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yLJ ,QIUDVWUXFW XU HrRR ®GGDDIRIUAND WHBLAHIBGLQJ WUDQV

IRUPHU D WKHVLPSOHVW GXDO UHSUHWH®WIDUWLRQ RI WKH ¢UVW ZLQGLQJIRUDOO RS
FXLW FRQGLWLRQV E WKHVLPSOHVW GRDORUHSUHVHQWDWLRQ RI WKH VHFRQG ZLQGL
DOO RSHQ FLUFXLW FRQGLWLRQV F DGOVWGRQ RI WKH OHDNDJH LQGXFWDQFH WR FR
WKH FRQWULEXWLRQ RI WKH OHDNDJH AX[DB3H&QJ WKH VKRUW FLUFXLW DQG QRUPDO OR
FRQGLWLRQV 7KH MR LUQ W FR GQIHFWLRQKRH RSHQ FLUFXLW EH

KDYLRURIWKH WUDQVIRUPHU HVSHFLDOO\LQ GHHS VDWXUDWLRQ

1RWH WKDW WK H@HDNGR ) RQGKTFYWHDD SK\VLFDO H[

LVWHQFH LQ RSH R QAL UFHKEDVX WRIQ/BKKMLH LV QR OHDNDJH

AX[ ZKHQ RQO\ RQH ZLQGLQJ LV HQHUJL]JHG +RZHYHU WR VLPX

ODWH WKH QRUPDO RSHUDWLQJ FRQGLWLRQV D PRGHO UHTXLUHV WKH UHS
UHVHQWDWLRQRIWKH OHDNDJHAX[EHWZHHQ WKHWZR ZLQGLQJV ZKHQ

DW OHDVW WZR ZLQGLQJV DUH HQHUJL]JHG 7R KDYH D XQLTXH PRGHO

LQ RSHQ DQG VKRUW FLUFXLW FRQGLRCVVLR%WLWIQHQ?VFFDWFD(JB%\F'RPWR PR
QHHG WR EH DGGHG WR WKH FLUFXLWA'GEE @,kgb@%v}g’g*ﬂﬁ 5o WKLo e o
HYHU WKH DG G LW LGREXR MNDKGH © HOD NHFIMHVLW K H EH KD Y L

RI WKH RSHQ FLUFXLW FRQGLWLRQ RI WKH PRGHO RI)LJ HVSHFLDOO\

LQ WKH GHHS VDWXUDWLRQ UHJLRQ yvXEVWLWXWHG ZLWK3VDWXUDWLRQLQG
7KH OHDNDJH LQGXFWDQFH LV QHJO® K O R WAIDRYY | BB TS R BRSOV
HUDWH EHORZ WKH NQHH SRLQW LQ W K k E% ,_Q@LL@,Eggw,BW@b LRQUEKLER BY 7
VREHFDXVHWKHPDJQHWL]LQJLQGXFM"IPSQJ%—\'WH HE E KW R WY MRKPUHW KR Q G|
OHDNDJH LQGXFWDQFH )RU KLJKHU Hcgﬁmvg%w@ymwﬁgﬁd W H Y@B%unu
RIWKHPDJQHWL]LQJ FXUYHV GHFD\V MWRNWKH PO 1Y ERe: W KA SOV RME P W K H
XUDWLRQ LOGEXEWDRIRHIKLFK DUH RI YWih Y PRlUPHU LQ GHHS VDWXUDWLRQ 6
RUGHU RI PDJQLW XWXV R MKPQIFHIN g (¢ b ' WJGHWHDQVIRUPHU DV VKRZQ LQ
FRQGLWLRQV WKID Bl HE @/XRH WMKRIFOHONWRIH Ry YRVHEQW WR REWDLQ WKH HTXI|
FLUFXLWFDQQRWEHLQLFQ]D\MEWl-uFWW\@W#@wLDdH@gRIlWIKHPR@# ZLWK UH
GXFWDQFHV DUH UHTXLVLWHYV IRU QRWYPPONRE H WEWHUR B B0RMK & SPIUR% R\ 1
WKHPRGHO VHH JIKIW FDRGHV D PLVP QW Rk FHWEH HOFOXGLQJ GLUHFWLRQ DQ
WKH WHUPLQDO PHDVXUHPHQWYV DQG WKH EHKRYLRIHBRWW KB RREEWDBILQ VLP:
> @ LQ WKH GHHS VDWXUDWLRQ UHJ'—B@ ARy B & HIDRVRIPRIQW K k M\ PA R R N x Dw L
JHQHUDO IRUPXODV DUH SURSLR%HGWB§¢W(§W\DF®0MEP§FEQSQ@WU R1 WK H/;YIRVO W D

bae _ WKH IXQGDPHQWDO FRPSRQHQW RJ WKH
1) Derivation of the System Equations/ R UHW UR ¢ W5 \¥ KWWY v

PLQDO EHKDYLRU RIWKH PRGHRO. L,(QnGHHSVDWXUDWLRQ

QHHGV WR EH FDOF)(IQJDWIHGBODR/U/\ULHEF\M/P@\X TXLYD A B

OHQW FLUFXLWV W MQ4 UPRR) B OM HRU oWt im: Bleaici By 1= gr
WUDQVIRUPHU 1RWH WKDW LQ HDFK FDVH WKH VHFRQGDU\DQG WHUWLDU\
ZLQGLQJV DUH RSHQ FLUFXLWHG DQG WKH GXDUPEH Q W RIG RRGIW IV VHDYUHH W R U V
UHPRYHG IRU WK HROQUD OADVWX VDQEIR Q LQGXFWDQFHV DUH

PHDVXUHG 7KH SQULIPDM\RALVQIBE Zd/W K () KEHLG ;.07 | [v] = [11, v, .. v,,0,0,...0]" .
YROWDJH VRXUFH WR GULYH WKH WUDQVIRUPHU LQWR GHHS VDWXUDWLRQ
DV UHFRPPHQGHG LEIOL@I WKIFIRRIGTXH LV EDVHG RQ

WHUPLQDO PHDVXUHPHQWY WKHUHIRY,WKEWRS R GRI WR KWz BB S LW U
LV FRQVLVWHQW IRU WUDQVIRUPHUVlﬁlUVﬁi' R A WKRWY V%QDQ,MR%Q)JF@-\)%

WDQN VKXQWY EHOWV HWF +RZHYHU WKH GHHSVDWXUD LRQLQGXEWDQFH
PHDVXUHPHQWY DUH DIIHFWHG LQWKHSUHV@P HRIWKHYHWUDQVIRUPHU
SDUWV ZKLFK FKDQIHLW.KHLYD XKW RW H U P33 mg L2 L

SDLU FRUHLQGXFWDQFH > @ FDQ RQO\ EH X¥kaT&lh (5295594]FRL0 RU D
WUDQVIRUPHU ZLWKRXW FRUHDQG WDQN 7 K[H]WH ERILHLILIQ WKLYSPSHU LW LV
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IRUWEKHQGLQIJWUDQVIRUPHUY 7KHIROORZLQJHTXDWLRQVDUHRE
WDLQHG ZLWK WKH VDPHDVVXPSWLRQV SUHVHQWHG LQ 6HFWLRQ ,, $
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ZKHBH LV WKH HTXLYDOHQW UHVLVWDQFH FRPSXWHG IURP WKH
VWDQGDUG RSHQ HIQWFX WAR FUHHDBMVDHMHOQW WKH LURQ FRUH
ORVVHYV

vay DU 987,087,212

5HYHUVLEOH PRGHOV IRUWKUHH DQG IRXU ZLQGLQJ WUDQVIRUPHUYV
DUH GHYHORSHG D QGWHRLGPWH&EH @ RVKHOV DUH LP

SOHPHQWHG IRUD NO9$ 9 ZLQGLQJLVRODWLRQWUDQVIRUPHU

7KH FRPSOHWH GDWRUWHXGEKPMQVNURQY OHDNDJH LQ

GXFWDQFHV EHWZ IGHQ DL | VVFDIWDQUMD WILR Q LQGXFWDQFHYV

DQG UHVLVWDQFHWRNGHWHWUBQWDIZYRIGADEOH LQ > @

7KHUHYHUVLEOH PABQ@H® K WHARPBSPQYHQWLRQDO PRGHO

FDOOHG QRQUH Y BWPH.EDHURHPGIAV D RU YDOLGDWLRQV

LQ GLIIHUHQW WUDQVLHQW FRQGLWLRQV

,Q WKH QRQUHYHUVLEOH PRGHO DOO SDUDPHWHUV DUH GHULYHG
DFFRUGLQJ WR WKH JXLGHOLQHY SUHVHQWHG LQ SUHYLRXV VHFWLRQV
H[FHSW WKH QRQ OQ QWKLY PRIEGIFK WWKH PDJQHWL]LQJ
FKDUDFWHULVWLEW RRXW WMKHQRERHBUBEFWLRQV SURYLGHG

LQ 6HFWLRQ ,, % 7KH VDWXUDWLRQ LQGXFWDQFH Rl WKH LQQHUPRVW
ZLQGLQJ LV XVHG WR DGMXVW WKH PRGHO SDUDPHWHUV ZKLFK JLYH
WKH FRUUHFW WUD@®KHHIQQM EHRBYMRILR GLQJ 1RWH

WKDW WKH VDPH ZLQGLQJ UHVLVWDQFHV DUH XVHG LQ ERWK PRGHOV
7KHUHIRUH WKH ISHUHQURD/QFHWHGRQ O\ GXH WR WKH XVH

RI'WKH ZURQJVDWXUDWLRQLQGXFWDQFHV LQ WKHWUDGLWLRQDO PRGHO

A. Three-Winding Model yLJ YJLUVW SHDN RI LQUXVK FXUUHQWYV WRIYDOL
LOQQHUPRVW ZLQGLQJ E LQQHUZLQGLQJ DQG F

7TKHPRGHOIRUWKHWKUHH ZLQGLQJWUDQVIRUPHULVREWDLQHGIURP
WKH ¢ UVW WKUHH ZLQGLQJV RI WKH IRXU ZLQGLQJ WUDQVIRUPHU XQGHU
VWXG\ 7KHIRXUWK ZLQGLQJ LV OHIW GLVFR! $ggzggvg8§f§gg(svl73($ 051506 )25

1) Inrush Currents: 7KH WUDQVIRUPHU LV HQHUJﬁHG}WﬂﬁfJ(R?ﬁJ $16)250(5
VZLWFK WKDW FORVHV ZKHQ WKH YROWDJH RI WKH VLQXVRLGDO VRXUFH LV
FURVVLQJ]JHUR 7KHWUDQVIRUPHULV GHPDJQHWL]J]HG EHIRUHHDFK HJ[
SHULPHQW )LJ HLIDRFXNUWEDRMAMWWKWKIHYHUVLEOHPRGHO

LQ FRPSDULVRQ WRHWIRICBIRQ UHWKUWEB®H WKH QRQ

UHYHUVLEOH PRGHO RYHUHVWLPDWHYV WKH LQUXVK FXUUHQWYV E\

DQG IRUWKHVHFRQGDQG WKHWKLUG ZLQGLQJY UHVSHFWLYHO\

7KH FRPSDULVRQ RI WKH UHVXOWYV IRU-LQl%XV5§552§(?9975$(€9(/(¥Yé\és|§(\-/$1S-éJo|;|/¥7|z|-92;/\/7!:'(6
LQ/7DEOH, 7KH GLl'H"'HQJW&wanlﬂ%%%@)ﬁlvl*ﬁsue)zsow $1'$ p ) &3$’&,725LQ YROWYV
DQG PHDVXUHPHQWYVY DUH DERXW

2) Ferroresonance: )RU IHUURUHVRQDQFH H[SHULPHQWYV D

) VHULHVY FDSDFLWDQFH LV FRQQHFWHG EHWZHHQ WKH VRXUFH

DQG WKH WUDQVIRKIRMUWEVIFRUWITHU LV FRPSOHWHO\

GHPDJQHWL]HG DQG WKH FDSDFLWRU LV GLVFKDUJHG EHIRUH HDFK
PHDVXUHPHQW 7KHVLPXODWLRQUHVXOWVDUHFRPSDUHG WRPHDVXUH
PHQWY LQ 7TDEOH ,, 2QKIDAMWD Y REVHBXEBBRWURRWHRX®WHWH FDOFXODWLRQ RI IHU
DUHLQ JRRGDJUHHPHQW ZLWK WKH OBEHRQDBWWR & HRMHZDNHAD V& @RV HMMLUE QE O |
VDPH WHVWYV DUH SHUY) RQBHBABRSDFKERYY WKDQ

DQG VDWLVIDFWRUR U¥Y\DHYW WAKLDK HDB) kedomaghdtity IHdeiced Currentss HRPDJQHWLF LQ
(073 VLPXODWLRQV VKRZ WKDW WKH GRQUHYWWVV & BRCAHRAAIRXYNODD Y BQWRKH V X U |









