMHICTh. BHCHOBOK: i yacToTa f, i PeakTHBHICTh X, NPONOPLIHI MOYIIO
KOB3aHHS ‘S‘Ta HE 3aJIC)KUTH BiJl HOTO 3HAKY.
3 oAy Ha ckasaHe, Bupas3 s | 250 CJIiJT 3aMMCaTH Y BUTIISAIIL:
s-E, -\s\xz
2sp

B 4 (sex,)’

3 1bOro BUpa3y HEMUHYYE BUIUIMBAE, IO MPU MEPEXOJl y TeHEPATOPHUN pPEeXKUM, PEaKTUBHA
CKJIaJIOBa CTPyMYy POTOpPY 3MIHIOE€ 3HAK Ha MpOTWiICKHUU. lleil BUCHOBOK mommiikoBuii! B 1mipomy
JOCUThH JIETKO TEPEeKOHATHUCS, PO3IJISIHYBIIM B3a€EMOJII0 CTaToOpa 1 POTOPY MAIIMHU 3 OCHOBHHM
Mar”iTHHM I0JIeM. B JOTIOBiII 11€ PO3TIISHYTO IETAIBHO.

The reactive component of the rotor current of an asynchronous machine in generator mode
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Abstract. A gross error from the point of view of electrical engineering is considered. Namely, it
is proved that the reactive component of the rotor current during the transition to the generator mode
changes the sign to the opposite.

Keywords: asynchronous machine, sliding, reactive component.
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AHoTAaliss. B poOoTi 3anponoHOBaHO BUKOPUCTAHHS JOJAaTKOBOIO JU3ENIb-Te€HEpaTOpa MEHIIOI
MOTYHOCTI JIJIsl KOMITeHcallii 30ypeHb Ha CHEProCUCTEMY CyJIHA. 3 METOI0 3a0e3meueHHsT He0OXiTHOT
KEpOBAHOCTI cUCTeMH Oy(epHOro mkepena po3poOsieHO KBa3iONTUMANbHHUIA PETYISITOP 31 3MIHHOIO
cTpykTyporo. [IpoBemeHo MaTemMaTHUHE MOJCIIOBAHHS 3alpPOIIOHOBAHOI CHCTEMH 1 TOKa3aHO ii
edeKTUBHICTh. MOJIeIOBaHHS NOCHIKEeHh BUKOHAHO B cepenopuii MATLAB.

KaouoBi cioBa: eleKTpoeHEpreTuyHa CHCTEMa CyJHA, ¢QEKTUBHICTh, OydepHe Kepero,
KBa310MTUMAIILHUIA PETYIISTOPIO.

3pocTarounii 00CAT MOPCHKUX MEpPeBe3eHb 1 MiABUIIECHHS TOHHAXY cyJleH [1], poOuTh 0co6mmuBo
aKTyaJbHUM 3aBJaHHS MiJBUILEHHS €(PEKTUBHOCTI CyIHOBHUX eHeprocucteMm [2]. Bynp-sika cydacHa
E€HepreTUYHa CUCTEMa Ma€ B CBOIM OCHOBI JDKEPEIIO €HEPTii, 30KpeMa Ha Cy4aCcHUX CyJIHaX HaWO1IbIe
MOLIMPEHHsST Yepe3 HU3Ky IepeBar HalOysid JM3elb-TeHEpaTOpHI CHUCTEMH EHEprornocTayaHHs. Auie
BUKOPHUCTAHHS JU3EIbHUX JIBUTYHIB JIJIsl IPUBOJTY PYIIIiB Cy/THA Ma€ MTeBHI 0OMEKEHHsI, Kl 00yMOBJIEH1
HOTo TMHAMIYHUMH BIIACTUBOCTSIMH Ta OCOOIMBOCTSIMH MEXAHIYHUX XapaKTEPUCTHUK.

JI71s1 TOTY>KHOTO CYJHOBOTO JU3€JIsl ONTHMAIBHUM € PEKUM TOCTIMHMX 00epTiB, 10 MOTpedye
3HAYHOTO 3aracy MOTYXXHOCTi. JlifiCHO, SIKIIO HaBaHTAXXEHHSM JU3EJs € TeHeparop, Ha SKUH NiI0Th
30ypeHHs1 3 OOKy, HANpUKIAJ, €JIEKTPOJABUTYHIB IPOIYJIHLCUBHOTO KOMIUIEKCY, TO TaKi 30ypeHHs
KOMIICHCYIOTbCS CHCTEMOIO YIPaBIiHHSA a00 CTaloTh HECYTTEBUMH 33 PaxyHOK HaJUIMIIKOBOI
MOTY>KHOCTI Jn3ess. 3 1HIoro 60Ky, 30ypeHHs 3 00Ky XBUJIb 1 BITPY MalOTh MPUBATHUHN CKIJIaJ, IO HE
JI03BOJISIE KOMITEHCYBAaTH LI 30ypeHHS TU3eNb-TeHEepaToOpoM i3-3a iHEepTHOCTI camoi cuctemu. s
M1IBUIIICHHS €()eKTUBHOCTI BC1€] EHEPTOCUCTEMH CYTHA 32 METY CTaBUTHCS 3a0€3MEUCHHS ONITUMAJIBHUX
PEeXUMIB poOOTH FOJIOBHUX AMU3ENIB cyAHa [3, 8], Ipu LIbOMY B CHCTEMY BBOJUTHCS JOAATKOBUI KOHTYD
KomreHcarlii 30ypens [4]. Takum 4MHOM, OCHOBHHMH JM3€Tb MAa€ IMOCTIHHY YCTaBKY peTyJIIOBaHHS,
a BIIXWJICHHS, SKI BUKJIMKaH1 30ypeHHsIMH, KOMIIEHCYIOTHCS I0IaTKOBUM KOHTYPOM KepyBaHHS.
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