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RAL7-BRRERE T AW TAERICENCERDRIEOEELZHEATH L o rz, EY
HOREBRESRESIN TS [30 T, BABREIC L > TEEHROMKOELEDAAHE
ZzHETHLIAPOEEBMEEBFL L THETHILHTE, EBD L WIZBERERT
FILEDEXZOFYBUERLAREN S LN TV S, fIziE, SEBHEBOEN-H
TR S L 28 [4, 5], S5 WCENV -7 RBEOBTEHE~OEHG (6], BEZE
BOFMEIZICAL 7261 [7] O, R ERL 728 (8,9, 10, 11, 12) 2 &A%k
ENRTwi,
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T, BYIRBEIRENDOBAERL LR, ZOET ) I REIRKEIC BT HH1E%R
DFMIHEHICL o THADLDPHWON TS DN HIRTH S

AETEIRERBFFAEICBT 25EBMEEOMRE CENIFHMETE 2HEEC /L2
OIZ, BENHEAHE L TEHEBHESORHETRER L ERTHHFEEREL TW5 [13].
FIHEOWFFEL LT, UPFC OflilliEiz HBT 5 7-0IIREREHRAL /- FEEBOH
R L TENMEAMBEY B TERNICZOEBMEE—F 2 FHBEL 726 [14] 2 %, 2h
LT, ABRTREENCHETRERL €O, Thz AVTHBEHROKE & 2 HEF
TH-ODRELELT 5, FIEATRERIE, ENEL VICBWTERELERIETE
RBLEEEBHBLEUCREEFNVERAVWTERLZZDOT, REFERXOKBIZ LY
ERICEHBICEEZBLI LN TE S, ZOERDORHMEIE, FMEREETVE AW/
FEERATIC L o THERT 5. 8612, ZORAML L TRBEREERITIC BT 5 BET A
W — % FHiiL 72 AR 7% O CICHIETTaE SIS ARICFIH L 72 R EEbfl#E ARz ow
THREEIZ 5,

2.2 SEBEIFOHEEREREDE L

—iIS, SEBHEREEERICEIICER SN CBEEERENL TEEZEHMT A2
Lizky, TomAO /) -FEEHOMMEELFHEL, FREL TEXEROFR FIEH
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DI ENTEERNT—IL 7 U= s AR/ TH S, HET 1) A7 HHBOEERMER
DEE - REE(IPFEATE), KEERKIIBVTLEL P TEEL BRI TR L
BND00oHb, BEBHBOBREUHIERICIE, FIETHRRALL I, MAEGREOZ
b@ﬁﬂ%%%@&@é@#%ﬁﬂ%%%%ﬁ&ébﬁt%&@%@if%%énfwéo
TITiE, BRBHBCAOEIND NS OBBEHE—MICERT 572012, BEHIEHEZ
DR F B REFIBER V, LEFIEHREOMELEEL 2 BHERE [, RUEE
WOBBE RN )72 4> AR L r, 2, VT, B 2.1 1R T L) ICEERHER
EETIMET B LIZT S (150

TooXx

TR

X 2.1: BEBHEROET NV EUCREETI

Vs V
|

8< _~

DTTi, K21 0RFEETVE ANT, BEBHEFICI ) FIETREEBRENOHE
BICOWTERMLEIT I 22750, V, BREBBETFERE, Ve BHERABRERE, n KU
o i, FNEFNEEHOERE VT 75 AET 5,

REBIRNERONE I TEEL 2 PakDEFTVEHVWEILIITHE, BEROD
d-q BiEHEIC BT B2 RHOBE - ERMOBHENITKRD L S ITESN B,

Vg = Upg + Vsg + Tslqg — Tslq (2.1)
Vg = Upq + VUsq + Tsiq + Tslg (2.2)
Vg = —Tlq + Tylq (2.3)
Vg = ~Tig — Tyiq + €, (2.4)
Vpd = Ti{tq + Gpg) — Ti(lq + ipg) + Voo SINO (2.5)
Upg = Zi(tq + tpg) + T1(%g + tpg) + Voo COSE (2.6)

)

1L, v, g, z, BREBER, Vi = (v, vs) ZEFIBEBFEOHMNEE, V, @W%q
B ERIBEOREREE, I (Zpd, ipg) \TIEFIE ERBEOHNER, [ = (Zd,"q) FEER
PO RERIZIKNSE IL'C%V) Vi = (v4,%), Vio = (Voo 8ind,v50c0s8) TH 5B,

Wi, BEBHBOEERHEI+TSIIEERTH - T, EHIC lo’((}lié BEOMO
FOBEHIL THIECEETEDIDOEEL bo SHITI, o WHER T, KLoT
REDIEERELH-TED, T, 7 5~108) L KEWETH 570, ) BEBHEED
EEHEOBEIHL CTE—EEE AL TIENTES, 22T, UTFTTR V, % I, Ol
KL 6 RV e, BALL ZVBVEHEREZER T, § & e, 2 —EEE L THI
2T 5,

F/o, ENEERCHEET LAY - BHENE P, Q,, RULFIERIELHET 2H5) -
®HENE P, Q, T 5HE,

P; = vg4tq + Usqlq (2.7)
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Qs = 'Usqid - 'Usdiq (28)
Py = Updipd + Upqlpg (2.9)
Qp = Upglpd — Vpdipg (2.10)

FEON D, EHENIEECHL TEFRIEBLTV AL XFEEL TV A,

L OIHTEST FRERI BT, Py, Q. Py, Q, REEBHBOHRRKS 5\ I IR
L) SEBMBEORERL L TRESN 2B TH D,

EEBHBE R OMCADENDES 25 200+ 5k LAV ¥ —BRE Hi %
WwWZ kR, R (2.7) £ (2.9) DEICE,

P,=P, (2.11)

PEICED LD, 72720, BHEO-DICHEEFIIERL T,

CHIZHL T, K (2.10) D Q, 13, EHIEMEIEFOEBITHAF L TEDOHIEHESRE 5, B
2E, BRREBRBLHCLE, Q HVICHIETRLEEL & 5,

51T, R (28)D Q, BHBRA Y N—FZHVAZ LI X VIMICHETEELEL %
35, BEBHBOSAIET, EFNERSBOHENERE V, 0L KE SFEEOHH
BEEhA720, V., OREBZHETAIEICLY) Q, ZREBWICETAIEE LB, V, DL
HIZowTiE, Bl V, FEEBHESREROBE Y, CERT S L) KHBSh 554
i,

VsdUpd + VsqUpg = 0 (2.12)
DEGEZEMTE IV, /0, V, PEERERICERT2 L) CHBE SN S LS 254
i, EFNEERIC L > TARBNOEZE 2D, RAZEMTIT L,

P, =0 (2.13)

PLEIZEY, V, DMMESEET o720 —F, REOHBOLDIZIZ V, DKEE V, HIH &
NI A, 0T,

Ve = vl + 0% (2.14)

DEFEEH Y, ENREICBT 2BEEOHEIT V, DEZ D O N HIEHBNIHE - TR
T2 LICHLT S,
DRICEh@ESINT: Py, Qs By Qp, THAWVT, R (2.1) 253K (2.10) DIEREHEL S
BREHEACHLILICEY, GRoNV,, § & € 1T B ERAPDEE KD D
EHTE D, ZOLERTEINT 4y, 4, € TRV,

Py = {(zq — zy)ia + €, }ig (2.15)

WEoTHRERENELZFETX S, ZOMRKRE, s DELXZEZ TP, 25ETAZLIZLY,
BHMEABELE S,



10 2% mEBAESIC L 5B REORHE T AEEIROE R L REEE( O
2.3 BAHEZEAHRICE T 2 SEBMBEBOHEIRERE

RIETORBRICET X, FETTIIUTOBMEFN S L TmEBAEF O T REEBORES
(I

DTTik, EVIEERIEERERICHL TEICERTA2EBEEZ HNT L L) BfESH
AL, BHEMELEETHILET S, INiL, HEBIIHFIC SSSC DEEL S
HHZEITHIET 5, T42bb, R (21) 25K (2.11) KRR (2.13) &

P=Q,=0 (2.16)

DEBDOL &ETHMENIIHECHEL L TEAETE S, SHIC, HEBHFOFREIIOW
Tid, U 2 5EBHEOHNEEOKREZ S V, ODRKE, T4bb,

0<V,<U (2.17)

L, BERBHBOBERBELERTHILILTE, 22T, R (217 0#HBEIIBVT,
Vi=00L XTI P, AS—FICHTLD, V,>0%5527-L ZITIEKRN2MED P BESL
b, INLIXENEN, V, PEBEREFRICHL T 90° BEHOBE L EHOB G
LTwa, X217)D V, D&EHBEICIT S P, O#ifZ, 0 /XF7 A—FEELTHRT AT
EICXh, BIHEEAMBECBVYT, SEBHERIC L o THEW L BERL I OHEE
A ERTHILNTE S,

K21 0EEHEATEXERKEFL L T, REBREADC BT 25EBARORIHTAE
BHERD B, K 2.1 ICRHEERE T, BEMI, £ 2.1 1T/RL 71,000 [MVA] OEE
AT 1BICHEHL, PakD3REFVEAVS, REHOEIIERL THY, &
BOYMMAEMHI V, =0pu], P.=09pu], V;=10pu]kl, ¢ D& Z0#isH
DEFBONLEEZHEL 720

ERBHBROHS V, % 0p.u)(V; = 0), XEREFRICHL 90° EARUEROFTAY
F01pu] (V,=U)D3@EYICEEEL, R (215D P, & § DEFRZ MBI KD, &
BN 22 108 T, ARCBWTERBHEZIIARE —S#IC X > THEIN S8ENT
REBENTHHCIHBTELEEXON 5,

#£21: VATFLOERK
B (Park ® 3 KE7 )V, 1,000 MVA X— R)
EHEIEHY 77 ¥ A z4=1.79 p.u
EEEE) 72 ¥ A 2, = 0.355 p.u.
WEFEHY 72 ¥V X z,= 166 pu

TEL 4 B B R TE 2K v=1T90s
e M = 7.7527 s
il EhHRE D=20pu

R (500 kV, 4,000 MVA base)
EERYT 2V A 1= 05352 p.u,
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1.6 9{= - v, = 0.1 [p.u] (agging)
1.4 e V=00 [p.u.] I
---V,=0.1[pu](eading]| -~ 77~
1.2 T T
[ eiie T
< 10 Sttt I
. o X
S 08 i N
[} Lo 3
Q‘ 0.6 y I', -,c \"};
Lo b
0.4 S Y
0.2 /f'..:;'z \
0.0 427~ >
00 05 10 15 20 25 30
8 {rad]

2.2: BEFEET VRS RKDI-EHHESMAE

K2, BEBHBOEERE U % 0.05[p.u] EZAT0.2[p.u] TTERZHEDOHIHETT
REEIBOEILE RLI2bDHFH 23 TH b, FAREASLE, § =05 [rad) HEHD S EIHE
ZRAMBOTELEF TOERICBNTE, SEEBHEBOEEICN L HIHTEZEHEIZ
FITHBIOBERICH Y, FTASEBMEBZORDERICAT 2RERBNOLEDORENIZ
IZ—ETHLI VDI BE, THIZFL, § A% 0frad] 7213 7 [rad] IZHD < & KT 5EE
B 252 bbb,

1.44{—U=000[pu] TEIEEERT
1.2 = U=0.05[p.u] i
Bl EEE U=0.10 [p.u] e
1.04]---U=015[pu] z
_ - =U=020[pu]
s 0.8
&
2 06
0.4
0.2
0.0
0.0 0.5 1.0 1.5 2.0 25 3.0
6 [rad]

2.3: BMEBHEGOEE & T RS

2.4 BREHERETIC L2 HIER] REREORGE

FETI, AIEIC BV TR 2.2 OB TRO B EBHERZOHIM T FEERIZ DT, PSCAD-
J/EMTDC [16] % iV 7z BREHERBATIC X A REEZ AT Do B 24 IORTRHEET VL, BER
TR V- R EELHEIC BT 0% 8] THRONLEBRERIIHIELA-ETVTH
D, FOFELVIER L EREROFREIC OV IR (9 ICB<bhTw 5,
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6 units
| unit —
3¢, 230V, 10kVA 230V/460V, 460V

RS  10kVA v %
L, R —s N Xg pE
Pt I o s fe
Pe—s usl 1 T T T EE

(Po,=TkW) $F e g =010

o) _

tﬂﬁ%& V. = 0(0st<ta)_’ — LL—26mH

IRIEIESTE 0 'T0V (<) HABE | 10 AC/DC | Cp=33F

EELTHRAE — HHE Inverter Xg =5.2mH

C = 700uF

70V F

X 2.4: BRE{EBF OO OREET I

SEBAARE REICEIICERSNZ 3EOEMPWM 4 Y N— D EHITHIT 1 20OE
MEBEBRICEBREINLEBRE > TV, £PWM A N—F ZHBIREHRET, HHE
EV, DMl ERBRERICERT S L) IHBET 5, BBERAOBES /S nET 5
L, BREREFRLE RROBTHEDENOEZII Vw70, FEE EIZ, SSSC & &Mk B %
T 5,

K 2.4 DRFETNEHWT, REROBEGREFICSESHEEGZHEL Z5EICREE
BEABEDL S ICHIE SN 222 R/AT, ENEEAMBEIC BT 5 HIHTEEHERT KD
5T L rxAA, BITTIE, BRERGE CIHESHESBEL, —EOMBERERRO %
ICHBEIZEAERT ALV INEEESE LB LIz, COLEDD LT, BEBHERIC
L AHIHE 7D R VA O RIBERGEREEIL 0.19)s] Th o7z, MEREL t =2.0[5 &
L, MEMEERE% 0.19)s) & L72L ZEORBERBNOEERZK 2512, BEFHDIRER
(4262, BH—HEAFETOREZ R 27128,

B A FERR R B ORI L T, BEBIR 25001 2.7 IR L D1, FEED
Y TRIKRELSEET S, £2C, BETH I 25&K (6 =2.60[rad]) &% o7zt =2.70s]
225t =3.60)s] TTOBEEIZOHEF DD LM (¢t =t,[8]) BV TEHEBHERFIIRK
HOBEEZ AT v 7TRICHB N SR LHEOBT LT ) Z LI L7z, EEBHEFOHMEZ]
to (| LTI, B2525H 2.7 CRLEAERAT

1.0 g N (/\ / 23 é /
o8] N o N \ / 20 / \
203 \ / R W \\
al 04 E \ / “ 10 ;
023 / 05 \\ /
°-°':'.—k...”1j.,...... 00\‘/
2.0 2.5 a0 as 40 20 25 3.0 35 40

t[s] t{s]

X 2.5: BEHBHEIIOILE X 2.6: @EEFAHDLE
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" [Equilibrium Point} //_’_ @
3 /[ AN
08 S
o —
2 06 t=2.70[s]
= 04 L= 36003 //' |
023 / ~ I
3 // I M=y
0.0 SRS S L — e
05 10 15 20 25
8 [rad]

X 2.7: £ —HEEAFELOHH

Tz RE P OIBIE LT, =30 DL FiZ, HEBHEBFIIAERERIIAHL T’
BNAMHORRENEEZ A7 v 7HRICHE SELGE0HBMERZ K 2.8 KUK 2.9 12
N

25 26
—P, 24 P
20 - = - P, without regulation } H \
' . 225, =123 (radl} N
[Phase Shifter is activated. (t=3.0{s] )] 20 /
';‘_ 15 E o B 7 / [Phase Shifieris acliv::wd.(t=3;0 is)]
a’ 1.0 7 e “© 486 —— —
B 1.4 / / ----- & without rcgulat.ionl_
0.5 -1— 1'2 /
0.0 e e T e 1.0 ST e aaaanaaasl
2.0 22 24 26 2.8 3.0 2.0 22 24 26 238 3.0
time [s] t{s]

XK 2.8: BEBRE N OIS X 2.9: BlEFHOIRE

XK 2.10 KUK 2.11 &, K 2.8 RU'E 2.9 OS5 RBHHSENHH S -85 % FhFn
KL72DDTH 5,

210 »5b05s L), BEBHBOMEIC L - TEERBENITEATELREDD
DD, #50[ms] THMTERLZHBELOMBICPET 5, A, SEBHEZOREEZITD
ek EOEEE AP, T ETREBL TH-HETH S, £2T, 2O AP,=0.25 [p.u]
PERBHSFICLVHH SN RERENEL L TERZ LI LICT A, BEBHEZBZOHE

25 ve |
|P=0.93 {puy (1=3.0(s])} E==“3° pul = T
20 [P=Li4[pnl PO I N SN SRS NS SR B, =i S reee
318 20— [5=246[mdl (t=30051)]
E" _...._1.._._. ._\1._\74%1_._“”“4@ 18
= 10 e — »
08 I [—E | 1.4 ! ----- & without regulali;l.
Ns‘ = 0'2': lpul] l- - - P, without regulation| 12
0.0 .l, 7 1o .

time [s]

T
296 298 3.00 302 304 308 308 310 3.12

4 2.10: REHLDOIRE (FLAK)

T LIS It S I B S e e e e 2
296 298 3.00 302 3.04 3.06 3.08 310 3.12

X 2.11: REFADRE (FLKH)



14 2% HHEBAHEIRC L 2 EREOGE T EEEIRO E R L REEE(LD Tl

02 —, @I b pnopiow ik
g ol VUV
"E' 0.0 ';./*"\/.“'['. i 1( \} J\ IH\
é_m <8 I )( l “ I “ I 1 \
= JIRJAAVA A

296 2.88 3.00 302 304 306 308 310 3.12
tis}

2.12: BmEEMEFOHUNERE (HAK)

2470 ERIOR BB D093 pu] THozZ eh b, BEBMHEORMEIC L > TEHR
TELRARENEILIS pu] L EXHILNTES, T2, H 211 OREFHDLEE A
b, BEBHEOHMEICHT 2B8ELEIALNT, RIHTRELAX I, HETFA
DIEEL D S REREDOHEITESERINTVBEIEFDD» 5, K 211 2°5 t =30
[I2BNT § =246 [rad] TH 5, & B, K212 IEEBHEFOLNER v, FEEHER
ip WXL T 90" BRAHEMEL TV A LA HALALERETH S, LLEOEREPLS, BN
MEAWMBOLPT, (6,P.) =(246,1.18) Dm%, BFEEMFITIC L o> TRO-FHEBHEE
DHIEFRELLTF Oy b THI LN TES, (213 28R)

D EOFIEIH->T, BEBHBOBLHNEORR ¢, £ EX 5 LIZL>TENHES
B % RO EFK 2.13 TH b, 72721, § > 2.6[rad] DESFDIRIEZ AT ) 72O ITRE
BRI % 019 [s| LlEE 52 &, MBI Lo TREBFHAT 5720 § OELEELE
{, 210 DX HIZIITEBEENEBELLVOT, BEBHBOENBERIINTLEE
BHODAT v T IERBBETHI LA TE LD o7, K213 OM#RIE, HEBHEFEOE
FIEERORNY T 7 5 v AL ECARER L FWVT, BIEOFIRICHE > THRBEL S
BREZBNTERTH D, 72720, BROEHSIIOVTIE, MEOLDIZEHL Twa,
2.13 X D RTENC BV TREL - HIHTREROZ LIS HRATE 5,

2.
5 V,=0.6 [p.u] (lagging) - (proposed method), ¥ (EMTDC)
V,=0.0 [p.u] — (proposed method), & (EMTDC)
20~ V,=0.6 [p.u] (leading) ---:- (proposed method), & (EMTDC)
— 15 £ S
P =Y,
B - PSR
- - ° .,
e’ 1.0 #_,.-" #.' -\ 's."."
o A~ B PAE SR b_ A "
0'5 '."',.f ’/ "‘—A‘ _____ - A_~. “Q
SY e et A S\
PR = S S N ¢
0ol g B
' T T LN J T ¥ L) LI SRLER} T L T T LN § 1 T L N e ) T
0.0 0.5 1.0 15 2.0 25 3.0
8 [rad]

2.13: BIREMAMKR (BREHMERT)
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2.5 E|ERIREFEEICE D BELXTEE R LEXDEO

EEBHEC L A RMEEMFNE TS, BEBHIEFEERIAKREL T 5l
HHREO LB MA I LIZERETH D, FEIHTHONIHIBETEREEL b L, EHE
FICEDE, BEBHFICLIBELEEOMEMRELHEICFHEMT AL TE S, L
TTiR, BUEIHTHC:, H21 DRKEETVER 21 OBEE AV TREZT .

X 2.14 TRIEE S VB L > TRERIISZONANMELALVF —TH ), R
Sy LT Sy + Sy WENEFNEEBMZBZOBNEENEUOBEL ERICHL T &
MOBRKEDHEL, B EBALIZ N TEIRRROBEIAINT —TH b, BELRE
BEORED-DICEEBHBLTHVIHE, K214 TELXLL, HEHEHBE(O=00& &)
ERIBRC V, 2 U (BWIIHL T AHEN) IKERETAZEPETLV, ZDLES
ZONTEEBHGCLIRKDBELANFT — S + 85, *HRTE, $;<5+85,Th
HRY ZOFRMIIBENIILEETH 5,

P,(V,=U, RIS L T 90" B4)

P,(V,=0)

X 2.14: SEREICED (BEREERGEIREOESE

ZODXHIT, 214 IZBNWTERBHZOHERREZ &7 SRBEBERT 5E% B#E L +
VE—1Z, BZONEEBHBORE UIHIET 2EE Sa+ 5, L LTH52bh, S
DI EHEBRBIC Lo THMEN D Z Wb BB, £2°C, REEMTOZMEMRIL
RS B B R R G I [s] & BRI BORE U [pu] OBFE K7 b O 2.15
Thb, {215 OBRFHEKGEREL, SEBMEZOLZVIEE (0.110)s]) 25, 1074

0.8
//

0.6 .
5
5 04 =
= e

0.2

/
0.0

0.10 0.11 0.12 0.13 0.14 0.15 0.16
Critical clearing time [s]

B 2.15: RSt kR e & SEBAEOFEDRLR
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7V (0.167[s]) ETERTAHEITHIEL TWD, T, HifET 5 BRFIBERGRE %
BolOIl RNV ELERBHBOBRETRTIDLEZ LI ENTE S, 7272L, £
BRIZIEHHRIC L > TRALTL D S DBELANT -2 BINT AT LATEL LIRS
Wz, ININETREVCEEOEEBMHBELEL 2 5,

2.6 HIFAIRERBICE D K EARMO LTE(LHIHD RS

X 2.2 (& REEIZERC S I LL 72& &, V, OFIEIC X o TRRETRER P, DEEE F
LD THo7z, - T, RMEEMHEREERET 5L I3 oM TREERz v
PICEMCHIET 200 MEE % 5,

BEZERE T RERICEZ LSS, WETHRRALHIC, HERERIESLHIZR
TyTRICBEERX B LI ENEFL v, LAL, MEORENINSWE &121, &
DE ATy TROHEIDP R o TRHCABRLFELESFZTLEIZLICR S, o
T, ERAEETIER L HIE % HETReh B FHESICIUR S, K&
B L TRTEBMYREVHRET IV F -2 HRTE 2HEIER T EIL, EEr
HBEIZb7o TLHBOREIZEREN S,

DEDOREH»S, GIETREEREADICHBL -RELEMEE LT, K216 IRT
£ HIHERSEER ON D, FHE A DFEFEZBT BB/MMELICHL TiZ, #4545 BCO
FEIZIED LICEET A LT, RFEICHL TES BCOBEERCEEIN LA
FlEbZ LN TEL, 3017, ChEFMBIHEZRHES L) 2Rz ELGDES
ZET, EREEEDOHMEREFPFTESL, —F, KB L TZ, P, ZA—-BL &
w7k, HIETEESO ERISETAE D-ED X ) ICTEERR Y HET AV E — % R
5L ICHETIE, SEBESIARFOBERZEEM EIRE S ICRETHI L
BTEBLELEZOND, T2bb, M216 ICRLA-LIZEMERESTLIEIZED, &
EBMFOF OGN EAIEAL 72, EBLEE L BEREEDNM L% M ES
TEL L) LRBEREMHHREERATELZLEZEZON S, 2D &) ZRHERE/LHHED
—hHREL T, RELBVWTRENHRLHEAT 2 RELEHEOEL LT,

P, (V, =U, @RICE L T 90" E48)
:., Pe (Vs =0)

YABE BRI ¥ |

[/EEL : AL £ i |
: \

CSO 3

X 2.16: HIEHTREFIRE ARFAL - —HI#H K
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2.7 WE

AECIE, BEHIH FACTS BRO—oTh 2 EEBHEL HEE L, RELL O
FEE BT 20BN OFEEfTo770 AETEONREL*EYTHLEUTOL S
DCHD.

o HEMBIIRE EEL NN TEFIELIEE EFERIEY AWTETFTVILL, BEED
HeEERBHZOFHBMEORRIZOVTERLEZIT o7,

o EIMEAMHMLTERBHEBICLVFHTRLZEBERBIZEBLEL TERTHH
FEIZOWT RN,

o SEMIZETFN F O/ BEHERATC L D, EEL 25T AR O T S AT D &
7z,

o FIHTIREMEEEY VT, FHEEEICED BEFER RN & HIEBLER S EZH
BOBFELOBEBRLTHL,CIL, BREBABE IV E T2 BEREEN LXIE % 5FH
L7,

o HIHETREEREZAMCFABL T, ERECEL BELEEOWMS % ABICHLEE s
ZEDTEDRBELEEMHHO—FARIIOVTORBEELIFIZ,

Db, REBORKRIZ, ENRRICBT >EEBHEOHEGRIOFMAEE L TNED T

[1] N. G. Hingorani, “High Power Electronics and Flexible AC Transmission System”,
IEEE Power Engineering Review, pp.3-4, July 1988.

[2] IEEE FACTS Working Group and CIGRE FACTS Working Group, “FACTS
Overview”, IEEE 95 TP 108, 1995.

[3] Boon Teck Ooi, Shu Zu Dai and Francisco D. Galiana, “A Solid-State Phase-Shifter”,
IEEE Trans. on Power Delivery, Vol. 8, No. 2, pp.573-579, 1993.

[4] TH, £, EFE, FN, BF, &), [ BRSO BRRFERTIC X A5 ],
BRFELSWLEEB, Vol.117-B, No. 7, pp.960-965, 1997.

[5] #8, BEH, KA [ENREOHRMNHAZ BEMNE L -8 EBHBZOMHEE L BES
T, ERERHXEED, Vol 117-D, No.11, pp.1327-1333, 1997.

(6] BeH, ALK, EFIR, %k, BE [ SEABHEBCLI AV —TREHE], ERFSHXL
B, 114%%, 575, pp.475-482, 199%4.
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(7] {LO, fEH, EBA&, Fl, BHE [ PERMEEBERC L ATRY T 750 AEE (&
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8] ¥, A, FE, B [ SEBHEBICLIRRELEHH |, ERFRLERENE
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F£38 FTHEBEEMHEOSZERRLE/LSIEANDICH

3.1 H¥E

BHRMIBTCHBESEL TETHRKBRELRY AT LTH S, HERARMEIOE
KL BEENCH BT, VAT LONG A—FEENZAL TO/NR b R BHERECH
HPEREN TS, L2L, AMEEREZECENRFEVERE LI AT LATHAT L
PLITLITMELE b, D70, FEHEEHEERSEICHHEBERZSICEIE, RO
IR L B2 RELELHIEAFRESNTE A, FIZIE, REEHEEKICH-
THREAL T 2 BB 2 ZEEALICET PSS DF&EH, 2] RNV 7 Fa—= v F ROREG
PSS[3] 2 & DBFIDIEA, 74— F Ny 22X BB Z BiRgRICERAL 7261 [4, 5] ®°
FEBHIHANOBFF] [6) BT LN B,

L2L, 20X ZIEBEEL EREIC AN REZEGEIL, FIEEBICHL TEE
BERICODEL TEELREEZERTLIEAS, HEKRIZ AVR, PSS & vio -FiR <5
FEED L ) L REBFHRNOBEHAFERTH o7, THICHL T, FACTSHAEIZE T
D REHHESROESIC L > TREOHBEOBHENS S 245, CNFTFTERHIC
BBINTH-oTH, BHRENOERIIREL Z2 5N TWEELRFIHOFTL VG
AREBZHED TS, FIZIE, AF9A4F 47 E—FHIHZEFTES V-5 A1
BHLZB[7) R, 74 —F2Ny 212X 5BFALICED W2 SVC & BERIERIC L 57K
ZEACKIE [8] ZEBETF LN B,

KETIE, F2ECTHR-SEBHEFOHMETRERL ERICFHET L 7-006# RO
—2E LT, BHEREHEBATLIHBEFARNOERZITH, LTTIE, BEBENEE
FHTZ 5 LIREL T, BMERZEZEERPAFEIESTWTENHEFEROBERAL T\,
REBRBE N OEZEHEIC L 2 ENBRE LB ORI T 52 5 9, /2, ERL
HIEHRDE 2E TR L - & 9 LRI TTREERZ ACRIATAHIMHE R DI B2 LEE
DHHEZAHBE L TR T 5, 3612, BHEHESRRAHEIIC L > TN 2R REREL
DEBRFHGTEL I L2 EHHEARE BWTHET 5,

3.2 EBERRILIC & 3ENERETAL

BEL ZEBBATER, EREAHCBTRREINZFFEDO—DTH 5 (10,
11, 12, 13}, FEITIZ, BEZ ZEERCFEIE > TENHROBALO - D OFIEHFRD
BHEIT o

B ZRBEFEE, DTO L) ICHBEIN 5, n ROFERFREHER

& = f(z)+g(z)u (3.1)
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REZ A, 2L, o 3RERZ MLV, o BHIBEAT, f RS g i3 8L IERBEEAN
JENTHb, I (31) DY AT LW EEICEMBIALITRETH 570 DLBE+T 5 &M,
Su (14| BIZX > TRRIZBONTHEY, RD22TH 5,

(i) {ad}g,ad}g, ... ad} g} AR

(i) {ad}g,ad}g, ..., ad} g} #* involutive

72721, FCF ad iZ Lie product DN EL HHE KRBT H7-DICEA SN DT,

adig = g (3.2)
adsyg = [f,adf'g]

ToHb, 722U [f,g] 3, N7 MVERK 2L BT MVEE f(z), g(x) D Lie product
ERL, z OBHKELT,

17,9)@) = 92 f(2) ~ L g(a) (3.4)

TEFRINSE, ¥/, T I Tinvolutive &ix, X7 MVIEOES
H(z) = {hi(x), ha(x), ..., An(x)}

IZ2oWT, EEDNY IV hi(x), hj(x) O Lie product SEED S = IZBWT H(z)
BEDIREETRINDIL W)L THD, LD 2ODEBEXIRY AT A0 §
%AI1ZIE, Frobenius DEEMNH

LopgT(x)=0 (i=0,1,2,...,n-2) (3.5)
zim’zl, POBHETELZVAAI B T(z) PROOLND, 2D T(z) AT,
¢=[T(x) L;iT(x)...L} 'T(x)]" (3.6)
Lo TERSNDEFEERICLD, FFREB AT L B RBUTOX I ITERINE,
0
1

0 1 . 0] [ 0
0 . .l :
E=1: o e+ : (3.7)
0 ... ... 0 1 0
0 ... ... 0 0] | L3T(x) + Ly L} ' T(z)u |

72720, LiT(x) &, X7 MV f(x) I2X B2 0T~ T(x) @ Lie derivative  EIRL ,
or
L7 = 2L f(a) (39)
TEF 34, Lie derivative D DR BH%

LT = LT (3.9)
LPHT = Lg(L}T) (m=0,1,2,...,n—2) (3.10)
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TEETH, ZZT, HLVHBAD v 2EALT
L3T(z) 1

T TLITT(@) | Ll () (3:11)
ETAHZEICLY, THIEIEEEOHEDY X7 4
(001 0 ...0] [o]
0 . 1 e :
=1 : R K I R (3.12)
0 ... ... 0 1
0 ... ... 00 1

PEOND, COLEEHLWHBEAD v IIWTHIETH Y, RETEFEMIICIDL THHICER
ETHIENTEL, TDXHIT, EEBALIC X 5HIHRKENE, FEHEEEEZABTL
BALY AT LI L TEREFEFPREL ST EHTELEVIHIFHMEF->TW5,
RiZ, D EOE L2 ZHEALTFE ENEROBALICICHYT 5. BHRKOET L E
LT, H31CRTLH)%, BOFMPRERCERKBFICERSINETVERV%,
CITIAL DN —T L 7 b u= s ABBIC L > THREHROB % EZEFIETTETD
LZEERBEL, IRENLZAEDENFHHE P, * BEL CUTOHEGREEDLZ LIZT S,

P PL+P
:_i.l__: X Ié
v Voo

t
B 3.1: IKHEMHIEE P, 2 8LRHEET IV

REROBNEFEIENL, EERENED P. 2HCT, —RICKRDI HIZERIN S,

o _ 3.13
at T (319
Mdw D

(3.15)

722U, 6 ERKEREEEEL L EEROMNMA [rad], w | BEROAEE [rad/s], wo
D EARA RN [rad/s], M D EVEEE (S|, D : HIEMRE [pu)], Pn I BEBENOBMAT
[pu] &9 5,

I72, 3.1 OREREFICBTLERENOBELRIT

F.=P, + P, (3.16)

TEREIND, 22T, P 3EBAKBHEANFNLIENTHS, 2O PLIZ§BIT Aw D
IR TH ), AVR, FARBONELEMEUDRKEOLED P OBBBICEH SR
TEHENTWALE DEEZ B,



22 H3E BHHRESBLHHOMS L RREE/LHH~DLH
RERMHHE P, =z AT, BREAELEX(3.17), (3.18) TET,
dé

Ez =W — Wy (317)

Mdw D

BEE+ZJ—()—(w_wO)=Pm—PL_PC (318)
(3.19)

WE, Aw=w-wy &ELT, REXI I VEZ 2= Aw]T LENL, TOY X7 41T,

&= f(x)+g(z)u (3.20)
72721,

-]y

g(z) = B: ] = [ % } (3.22)

w=P,—P, (3.23)

LRATEL, LEICLY, EAEREAENT 2ROFRBRESFERNC LY ERLSR
720 SIT, ETBRNRZHEGHIZH > THEL ZHERALOTREOHEZIT). 7,
— Yot
ad‘}g =0 M] (3.24)
L[ W% w D 0P ¢

adfg = M Mz(wo + O(Aw) )
THhb, ZIT, PHLPIZ —L £0THEH5, R (3.24), (3.25) BHBHLTH 5, fito
T, &EGORBWLZINTVE, T2, RV AT LADREDF2RTHLDT, FM (i) 13
{adgcg} 7% involutive TH A Z & L FMTH A, T Z T Lie product DEFZE LY,

(3.25)

[ad?fg, ad?fg] =0 (3.26)

B Totd, 8B, Sk (i) b Sh TV,
UEX BB ZEEALSTERTH L0 OULETSEENE- SN TWwBEZ LA
L& ol #Z T, Frobenius DEHED S,

Ladong(m) =0 (3.27)
Hl%,
aT
580~ 0 (3.28)

THHEI %, FHTEVEYSLEELE T(x) £ LT,

T(z)=06—6 2 AS (3.29)
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BERIEILT B, 727EL, G BEMEEATO § DETH A, TDE X,

LT = Aw (3.30)
L5T = f, (3.31)
LgLyT =22 (3.32)

72720, £ 3 (3.21) THEZHNTWA,
EoT, FHLWIKEXZ ML €1

{=[Ad Aw] (3.33)

&Y, T7z, IEMEHFEAT v LFL WKREEE £ O 1REEIZ L HHEFMHAT v O
BfRiZ,

weMp M, (3.34)
Wo Wo

THZ 6N 5, 3 (3.34) DERFIEHIEY X7 4 (3.20)~(3.23) DIREFBRXDAT u i
BHTL,

: 0 1 0

£=[0 0}€+{1}V (3.35)

ThY, TIUCHELREHBRBASER SN S, REEH AS R Aw PSEHTTEETH 5
L3niE, BULNT A—% B (i=1,2) FHWT

ERE7 4 —F w7247 52kickY, X (B35) DY AT L0ERFELEEDEIZIERE
TEbh, REGBVATAELAL)ICEUZEAREREZIT) JLITL D, KElbHl#Es
ERT 5. K(3.36) L D v aigkmasniuL, K(B.34) »PoIERE7 1 —F )Ny 78 u 25
I 5, A, ZEBEBO-ODREWZHEE P, &, X (3.36) D v 23 (3.34) IZAA
LTRD7zu & (3.23) IT/LAL T

D
Wo
b, BEXY, X(3.37) TRENBRENZFHRIEE P. e VA LI, BERZE
MBI & 5 RELEHEFEHT 5,

Po= Pr— 2 A~ Py~ T (BA5+ ) (3.37)
0

3.3 ENEHEEMLHEHOBE
KETIE, BEEODBEHZEEFNHT L V) BEArLENEHROBEALDFIEIZON
THREZIT) o BIEIDOHREIRDLITEZHI LN TESL, X (337) 4D,
g+m=m-£m~%m¢nmmo (3.38)
0

Wo



24 $3% BAREERHBOBRS L RHEELHE~OEH
THahs, K (316) FHB L, B
D

Wo
ThHb, ZZT, A (339) TEIND P, 2 RBERICH N &5 L) Ll cEL, 2
BHEBADSERL, FERBIREHERX (3.20) 13, R (3.35) DHEY A7 1L L TEHREN
5. $hbb, KEMAN P 2 AVWTERIL 728 E L ZEELIC XL 2 R ELHE
DEMIE, K (339 I - THRBERBE N EEHH T AMEICRESCLI LN TESL, #
T, BEBBNEZGETELR A0 -2 7 o7 ABBLFHL, FIZIEE
BRENEZREEE L7274 —F Ny JHIEZBRT A2 EI12XY, BHEROKERALDS
EBMRTHLILEEZON S, T/, REESHELHEBAEROICELEEL, E5I1213 AVR
RHRBROBFEEEOTEZ AL XY, BEREN P +EEOBEELL TWET:
», LBROFIEFZFOFTIEHRTLIENTES,

BNEBORBALIC L 2 RFEOBEBEEEOM LXRIT, BHHEZAMBICBVTHE
{EHOBEH» S EMMICHIATE S, BEO-DIC, —BERAKBERETEL S, B2
BOBNHEFERIAATEREN S,

M
Pe = Pm — Aw — L—u_(ﬂlAé + ﬁzAw) (339)
0

i =W W (3.40)
dt - 0 .
Mdw D

—(;(;_dt +;—O(w—wo)—Pm—Pe (3.41)

9, HEEITbRVEAICE, AT 2 ENERIIN 3.2 X S ICENMAEAH
I o BE 2R T FFEIBREIEENHEZEAMBOBHROBEELLT, XRXO K T
EFIN5 [15]0
AP,
96
TEAABEOEBRLERELEZ A BE, REPEETHAH7-0121F, K>0 ThHhuFLw
ZEFHILNTWS, TDXHIZ, ERSIIBT AENHEAMBOBGEOEXIIEEL
BREEF-oTWA,

CHIZHL T, BABEHEALHEIIBEROLIEN P, 75 (3.39) & &5 &£ 9 I12H]
HIBLENIBDTHo7z, LTFTIE, ThEREBOHNEN P, 0fgsEL LT P L
BX,

K= (3.42)

Fj:RW—BAw—AQ@A5+mAw (3.43)
Wo Wo

ET5, 20O P 2 ENHEAMBOTFELIIBNTHC L, B33 0EMKII RS, 20
L&, BEf P DEZIENHERRAHEOL L TORMILIZERL THBY), FOKE
SITHIHABRERC B 2 HWTHRETAILNTE S, Tobb, HR P OEEE2ES
MEAMBOEEX LD RECHT L2 LT, ENHESRLEEIIC X > TREDR L
b %HEmT A LA TE S,

—FT, HIERRERRC G EHCTRRICHEZ eI LD TE S, ZOLE, §

PRIER P OF D ICKEIE Y OWmE T2 EiTk b,



3.4. BHERBERHHAEZ A ENREOT /N P LEfthl#E 25

TDXHI, BHEHREHRBAHETE, RPN B LIUHEBI L »oZ-Blmdh b REHER
2EZBZENTEDL, ZOLEIEN-MHEATEHIIBVTEIRK 3.3 DL HIZEMR P,
Ko CTHEITA Y OMERHE 2O FEHINEPOREEH I EHNTE 5,

EHI 2O, F2EE6EHTERLL ) %, MBI L TEYZ REMED
BIUHEBZF-EAHIHE L >oTwD, T4bb, BEBHEFICENBRERLHIEZ
BATS L) 2HEI0E, F2ETROZENHEA MR ETORETRFEBNTER P,
EROCTHEHOAKRERET AN TE L, 20L&, BHBEHBLHELZ, F2F
TERIZL D REERENOWETREERE HNERT 2 2REE/LhE e 25 2 L7
HrEsn 5,

P, P

P P,

5 5
B 3.2: HEHIEEO T HZEA R _E OB 3.3: ENHEHRERE OSSN

3.4 BHENEEMLHBEE AVWAEARBKEOO/NX M KE/LHIFE

AEITIE, BHEBHEHEBAHBEZICEL 7, RREE/REO N o[ EIZDwn
THERE, ST TWIANAMEELIZ, ROBEEZET,

o RFBEROEERAFMOKBLEG 28Il L o THERAPEILTH L I BB EITDH,
HEARDBRETZLELETIL—EDOHBEHRIBEONLZ &,

o AHEDEFTNVLEBEIINL THERPERTH L &,

ek, BT EMAFEOZRENIBVTIE, FEHAAFEIBWTHEELEEZITV, 20
BB ON/OEUERALY X7 2123 L THRIBRBREI 2T ) BEV S o7, LL, K 3.2
RT LS, EHHEEANESERBERTERINL I LS, FHAICI VEROEE
BEAT B E L HITRBEAERORBIETDET 5, #7112, EFRRETIEHLIOK
THELLLD2EVIFEMER-TVD, fEoT, EMERATT VI L TRELEL
iz B 7256, EERBOLERLEREOOHAKRD X 912, REDOFH LI EL
T5E)LHECHERDEN L Lo TEZELZT A (16l ZO7-DIZHIBEROBEERK
PUELLLHEELH5, ,

Tl BTl & 912, BEL ZEBALFEIC L > TER SN -ENBIEHRE
bHIEE, BRROEEERLZREL-T I T, BOTHELHMERBRIZL ) —E0HHE
HREFERTLIDTH L, Zhid, FEEIIBT 5RECEHMEICEFRE L, FIERZ%
SIRICEEL—EDERICB o RETEERZIT)IDDTHL, T80, EMRE



26 3T BHEEMBFMORS L R ethl#l~DILH

DEBEIZEL THHIHZROBERE 2 T5 I L —EDHHEBRIBON L ONZ M 27
MEEMHER L 2> T2,
ETHBNR-BNEFEERCHEHOGHIFEE oA MR, BENHEZABBRICBNTH
LD OB A b EHRICHATE 5,

3

i /
Pe Pe Pral [P

A
B

a1
P 4 P 4
mB ? mB
PARE 7N
i P I
A mA

PmA

8 )
(a) HIEE DR VHE (b) EHBIZRIALHE

X 3.4: EHHEA MR L TORBAORS

X 3412, BAHEHERAHEZTOLVWEELTIBEICOVT, FRENFEHEA
EUBIZBIFAL AT 0T ENMEAMBEIIRLZIDOTH S, K34 (a) KT
(b) DEMDEEZIL, TNENOEHFHIIBT HEENEERL TV 5,

HEZITHhEWHEICE, K34 (a) 2obb2 b L), FHEAA»D BNERH LN
EEINAEL, EHHEAMBOBROEEZOELL LV ICREERFORMILIDEILL,
BICEHBRRETEIEHEIOETEEL b b5,

I L BAEIREALGIEIL, REOKEBICEDLL T, BEBINT P, 5% (3.43)
RO P E—HTHEHIHBTA20THS, BEHNHEAFEROFHFEICBNT PritE
MEZY, B34 (a) LFERKICEIRT L, R (b) DE#MR Py K Py DX HiZeb, &
HNEHEBERAHEIBRONS L ZOERICHE) L) CHBETALZ EICHBT LD, &
DL ZOREOFMINIER Pr OHETEDLEIN S, fEoT, BENEEEALEIEIZ,
FORBRFECTRBLDZIET A LN TEL, T2, ZOZRHMRIL, REREOE
FilX o TEEENFLEL B LI BBEIBNTY —FIE-RAZ 05, BHEHEEE
LHIEIZ O NN N 2HETH B L2 5,

RIZ, BNEHEHEBACHHOETVAREZIH TN MEZDOWTHRET 5,

RFEDET NMLREICIE, FEHRLRERLY, RHEOBREZOERMBEICEIN IR
ERENEZOND, BEZSUERT BOWHEHRE, —RICFORIERIRDEBEICH
BLT—EDHEBYZITALEZONTWA, ZRIIHL, ENBERE/LHET, B
BENENFOLO2EEORIEEL T 5720, EFMEEBREZHETL LI CEETS
EEZOLNE, TDXHIZ, BNHEHERHEL, EFVAREICEY, ONAMEER
ZiLHIH & o T3,
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3.5 &E

RETIE, BRELZZRSRBATRIIED S, BEREND T EEFAHL TEHEEZ R
THHRDOUNR 2 RMEEHEHRE BV, FETHEON-HREEZUTICENT %,

o BT ERBMBATEICNE, RERE N BEEFAHL CTREROBIEIERXLHEE
by 2 FHEZEN,

o MIALBEDY A7 LADRPMAN B IVHE L Wol2BlmDd b, BHEERELHIEO
RETE R 52 5 /HEEIRL 72,

o ENEEHALEEL, MEABRSORORERBHOMBETRRBEIRZ FNERT 5
HEEZD I B LERLI,

o BLEMERLLHIENZ, FROERRBIKS T —E0HEZREFFD, 0N M
FEEHHATHL L ZRL T,
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BA4E SRBHEET AV EHEHEREHIEOER & 59

4.1 S5

EoBEII BT, BEBMBIC L) HETEL BB/ OERE EHHES L
TEETHIEN TR, 12, HBIBTBVTIE, BEFHEHORERE » EEHHE
FHIENTEND, EHBELEBAT AHMA SR LY 02 b 2 REREASER
TEBZ &b o7,

IRODERIETNT, KETE, RERCENCEREL ~BRABHREAVT, B
NEHERTACEEIC X 2 01X b 2 RREELHE % R 5 720 0 BRI T RE
L, 85 N7 BRI SV CHENREOFEL T .

37, BEBERE S UEEBABEREREO TS MLEF, B2 EOFHITHST
BRGSO RE T RN E KD B0 KIT, 185N T EEROE MR L VS B
o, 83 ETH EHBITEIALE OB RO BT L ) I Sh BRI
SVTHMICHRE T 50 5510, BEBHELBVCENBIEL D L% RBRE % 5
| 5 FEEREL 1), 2OREEEDFEORE L L TEABZEBIC L 5 RETE
LHBEBRT 2, COL %, HECLEREEOL TN ERE 22 50 2551C
DVTIR, MOEHAITEZESH 5 EUERT 2 HELRIT 5. MEIC X DB S
HBRE TP VRGICEAL CREBY 321 -2 32 257, BABHRICIZENS
TS OB E 05 2 N EOFHER T [2, 3, 4o

42 SEREBHEBEECENRBET L

AKETIE, H41 R —BERKGFHERAK AT I 2L - a VY BT2T ). 2
DETFTNVIE, REBRICEFICEEBESEFRE SN - REBABFTEXERKO—FITHY,
1,170 [MVA] OREH S BEETAREN» S, EESFEAL T, 500 kV, 2EHOEE
HICHER SN, #5100 km BN 72 RBEERFENEZELZITo TV AHEZEEL Twb, 7272
L, zs REEROBRERKOER AV E—F Y ZAFEL T, I/, EEBMERITZ
BHROBERRICHKESINLGDDOEL, F2ETHEHL/ZSSSCEMEE—F, $4bb, #
DHANBE V, EEHRER [ CECERTA L) ICHHENAEEEFETTVTELTY
bo ERMEHEER ALIIRT . 4B, W41 OFEFNICHET HERKEMRIT, KEER
FEANDER I LT 5,



30 H4E BEBMHIETHVCENEBESBAHE OB L S

v, 1% Lo 1
rxosox G5 AT xg 0
© P, l I 1.6, S AT

M 4.1: BEBHEBEFNVE SO —BERKTERE

F 4.1 BENREDER
B (Park D 5KEF I, 1,170 MVA X— R )

zqg = 1.60 zg = 1.6 T = 0.00181 M =17.78s
ZTag = 1.35  Zoq = 1.35 Tk = 0.0062 D = 2.0
Tffd = 1.44 Tkkq = 1.37 Tfd = (0.0006

Tkea = 1.38  wo =120 wrad/s| rx, = 0.0124
EERB (5,850 MVA X—X)
Ty = 0197 x; = 0.449 rp = 0.0463 x5 = 0.193

tozEEFNV RO L HIZERILT %0
9, FEHS L 5,850 [MVA] 1#BICHEHL 72 Park D 5 RET NV [5| TRidb$ 5 &, #
DERHRIBEFENIROI I IZEREN B,

d )
Vg = —% — WYy — Talg (4.1)
d )
Vg = % + wig — Taiq (4.2)
d .
€fd = % + Trdifa (4.3)
d )
0= % + Tkdlid (4.4)
d .
0= —g}tk—q + Tkqlkq (45)
WoYa = —ZTdlq + Tadlfd + Tadlkd (4.6)
Woq = —Zglq + Taghkq (4.7)
WoWsd = —Tadld + Tffdlfd + Tadlkd (4.8)
WoWkd = —Tadld + Tadlfd + Thkdled (4.9)
wO'd]kq = _-'L'a.q/l'q + xkkqikq (410)
Pe=thaiq —Ygta (4.11)
—%, BREHOHEFENIAXTEREN S,
M
_iw+2(w_wo) =P,- P, (4.12)
Wo dt Wo

REROBEGRICIE, B 4208 T BHELEFHES (AVR)PFPRESRTWEIDLL,
AERIEEBHEFOMEIERTHFTENE LT, Z2OFRLERL TERBRATI MLV
Tm Z—EET 50
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efo
- 0.001 +
AV, Tpopl 003 | 1.0 . _: >
_ 1+0.02s 1+1.0s -0.001 Aefd €t
135.0s

1+1.0s

42: AVRoO7 oy 7

EEABHARBELESOREBRBICREINILOL L, FOBISEYE 4312, EHF
FA42ITFT 7271, £ REABHBOLNEERSET, EROBER V, I2ET X,
EEBHBZOHDNERE V, BRRXTEIZONS, 727°L, V, 3HHBRE V, DKE & T,
Vo=V, THEZONBIDEL, 6, 341 IZRL72E I XRERBEROMETH S,

Ve

{

Vil(6; +90°) (V, > 0)
V(6 — 90°)  (V; < 0)

1

8]

1+Ts

/o

B 4.3: BmEBAZOHB T

* 4.2: BEBHROEE (5,850 MVA X—X)

EVEERRBILIT 75 A z,=0.01

TESE
HEH

CDEE, RBROBFHEEIROBSHERTERIN S,

xr d ..
vg = (rp + = =)ig —w

Wo dt
Iy d
Vg = (TL-}—LU_OE
=721,
~ ]
Vsd = '—‘/s .2q -
zd+zq
N 14
Usg = Vs 2
zd—}—zq

Wo

0

xr . .
— g + Vsq + Voo 5IR S

. IL.
)ig + ww—zd + Vsq + Voo COS O

(4.13)
v,
U =0.05
T, = 0.05
(4.14)
(4.15)
(4.16)
(4.17)

¥/, FEROFERICFELN-REEL O TICREOERITE 43 IIRTED LT 5,
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* 43 TEBIURTEO—E

Hoy=2

v, e. BE r . K

i B VTR
oL R T - BB V2
5 . [EERFA T. . BRIV
w : O FAEE M ERER
wo - BEAEE (wy=120m) D : ¥IEHRE
aE

d:.d#h [ FRRER
q:.qHh 1. RER

a . BERTER s . B

k. HIEhEH oo . R AR

DEDENREET NV TIX, E2EOFIEICH > TEHEBHEBORMETEEEL K 5
CUNTEL, FOEREEHA441IRT, 277, ZOBE, BEEETIVIIEREILL 72
Park ® 3 RET N & Hv, IS, AVROHELERL Tnwb, LT TRE %247 HiliH%
i, X 4.4 OFETEEEBAN T BDICFETAREERETEIOTH 5,

i "‘_.“
1.0 —1+-|equilibrium point -
521.59 [rad] 2
0.8 —+-{P=0.900 [pu]
g8 R
e’ 225 |- specified linear line X
0.4 S P-dcurve: X
ey ---V=0.0[pu] 5
0.2 S B V= 0.05[pu] (lagging)
57 ~-- V.= 0.05[pu] (leading) \
Pl 4
0.0 it ; : :
T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0 [rad]

B 4.4: BFTRRETIVIC BT b B @B e O Gl T e i

4.3 SEBHESRIC LS ENHERV RO TS

BIETCIE, E2BOTHEICHEY, M ETF VI L TERBARO M TiERZ
BB ENTE, K44 TRKBIZEFC 6 HEIL72EE, V, OB X o> TRETEE
% P, OHERL TW5, AREEMHER T RBENT 5 & 31T 2 ORIETREEE WA
CHEBCHAT 20 HEE 2 5,

BERTEL BERICEXHE, TEHEIKEVIREL AV F — 2 BRI HEET
BZEEAZ T L\, 207201013, BEBHET, BERERIIERHICAT v RIS
BRKEEXHNTHIIFEATLINETH S, L L, BREEEEOE A, LT, Z0X
3% AF v TIROFIHIEA 2 o CRHCAERFEAF 52 TLEI LI R B,
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#oT, BMESEETIIEN L LD L HIEN % F8 TER P ICEYE & P IR
&Y, KEBIICHL TEITEARIKREZVEELANT —ZHETEX BHEIERTE
T, BSEBHSFORFOHMTEREEEY T5ICEHL 2 EEBr L BEICb LEHOR
FAPZER NG, LEOERIIHL T, FIETHRRLEERENENOEEFIHIC X
5 ENEZBRACHEIIBD TEMRHHTDH 5,

ZoZ ki, UToL)IZEHBEEINE, M 4.5 RUK 4.6 12, BENEHEHEBALEIHED D
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ZonT, BERND P *BEEHET L2 LI VESE

Dy M
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CBIESEBHIE, TRbLENBERVAHBOAMEIIOVWTERET>TEL, &
NEHERALRIEEZ EHT 57201218, BERLD P OS5 E Py ~OBREHEIEER
BEE 2B, AETIX, BEBHBROESIEHRBOENER V, OHE XERERICER
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FEIZDOWTIHRRE, [ 4.7 () KR TEHELREET NV TRET 50

(516 + B2 Aw) (4.20)
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(a) WTEHIH OET IV (b) Az OHIHBF
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X, F2ETT o7 IRRERITOBREIPL b2 5,
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FIERELTHRETAIEICLY, BRFAEANPERTRELEZZ DN 5,

4.5 FERENDICAHEERL -EHEHEEBLHEROBK
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T, HEFARE A IZOWTRAERERE Aw T AVTHEBBICHGAIZ LIZT S, &
#l, AdIZ Aw OFEFTHAHN, T TR LETHENR § DEFHLBISRHEZTICLS
BERREORELZEL T @2)RICETEEMES AS Z4AEL, A ORBET 5,

, 1 1.59s
0025 +s1+1595 "

TIT, (421)RUTBVT 1.59s/(1+159s) idVty b 710 & &L TEEWNLENS %
BRETH7-HODOBOTHY, 1/(0025+s) 13FEF 1/s LV b TANIDGF s &D
B—FRHETRT 5720 DRETH 5, BHETRITLE D DEEFEIE ORIEED 1[Hz] £3E
THHEI DD, ZO1H)FETHSEOFELROL I ITRESIN TS, ZO/RR,
(420) RCREN TV RERENOERSE PP 3RO L HTE5Ez 6N 5,

D M 1 1.59s

Pr=P, - ZAn-2 A A 422
e P wo(ﬁ10.025+51+1.598 w + BrAw) (4.22)

I, BEBOBBATN P, DEBLBRELEETH L L IN TS, L2L, AE
BEZOLXBEHECHFHOZE/LFIEHZRET T 5 DT, REROICTILIENERICHNRT
THICBNE L, BEROBBAN P, s —ELEX A2 LIZT 5, 22T, KD &H %
HiEEEZ b, RHL-BERED P, ofbhIC

P,=P,—P, (4.23)

TERSNDBMEES] P, 2HHESFL L THWAZ LT S, 423)R&) P.=F,—F,
THoHHho, BEBREN P, UL, 1 [Hz] T2+ EBIE5HIBEET 4V 71
HBMLTP, *BRELTCEB-ES2 L, OEME PR, L LTHATEILICTS, Thbb,

1 1.59s

Ab = (4.21)

Fo= =17 00265517 1595 ¢ (4.24)
ET B, ML THEENOERSHE P 3, W22)RXT P =P, ~-Pr &L T
. D M 1 1.59s
Fa= Zu—ko + &E(ﬁlo.025 1T L0t H BAw) (4.25)

THZbN 5, $2bb, ENHEATHEOL D OERFMBOMBEL, MEEH O
SEAOBRABOMEANL BEIN, S THEBICLERESIX, BEHKREHD P, &
(4.25) D7 4 —F Ny ZHIHOESEIZBWTLEL Aw DA TH 5,

4.8 OFIEROBERIZ N O DEFOTN X FEMICR T,
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A ¢ < ! t W VX A
l ! YA
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8 4 { ~
s ot I |
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0025+ 14159 [ Lo P[], O & E 3 - 0.05pu| ¥
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4.6 a2l —T 3 BERICED (RIS O/ XN SO
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X 4.11: BREEE I OE (/WEEL)

BHEHEEBALEEIC X > CTEEME D L HEE AL L TEX TV A2, K 4.12 127K
T, TOLED § DEEOE 1 EPHEDNIZHF SN ThEZ bR b, 77,
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£5E BEREREIXIY-IFREEIC L 2EHERMERIE
& D

5.1 #S

BRET AVF —FEZEE (Superconducting Magnetic Energy Storage, AT TI3HICZ
SMES & FER) &, A%) - EXNEN % R ORISR - BUBAST 6T H 5 588z Froik5
Bl FACTS 283 CThH ), TORMTIEN L -RELEMFHRIVBESA TS [L, 2, 3o
BiziE, Y.L Tan b3, BNRFEOEREEL ZRL 728 LH#H%Z SMES 2 BWTHERT
DHEZREL TV (1],

A ¥ CEFIE FACTS #2323 T4 2 HEBHZRIC L 2 ENHEHERLHEICOWT, £
DOe» ot HE, ZoICHIERREFRL TEA4, ThITHL TERETIE, HEHE
FACTS#2ICEB L, AXEH % SR ICHIMETaEL SMES % fiv: T E I EHEHRIALHE %
ERTLHECOVTERD, 7, BENHEEAMBLZ FHVTSMESIZ X 5 HIf# 7 fE 5K
*EHEL, TOEBEEHEAT HIREREMMEE L CENBEFRILHELZZEZ 5,
Kz, BEBLEDOHEFEL O TICHEE SORELIIOWTHKREL, SMESICXEEN
BIERLRIE R BET 5, 72, FERI I2L - aVIZETWT, SMESDFZY
BHHEIC X 2 BHBESRLHEIIZOWT, HEESEEE oA EOFEEIT ). 35
i<, BEBASC L2 ENBHRERBAMBE OLBET S,

52 BEEIXIVX-FEREEICLZIREREERSHFIHE

SMES @R L 7-BHARKET NV EL T, 51123 &) 7%, BERWIC SMES #
D—EER KRR EEZ 5, SMES O#FE L &AZEHIEHERD (5.1), (5.2) R (5.3)
RTEEND, BHEO-OITHEIZERL TWa, 22T, EERHE (5.3) RO=fAEE
WZDAREIN TV,

Md* Ddéb

P - 1
wy dt? + wp dt m = Fe (5.1)
& P, Vi 23, X, Voo £0
©—= I - £
P, F
Controller | Pgps { L
[ SMES |

B 5.1: SMES 2 &L B HREEF IV
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P, = Py — Psy (5.2)
ViVeo .
P = le sin ; (5.3)

SMES D #liHixhF % BAHMZEA M L THETT 5, [ 5.2 13 SMES OFNEIHIEHE Psy
DEHHEAMBENOHHREERL TV, 72720, AHENHHEOHFIZ — Psarmaer <
Psir < Psatmaz TH B ET 5B, SMES OENHIMEIL, #EESEFIZCEBNTD § ORLEE
lb%+ﬁﬁwt¢5k,%%ﬁ&ﬁl’ul52®%ﬁ%W%E$’ﬂ@T%’tﬁf
Xbh, CHNIZLY, MoEPONEICHT AEEPICRERENTEENHET LI LICZLDY,
FEE iz ERT LI LATE 5,

Pp () + Pspmar
- PL (5t)
NP L (st) —-P SMmax

5.2: BAMHEAMBIC BT 5 SMES OFRE I HIH D%

5.3 BIEEIXNX—EBEEIC L3 ENEMEREMLHIES X7 LOER

(5.1) R0EHEEFENE, MWEEN P, bbb P =P,—- P, xBEVWTRDLIHIZ
ETTENTEL,

M d%s D dé
Wo dtz Wo dt

ZZT, 5.4)RTBNT, FEHEBHER P COAEIFNIILIIEELTCINE R, &
SMESIZ & D EEZEHIBL, (5.5)ROESMHE P ICBRSEDHI LD TURTH L EBRET 5,

e R Rk

f:f:l/, 50 Li, @éﬂ%ﬁ ) o)*ﬂ%'ﬁﬁfi)éo
KT B P, OBRECEEBNA RV EREL T P, = Pr LBk, BIZHER (5.4)
BERAD LS IcHERILEN 5,
d26 dé
ﬂ2 - 51(5 - 50) =0 (5-6)
*bf,ﬁﬂmﬂﬁ@w?@ﬂi(5&ﬁﬁ%énéﬁ%k%®>1?A®@ﬁﬁ%%%T
HZETRESINS,
22T, FAEOERBHEE AV HHRBRTER L) 2HEEFORBAER,
SMESIZ & AHIRICDIDHT 5, T2bb, BEHES P B L, ENEHRORKIK

=F, (5.4)

(5.5)
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DFFET A1 [He) 52 T4 BBT A mE@ERT AV 5 2 AWTHE52IEEN P,
DOEPEE L THWAZEIZT S, COMEIZLD, FAEBICI-THBENRS P, DT
BRRBEDEEEDEREEI LI o TELAZ LD AEHRES, SOILBEBTFEEBIU
HIEWEBROBRNZILE:E P POBRETAZENTE L, Thbh, BEHHOHENS
L BIREE P, 1, AR THAON 5 P, TEMEN B,
P 1 1.59s
¢ 1+0.026551 +1.59s °
ZHALTE P, % PPICBRSELDD, BEBHEZEENET L HELELTRE
BOBERES P 2 kR0O”B 7 4 —F Ny 2 IZESWTHIET A HEFZEZ NS,

Psyr = —Kp(P, — P)) (5.8)

SMES DEMEIET Poyr % (5.8) DL I I TH L &, BHHEEAMKIIK 5.2 D X
JICHIE S, BEBES P OWHEEITI L TE S,

(5.7)

P L (at) +P SMmax

P iy v_IjL(St)—PSMmax

B 5.3: EHMHEAMMTEL 72 SMES OFREIHIHOX)F

B 5.3 IZEAHEEAMBRIZBT 2 BENEHREEBAHBEORRZRT . BEHNERAEALH
HTIX, BEREDG P TRINWTZERICB->THIF SR A2 LIZRY, P & §IIWE
RREBRPRIIND, ZODL FHFALSNTZEIRMT, 5.6)NT G & B THREEINALE
DB ZE DY AT AL L -oTW5, TOFEE, BIHEZAMNE LOBBIIER P
o THRETEN Y Oz W THEANIERL, 205 41+ 37 A3HEEL -BEEEOH
DI B e HifFEN b, 37, FEATO P, OEE LY PP OEEEKRE(EEL T
BLIET, BEREEOHMBE 25X ) ERERHEIIHL THIRKIHL TERLPIZ
THLRBERLANVF —EZATAIENTE, BEXEEDOMLEIBONLHHEL 2 >T
Wb, UEDX )i, ENHERBAHEE, EEr0B8ELEE T TOLEROREE
MLEICESTE2HDTH5,

F7:, TOL & SMESOEMESIEN Qs X BT (5.9) A THZ LN AEERMEEAT
ITEELTWA,

Qsm = —KvAV; (5.9)

54 Il =33 @ERICEDS CHEMEONX M MEOSHE

M54 ICRTEARFETFTNVOL L TEEMKY I 2V -2 3 VI X DEMERT ATV,
SMES 2 & 2 ENEHEETALHEOREEMEE o2 M EOFEMEEITH . BEHKIZ, 1,170
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[MVA] ORIFIZEER 5 % 1 #ICHEHL 725,850 [MVA] DEEHRT AVRISFRE SN /-E
TVERWTB), BEETERRUHEERDILE T TREALZ PakDEF N TERENTW
%o FEEAKIL 500 [kV], 100 [km] DZEHEXERICERINTWDS, REEOEKITE 21 &
FALTH5,

BENEEMAEAHEZEAEL 72 SMES 3EERWICKBE SN TE Y, ZohEsEE
(5.10), (5.10)FNTEIN L 1 RENDEHFMEEZ b OFR) - BHENIFEL L TEFNMEL T
VW5,

PSMo = 1/(1 + OOlS)PSM (510
Qsro=1/(1+0.018)Qspm (5.11

72720, Psy RO Qoy EENFHN (5.8) XEU (5.9) XTH 2 5N % SMES DAR - 2
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5.4: ENEERTALHE L EHL 72 SMES 2 5 CRESXERKET IV

XL DT, SMES OFHENFIMIC L 2 RERUD OEFBRE T ~DEBREFHEIIOV
T, FERY 32V -2 a Y IZED (RETET ) BIE L TIREDNDOHEFES Py 12K
KTRINZERFEEFTESX Thbo

P> = 0.01sin(27t) (5.12)

Z 2T (5.12) ROE KL, REOEEEHEEICITZEVEL ZoTWwd, 20X %218
PERIBENC AT B REBEDOINE BT L 72 R %R 55 12" Y, Kpp =30 &L, SMES®
EHNENHEL2EERHOS 1V Ky i£20ELTwa, :
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BRBEEHETE, RHEONBZHOHWIBIN 5720, 2 TREELHEE
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LTHBREL TV 3 25 Fo5bh e BELY, SMES 2 AT By~ Py &% 5 5 5 1
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RL THET 21790
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H#ET A 8 RO B i (5.6) ATHIBAEDY A7 LOBEFEIREIC L o TRES N
Bo ZZTIE, EAMEE LT —1.0[1/s] + j2nfrad/s) #3ET 5 L2 T 5, BEERLFEH
IC IO BRT 5, ZDEE, B BLIU 5, 1d, #PNFN —405, —2.0 THEZHN 5,

COEBDL LT, BEFACTHESEEL-HE2EEL TERIOBHREEEL 4 A7
VDR, 1.0 [pu] 25 0.8 [pu] IZET SETHEITZITo72, $72, SMES Ol HERE
PHITIDDETH, METICHBNT P, & PrRbET 5L, MBEROBERZTIZBY
Tb, MEEBHOBRFMHAIERL THBHEI Ebh S
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PSM = —KPDACU, KPD=20~0 (515)
Qsm = —KyvAV;, Ky =20 (5.16)

2T oo E DIEEZ R Yo
BNBEREANEOERE A5 L, BHEREICNE > TENEBRIZRIICIF S
TWaIehbh b, AEMENEHED BEFMEIC L > THEESINTWAIZD, § DE 1K
BIZOY — JEPRRET 4 —F Ny ZHEICHERTHSCHIONTWE Z EX DR B,
BENHREHEAHMcEAL 72 SMESIE, 53 THHELZ-L L, #BIAOLDIZHEE
L7-E#H P Zim) X)) ICHH SN 70 CEERICHS2EHENZLEAL, ZOHK
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E3EOKN 3.1 THEEL -RERLNOGEE P, OEHHFEE LT, EFIE FACTS #
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WA %K 5.10 (b) I HBIL TR,

P PL + PC Pe PL—> rl Xl
_e> T" rl xl - AAA
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b2 EDTEETHEI LD b o7,

—%, SMESIZX WV BEREROEMNENZHEAT A2 LT, M56 DILHIICHEERES
DBHREHIMATERL, 512, B 5.7 DL I ICENHEROBFEIEEIZI o 78T ks
BETH DT EDHEIPD SN,

DEDHERLD, BEBMHEL SMESOWTRZHWABEICY, BHEHEERLEE
BEHET LI ERENT,

BNEBEBEAHE L EHT 0SS LT, GEBHELE SMES OWTN % EIRS
BRIZDVTIHRDL HIZEZ B ENTEL, BHHESHAHHNCREERE 2 E
RIS 545, EIIEIO FACTS #2852 W A5E12i, EHLHREB L BEEESRIZL -
TR SN, REBHHO-DOIAINE —IZBREAICES 2 KHERE, OB EN S,
—7, HHIEID FACTS #% BV AE4A1213, REBRFHO;-OOEHEHRER L £FES
2 TERT MIBEOI ALY -FEEZVSLEL 25, BENEHEERGHEO B
DHT FACTS &5 EIRT A BAI0IE, TANF—EREZTULEL L 2VEFIEEL L
TERBHBZVEERK LBETHLILEZ LN,

¥7:, BEBHEEZOBEICIE, BERLRIFOBICETICESTREINLD, BE
LR OB OBEE OBIFEDO ZEL I WFERD 5, TRIZXHL T, SMES 2
IBBEAFEIBNTH 55 I12AONL I, REBREOHBZ2ZEL 2\WE XIZED
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FED AL,

o REROHENEN ZHRHL TSMESIZ X YV EEFAHTLZ LT, REROIEEID
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6.1 #E

FETIE, BSEBHSIRESN - RESATEXERMEREL - EREKE (1] 124
L TENEHRRBALHERO BN RN EZ REL CRELELEREZTV, 0%
RERFEL 72 RICOVTHERRS 2], UTTIE, F9ENEIZRBILHHE 2 BEREREE
NEERL ZHIBEROBEEICOVWTHHAT 5, RiZ, BENHERBAHETISERHESE
KXARERENOHBZERT L LEND 5720, REBHNOBESEST D BREHH
FHOFRZIT o HERIIDVTRERD, 20 ) 2 THEBMRZ AVENHRHERL
HIENC £ B RREEILERT AT o 2 RICED W THIER 2 5 ICHEROT N2 M &
ZRREEL , BABEREAHEORNEZR T

6.2 SEBHEZEECEESHREDER

X 6.1 ICEEBRY AT LDHERETRT, AEBRY 27 AXERENREEATBRIIERES
Nl-EEBHEBICL VRSN B,

3¢, 230V, 230V/A460V,  ____ 6 units —

10kVA 10kVA 1 unit — . Vi o
AuREE FTEE L v ornod e
é";H—I"’”‘MI\L s i
EREBE | v, Xr [V,qTB, TB T T m 2
L6 16 AC/DC % 3¢ AC/DC
[ B - EEOEE l Inverter Inverter
(O
| s
HER
P, AV,

X 6.1: E£ES A7 L DRERL

BRENIRIEESEASEATRR T BEL 72— BERKXBHRKE 2-5THB D, 1,000
[MW] BOBEFHRER2 G AT HREFPS, 500 [kV] T 200 [km] DEESE AL TK
BEORKICEEL TV ABEZEEL T3 (1o REMDEKIE 10kVA/230V/1800rpm
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*6.1: RHEOEE

FEEME (10kVA, 230V X— Z1H)
B M=80s
E#MEHY TR rg = 1.35
EH#@E) 775 X ) = 0.48
HEEHY 725> R z, = 1.31
TEL Bl B B K T, =021s
TEE 1R L wr = 1207 rad/s
RHERME (10kVA, 460V ~X— AfH)
EREBFOVT 757 A Xr =0.15
REHROVT7F A (12=v ) X =0.046
EEHROEH (12=v }) Ry = 0.005
EXEROHESFE (12=v 1) By = 0.027 x 2
BROE# YT 75V R Xs =0.14

THRESHRICLI VBN TBY, #RFhofIfRIC L > TAVR, RAEEOEIEIEK
BINTVD, FEHIT12= v 9500 [kV], ZEH 40 [km] iIZHH245 % RLC D 7 g
B (RREEE 460 [V])) TH B, REBRV AT LADEHIIE 6.1 ITRTEYTH S,

6.1 DAEEREEIZREIN TV S EEBHEGE ZOHBERE EUHITOHEEL, K 6.2
CECR Y. MEBHEEE, RFEICEFICERSN3EDOEME A N5 L iFFIICE
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REEST whsEme — %58 o
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3 6.2 BERBAEROM4HE

BH A N—F (BHPWM A /"—% 3H)
LR T, |FE 6 kVA x 3
1 XBIEE 460V
2 REEE 115V
Ao —% | BB 2.6 kVA x 3
EiRfEL 0V
HHEF IGBT
HFHIA N —=% (ZAHPWM A U N—%)
LT, |FE 10 kVA
1 REIEE 460V
2 RPERE 31.3V
A VIN—% 5E 8.0 kVA
ERAEE 70V
ERET IGBT
[T=Ri i
37 Y Co | BRIVF VY 12000uF x 12 I5)

FENI-=ZHA N — 5 ZEGEATEREL THH, UPFC LRILHEHE L >TWb, @E
BAHGOLFN A VN —F IERRENTOHEEDZHMEL TERI 7Y FEEE —=EI
ROZF TEARMKICH L TEBHZHIEIZfTORVWEL, —ATEINA Y N-FIEE
HERICHL TERT2EEDAZHNTHI L TREOHMEZITIDDOE T S,

6.3 BNEERILICED (RBENRBOLELFIEROIEE

ENBEARAMEBOREIRD L5 LHB SN 5, BHBEARR
do

M

—WO‘Z QWO(w wo) = P — P, (6.2)
CBWTIE, buﬁ%ﬁ P,

Pa.:Pm_Pe (63)
COAREBBESEINTVE I 2D, P, ¥ ROIESE P

MW, D

Py = = HBAT+ (B + 37) Aw) (64)
IERESE B & &, BEFENIXAD L) BB IN S,

dé

—d—t = Aw (65)

d

= = 3146+ prw (6.6)
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(6.5), (6.6) NOEFME —o £ j2r/T, 12 (6.7) K THFxZHN 5,

—0 + j2n/T. = fo/2 % j\/BF +46/2 (6.7)

BIALRD Y AT LDtk E L CHERABELEETE, 6.7)RID 6, B RO THIE
:fﬁ%anTj_ZJ é:f)“(%éo
T, EEBRUERDOERIIRIIRTEY TH 5,

) [Ol#5F A [rad]
w [l 854 # B [rad /s]
wo - EMARE [rad/s] (wo = 1207)
M . EHEHR [
D : #EHRE [p.u]
Wo @ HEHRE kW]
P, : BEHS kW]

P 1 HMAS kW]
Aw 1 [EEEFAERERZE [rad/s] (Aw = w — wp)
Aé I EEFARE [rad]

72750, A1/, Bo [1/s]| BREIE DD DEHTH S,

MEESDISE P ROIEBEHOEME P, # KT 5720 L ER EUFERLER
SBEFOMBIZONTIE, FAETHRRAFEEARAEREEORERICOEAL, M6.3
DENEEBIALTHOESEIEREB L UIEBEIREEICRT L I ICEREL 72, 4B,
EEIZH-oTiL, w OBHICHE) /A X2BRETLEE, 20T RESZHEBL, #
BT AEELEML T5,

RIZ, JEK (1] KBCTHEIN-ERBHBOENIA »/N— % OFR) - EHEIHHER
*HAWTREEHBOHBDZHAL, IEEHOBRANEEAT) FEICOWTKRET 5, B
AVIN=—FOEFEHEN P,=0L L, EBRHHOBERES P, -Pr 27 4—FNv LT,
EEBMEEOEIA N =S OEHEN Q, kHIHT A LICLY, EFIA N
FIZIVT I8 ABAD BV F v\ ¥ ABAL EMAILENEE S B LN TE S,
CDEICHRETHIET, INFTHERTELSEBHBRC L 2ENEEERIHE L
REWIZEEDLOZWEIHE R 5, —F, 54 N7 3EREBENTOELS ZHE
LTHEHREI VT HEEY IR CENREICR L TREBNZHHIITh R VE
L7,

22T, LARORERANELERTLIHELEZL D, Tbb,

Qs = Ko(F — P;) (6-8)

E9 5, E, SEBHERERTOERLE 2OMM, FHES, EHEIRU EEEHERSE
DEHMBHEE Vi, T2bLR6.1D YV, 6, B, Qi R Vi WHETETH S, V, DAL
MIEEERER [ CERTAL)CHBEINLDT, V, DKES V.13 |Q,|=3V.] XV,

|Ky(P — Pyl
31

Vs = (6.9)
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B A ¥ 3= 5 OEAEE M, BHABENEEHRORELE n, LT 5L,
1
Vs = = sMch 1
ThsHDH, BRE M
: V2
Ms = Dg[Ay\Lg — N s s = .
KK (Ba= Bl Ky= 52> 0 (6.11)
TEzbhb, Z21iZ, Tid
VP + @
I= 9 (6.12)

V3V,

TROOLN B,
—HF TV, &V, Dhifz, $abbhlim e, 13, 6.12)RE VBNV, & T DA
%9[ %}Eﬁ‘l‘f,

9 _{91+900 (QSZO)
CT 18 ~90° (Qs <0)

EL, VVicH T o5/ 0, 21552 L TE 5,
PE, E6.2DESA Y /N—&HAOFIBEFTICENEBIZEEALGHE 2 EHL 2560 HIH
REEATH 63T LHTRT.

(6.13)

Aw' MW
0 D
B+ 30)
NISZ N ISR D Bt M
o Amp. Tqhs ELE Tz _
A da [ 500 ~1.59s -5.0 -1.595 |AS MW, o - fb
. - 1+0.0069s [ | 1+1.59s 1+3.0s 1+1.59s @ ! N
£.=0.1Hz f=0THe ., e
S NEZERIALHIEOIESEER S
K,sin(2nf"t) o\°1
2 SwW
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4RISET—2 -1.59s P, +/ X
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® e rl V.28, —| i ot o omes | I%KT—]
— PG . SR
i e ViMTS o Qs
o V. O 9
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6.4 SEBERICLIZREREHOFIEEER

ENFRGEAFHOERO0IZIF, BEBHEGEZHVCTEERE N2 ERE, HHIC
HHT 2 EHFERSND, 22T, AMTEMREERICEZ T, BEBHEEIILS
EERBNOGEFERELL T, UTOEREITo72, BEEIRKOPEEELEMFLL T,
P, =80 kW], V;=240[V] % 8AZ, 63 DSWT2%Z&ERL, K,=10kW]&LT

P; =sin(2rf*t)  [kW] (6.14)

TERIND—ERBEOEREFTL 52, EEREICH L RERENOBRHBERET-
7o FAWEL f* Hz| /87 A=5 L LC, ZDBEHREABORERE, P, & PrOREIZ L YR
L72bDHH 64 ThHb, 12720, HEBHEGFORMIIEL0.1[s] L VITo7

y— 2 | a a
R N T N TN SN
= ST TR NG NGNS
2 TTTTT T T T TTTT TT T T T TTTYT TTTT T TTTT TTTT T TTTT TTTTT
0 1 2 3 4 5
time [s]
(a) f* = 1.0 [Hz]
2 !.__15 ......... pa*l
R A T B L P
o - VY WY / XF N X7 X
2 D I I TTTTTTTTT TTTTTITTTT TTT T T T TTTTT
0 1 2 3 4 5
time [s]
(b) f* = 1.5 [Hz]
o !_pa ......... pa*l
_E; (1) TN ARTIR Y s W . N
= AP X NI TS
-2 TTTT T 1Ty TT TV T[T I T TT I TV [ YT T[T 7T [TTTYT TTT Y
0 1 2 3 4 5
time [s]
(c) f*=2.0 [He|

6.4: HEBMEFIC X HEERE S DEREHEH

6.4 Tid, (a) D f*=1.0[He] D& ZDBRFFORERP RO BHFTHLEEZON S,
E51Z, (b), (c) LAEEFEL 2 HI2O0NT, BREBEIIELR>2TWA, (a) f*=1.0
[Hz] & (b) f* = 1.5 [HZ] D& EDOKERFHBHWEFCH 2HAEL LT, BERERENRKEOE
BREEED 1.0 He | fHiEICH AT EZ LN B,

INLIXFLT, 6.5 D f*=0.1[Hz] DIFEITIE, BENIHWANE CIREIZZ 5OART
BREFIEAERL T v, ZOERRERIE, BEROMMEAT L D ECHL WFHLSIC
BEL TREBRBENIZEML 2o — XL T 5,
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Do 5 : : ,OS

DEXY, REEROEBRERR: MRICKE CELSELREHIRE 52 2WRY, &
BEREDHESEHATEL I Db o7,

6.5 RIMALEILEERIC & 3 HIEIFEDFFE

RETIE, 6.3 DSWTI1z:ERL CTENEHERAHIE X 2 5L ENEREIT-
TAERIIOWTEELTT ), BEENRKOMHIERSEHE LK 63 DL HIZFHEEL 2. &
BERED, RERGTERIAH L FALELEATYS, (6.4)RDOLHIZHEHARTHNS
EHELT, BHEEB M 3£ 61 OET AV, T, ZHKEAOHEREOEHIE
HTHo0, HERE DIZOLL, (64)REABLELPL LT, G DEEZ+THK
E{FETIUE, D OREREFHHDRICER 5EBIINE V3. T2, HHEERK 6,
Bo 22V TIE, (6.7) ROBEMEREIIBVT, HHELIC X 2 BIZOBRERFEEA 1[s], BhiE
JEARADS 1s] £ %A & I o=10[1/s], T.=1.0[s] LF&EEL, B = —405, o =-20¢&
L7

3% 6.3: IHAERSH

RERY) P.=8.0kW
REBWTEE V=240V

W RAERREERS
WO S 1 HkE =S
MR BERl0bs LD 58 A 7L
BWEREH 1/0=1.0
BiEEH T.=1.0

B ER ST

B EE €

72, REDOBETEZERT A5, BEZI0.5[ 1BV TH 6.1 IZ/RL 72 EEHD
REBIBIIBIT A5 A 7 V0 IEEKEELNELLE L TE 270, 72720, SEREFIE
EHEESEO 2 XA %8k, SREBESZOHBIIBERHRER?»5To72,

INSEMEBERSEMHELT, UTOERLT T, BIEL-RHOHEER, K61 d
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