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ABSTRACT

The process of changing the gas turbine from a stationary state or cranking state to

reaching a given speed is called starting the internal combustion engine. Through the

role conversion of generator and motor, the power source of gas turbine at the initial

stage of start-up is provided. A set of frequency conversion (SFC) equipment as starting

device makes alternating current injected into frequency controlled generator to drive

synchronous motor (controllable frequency, controllable speed) to start gas turbine. The

frequency conversion of the SFC provides a controllable frequency for the alternating

current injected into the generator stator, which accelerates the rise of the generator at

a predetermined rate during start—up. During the start—up process, the magnetic field

generated by the excitation current will exert a certain excitation current on the

generator rotor. The excitation magnetic field interacts with the SFC magnetic field,

and the SFC will determine the operation of the excitation magnetic field. The main

research content of this article is:

First, the background and significance of the research on frequency conversion control

in gas turbine power plants are explained, combined with the current research status of

this topic at home and abroad, and the research content of the whole thesis is briefly

introduced. Then, we studied the regularity of changes in parameters such as stator

voltage, stator current, and rotor speed over time in several important stages of variable

frequency startup, and then discussed the basic principles and basic principles of

variable frequency transformation technology that can be adopted under the current

technical level. The control method is analyzed. When transforming the inverter, it is

necessary to consider the actual working conditions of the inverter and the influence of

specific factors of the inverter, and analyze the working principle and performance of

the inverter. Next, we describe how the stationary converter (SFC) rotates the gas

turbine to complete the startup process so that the synchronous generator of the gas

turbine can be used as a synchronous motor during startup. At the same time, we

introduce in detail the equipment composition and main equipment of the stationary

frequency converter (3 The working principle of three—phase fully—controlled rectifier

bridge and three—phase fully—-controlled PWM inverter bridge. Finally, combined with

the daily start-up curve of the SFC device, simulation and harmonic analysis of the

voltage forms before and after rectification, before and after the inverter, are carried out

to visually simulate the SFC device. During the start-up process of the combustion

device, a variable—amplitude variable frequency alternating current was finally obtained

I11

by simulation. The harmonic hazards that SFC may produce to other electrical

equipment of gas turbine power plants in daily operation and the corresponding

suppression methods are studied

Keywords: frequency conversion control; static frequency converter; gas turbine;

simulation analysis
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3.4 ARFNGEZRE EIR T A EBATAT ORI, OGS I, KON A S RFAIE . PR RE S L) SRR oL A6 K]
RIVFCI, AFEVE 2 5 ZE AR R A 1P [N AR O AR A L R o, WP FE N BB 1R SERRS DLIEAT S5 & 0 T LASE,  IE xS AR S e
MITARVERE . JRBESEEAT VIRAWITT, IR B MOREAR AT IRI IGE . 17

% 4 B L ARER I A & AR

4. 1 [A5 LA A S 3k S B [ 20 A L A R il SR E B 5 A T REE N E T 584,

GROBAE AR AL RIRE R N, A OB Y S AN R B RS NS 5L, R AR, TP
WZ B A EAEH AR, 8 Tt AT eds, HUCR AR ENE T AU AR AR, 5 Send St AT it
2y, VRN EFHRE TIOROE, 4 H 2 T ROE . R ED R AL A Dh R B A IR E, WA BT 5
2 B DI h R N1,

BN Zh R AEON B R R BT AR iU R A BN, B 7l A sl s e, iia i it N5 1
GRAH o ARy, NTIAEE T B AR B B, BN R R T RIRE, B R TRRGE . R, KL
A IhFAL LS A, DR Mg e, JBH , SRR ARV,

Pl S ARSI (EIRRES RBE D X T cos RIENIE. Bk, 2B ASIHLA AT 5 N _E SR VIR ImEe &
ZNHLE RS R LA R s AR RN RS e sifliadT,  BURHIR im e A s WL o 2 i FEEAT S k-

[FD LR F)D 1 5 SR M i e/ o) MLl 2 RAFEIEHEC R . Al = 1= 60 1/ (4-1)

WATTUAE H, 0 TR, 10E TIeEWIAHEERNT, BRIR N, AN, o 8 E . et an SRR
AIFE oS L AR

2 BN R RE R 15 BB o I3 ] AL RN, JATTAT DU L SR I 38 & ) AR 3R

4.2 FEAR R 0 Th 5 B 4Lk

4.2. 1 R PEs F/E FIARSE AR S HEG, SFC HA LT JLAMEM:

(1) A ES AT LU HLES KR Sse ARRL 30 77, B MANLIR IR B0 /5 28— 8 MR SHHAE, T LE AR a1 4 mT LN
KNSR L 75 A AR S

(2) i ILASIES BEs BT — € T TE IR RE T, LI UER AP R S0B3R4 T R S RTAEHE Y BB R A A A 2 17
AR, BEAARRERE X 18

H AT iR .
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(3) F ALY REUS LML 28 LRI RIS AT, Lt s R ML T EARFRAE 5007800r/min FREERFHL, SKRIEATH A 7
s AR AR AR A ] DA BBAALSE T .

WRIEE 4.1, —EBEBARIENN SFC Jash RE LEREWNETTR,

B 4.1 AREHUR AL B L AUE 3 R B B AR YE L, ARSI 3T o0, 15k, ERAREAUE SI%E, KL
U A 6 TAE, SFC ARIEBESECHLIS 30 T 5 B AH B RS- AR B B L T . SFC XY [RID sBIHL FiA 44, ke b
AL ST R, XHERSEHIT B S k. JLik, SFC ZESE RS LTS IR TAE. H 2R
SFC LA 0735Hz FAB(RATER, XTFEIEHENLRIETRES, RSN TR E R B C SRS, AP REmL G, Bk
MU GE s K, 5 58 ik

TAE o M KSEMZ TR FE LR WA T I, e dE AWt mEl 2500r/min B,

SFC fE5ERR T EWATESAE LA, WA B E AL S s g i TR, fa, BRAEeHIIAARTE TIEsE, H
AT HE I 2 TAF Pt 7 2 80 8 3k

ERAN IRz F, SFC RGELILTFETAE 14 4080, BRAECHINLAE N E R 9B 5 3 a1 2 TAE B il 8 e 1 75 2 2
18 4.

4. 2.2 o 1EATATS I A 4H R 5 A 5 T AR R B 1 AR AT A ) A SR B SR IR RN R, 1 S L AR AT A M A N ) [ 2B
HANNL TAEFT R R S8R, IEBA s s SR M R 4t i e Ok T it i, 19

SR S5 FE A [F) 20 s S M LA A A BRI HE F IR . AR B L A4 2% ) Hh B 5 A AT R oy, R AR A — S LR 1R AR
PR B P 1L AR A X P AP ST . EE L AR AT AS ) T A R R T AR A I B B o mT AR S i H - AT LB AR OV E
Bef LA as, RIS —2c AR Aias . i A E R AR SR AS 0 AR SR B L B e DA AS R A B — s, B S A
PRl LI, ARG PRI T B R AR AR I FL ) R AR, B DO RO TR B L AR RS, BT EAS AT RS . B Ok
B LA R — B A AR g, R R A TR LA B R .

L. B A SR BN AR R I R, B, (1S RARTE RS A A B TR S RTINS TE
b i s A S AR AR AT, # 7R A WA 5

(1) ShIFE SRS .

d R — Rl R B K T SRR, BRI MIRAE S, BtV ESR, FFHmE 4.2 FiR, SIEAER PN 4
FEEMAZ, BIEE =4 RIS ML & WS AR P2 FEAR e, AT DAORHIRE, Kt E b T 4 77

(a) Z5HE (b) SR r iR I 4. 2 e 5 5 1 45 1) P25 2% i i

(2) TAEJEFARYE LSRR, S g e i, R e 1 R B PR AR S S AN (O FEE:,
FHAR (A T2 BB iy, XFfm B T (b . 2 e TAERE, Py B Al B 2 R IEVE T K I P 50 ) H T
5 S EE IR K fEdil G A EER: . SRS PR i A

fF, B TERHRRIAEFAR SR, BARZIAIT:

a. 24 & I A2 Bk I ) BE R A PR TR A, 1) AR b 1 — ol sz 1 BEL OB IR

A, TEXFOIRETR, b W ANE 52 B fa) e s AR5 0 -1 T

b. 24 i B 52 BK H IE R BHAR A rELE R, A A8 1E 1) FUR i T T IR A6 R, S i 42tk iT Sl . 162 KA TE L
s B IRV EIA I AL T — P IE [ SE R 20

A, A W BT LA IR IR R R S

c. BHFEECETESHEMEINT, — BN — & & 5 15 7 BB %,

S LA i T TR T DR FE R IR AS e, 10 57 R 2 DR RF 24 1 S IR AS

d. fE— M T, S AT 52 4 FIERPIRASH,  HWA 76 £ BB R sl A BN, B TR I, & )
FEERTAERES, NEHEERRN,

2. BIEASRERAE R 4.3 PR, ER R EIR B AR A AS - AR I IR AE A . FEIX N HBRSERY R, DRGSR SRR
BT TR BEH RSy, A0TSR ARTE BB A IAE FTE T8 0] DA B i HE TR B R R R BB FE B s AR B
TE LR 2 HP A FAE T8 AT DA E 38 50 L 1 L0 08 [ A0 g AT 6 R AR (R BB T AC i FL AL s 10 = AH A 4 S e FEL I P VR
TET 20T LU B0 N i TARAZ I f 3 8 TAE T R I AR Bl . R BRI 2, TR myE s m R K,

[RIE, 30670 g5 5 AT R FRD I8 FE AN 52 $7 3R A 52 0 o

K 4.3 ARAEs 35 FLEg

(1) ZAHAy R g L E E R 4.4 Fros:

B 4.4 ZHIMr A da e v i R B P AN R A it R0 TR AN —, DR LR AT 75 B FLb AT 0 28 — R A W mi AP 21

A SERHAR RN SRR A . FL P SEREAR LA SRR VT2, SRR VT4, @WEVTe =Fh; TILPAMRAA S VT, &
VT3, BRI VIS X =M, HEARR T/EEBGZE VT4, VI6. VT2 X =ANILFHAN S FEE av by ¢ =HH

VSRS, TILRAMZAEA VT, VI3, VI5 X=AEIAE S av by ¢ =FHHEMRE.

a. iy B BH G R = A A I o B 1) AR I 100 2 = A A 0 L B R IS Ay FBHL AR 2, AN LIS P 30 A (R R AR

& 0° 71200 .
b. iy BHIB AR B = AEA 2 A 32 2 B 1 AR AR 000 2 = A s A s it L % AR I o FELRR A7 3, S LR N SR 1 A R A S
A 0° T90°

c. M =AM A e B R AT S BT E e e A AN A AN, AR e B B UK S B R, JF H B8
B R AR E TS A L B e PR T M, RATTE T E L BOE kA 6 IRIIRR A G . &ZE LT ER R
» BATR B[R kb AT T 5 BRIEZAh, DAL A IR S (R AR BR o ], BRATTIE 75 2225 18 BIE B2 A i I i HH I AN K A
o SR RAMERE T R 80 SRR s B R B AR RPN € =3

J ¥62sin () 23+ 3+
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= 2.342cos  (4-2)

WA H>60° K, BRAEETFHMHEN: € €= 3

[ V62sin (0@ € 3+

= 2.342[1 + cos ( 3 +)] (4ﬁ

(2) =R As i BRG] 4.3, FRATRTUAGE, Bt R R S 858 Al e i AUB AR . BRI
JECIE U 25 BE 05 AT R B AR 00 AR 28 B A TR L 2 R s O oy i, TEBRIS AR R, B AR A DR AR 2% 1 H U SRR IR
TEXANE I A, AR RS BT Pe AL ) = AR IR BE RS 0 Z S 2 rR b T 0 b . ARBEIE 4.5 AT,

NIz F, SWER AN ENEPTR, BETES, WA NEERR TAE, mH— & E T EMR A
(T1, T3, T5) , FA—AEREE R THLIWA (T2, T4, T6) . 22

P 405 Ui F i A L L 1207 BR 240° & WE I SIE MRS R A, b RIREES) 60° AREEAR —
A%, SR SIEGT T, £ 16 &1k, g3t T1 BRI, WASKE K, TR =R BRI 24—

60° HLff RS IR RS A R CRPREAR Rvia) fEH, JFHE 60°

LA R SR I B 4, LN e RAR LN B AHFEH A C AH, IBABENRIHTN ZZH 0760° HMAFE 60° T120°

(3) PWM 21| A iR BRAE VA2 1 Bk 9 BE B G00  ,  IE 92l JLAt g A2 ) DU PWML 42 ) 45 1A [+] 1) 225028 o

B 4.6 P PARE IE5Z PR B BB 4.6 (a) BT M, BHAEANIESZBFY R N Sy, #aigioe s A% E
A KR R BN IE 5% o M ER KR B I LA S 90 FE A SR, R PE B S AN AR R, e rp Jik b Tty AS A2 7K~ 2R 1 A2 i
2k, 1E5% h 2R 1A AR A AN ik o s P BB AR AR R] o b kb e AGE R 56 FE AR R, MR FESUE AR SE, 23

B — BT Bk R AT B 4, HAE W S A BT AR S 1S DL TR AR LA A IE 52 i i i S A TR Rk i i 2
MLR TR, W 4.6 (b) F—dRkH TR, WRESCHRTFFR PWN BRI .

MR HE RS, o ok EER IR ER RS G S, FEN RSB,

Hbx PWM 32l RS S EOoRIRS . B TS50 = A B 178 T R 2 M ELURR AR AR e A G FR IR, S = A mT LS
BB, = AR R AR R AR B MTRSIE S, P ESIALE S BB A RO BAR R, 15 20 ko v 1
5 R P B A B A O e B, X R A S PV AR S . B SR N L, R TR g5 R 2
SPWM ¥ H, FEREFLH A T X — k.

(4) =AM PWM RG0S B P G 4.7 AR P AR AR B S AP 4.7 AT, X — AN PABSURR M A 3 B 7 R
=AM PUM BLSAREER . BN A=A e €

ME ULV DL WX A PW B, MALAERE 120° RIRHEZI MRS E S e € . € €

& &

o X ZHMIE B EEHIA R DRI R8s, WX U MHHTHN R, e €

PITEDL T, BB ER T AN N, R THE V4, RS RS VI 558, X8 U N SSHEBEEE NS €

M=z —. H® &<

IS, J5H V1 [FES3E V4,

XA 1 @

@' LT, Hhfe s E R VI R VA, fEfhs) 7 Ul 8iE 2 U4 IO, VI (VA) SEEE e
VD1 (VD4) L3t 58 A AR 5 BEL/ER G 380 ) HL AT 7 TRD SR A8 PR, X 175 400 AL T 0UR A 42 il S A = P R 30 A e 5

DR UL Ve W R TR T —Bus Tt 7, ettty & € .

" PWM YR TEIRAE R AEIE U 2R S R AR

THEMe &

FREATLE® €' - €

Q' MEN TS . 25 bEnfs, HEdE 7 HE 6

o1, Xk e €=

, o HHETHE 3 O 4, XNe €= -

, > HBETE 4 A1 24

6 S 1 A3, XHe

€= 0. R4 LR b, PWM PORRIEU AR RLEHEN =M EAHEBRT 0. € &

- &

SHEREMER . FHAREBLAHEMEE € @

MeEkr: € 0- @ € - € €+ + ' 3 (4-4)

HAR (4-4) MRS HELE: 0. 1/3€ € . -1/3¢ € | 2/3¢ &

IS -2/3€@ @

X AR SR R T B F R 1R PWML 38

4.3 RB/INERZTANGE T FEBS0Es (SFC) 25 B Wi RS A AL R0 Kk B HLTE Ja shid B2 GE RS/ N IR D B sh LAE . e
RSN 2ok 5 O S AC HILHLAL I Jr 2k 72, RIRF VRGN 4R 1 B LA A AS A & A RORN £ B 4% (AR B, =4
S5 PWM RUARHE) AU TAEJEREE, 25

% 5 Fi b ANESTERR SIS S R 1

Bt

5.1 =M+ ikt R g o TiRIEE 5.1 T miImgs, 12 Mkf i Bmr s s a2y SIRE 2 1. il
EH—AATLLSH 6. 3kV FIWILAASIHE AR A 500z () =HIAS BRIV N E R R B AIMERE S, g — Mgy
WN Dylldo f) =%
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BT . SO BT B B TR

B 5.1 12 kb4 B

FEEERS ) SFC FREAR AR, KAE) RS 6. 3kV, TESFC MR DL R BRINIE T, Hig&km =T
R AZ i FE 3 ) R FLI s 1o, A0 IR HLAL T, A LR 40 e Ak B AT DL B S ERF G .

MRAEE 5.1 BT s, Bus BEHUE —A =M HCRAEBIE, JE T = A = G820 e 8 DA R+ ik & AR 48 H B
A S .

HhK 5.1 iR 12-Pulse Generator FBLE 12 ki KA IIIZEENTE,

ABC =AHWIGHL RSN . alpha_deg il & ME . Bk R AR B Blocks MR BEE R Freq X PUZEHER & H 1) 72 M w] A
MANESE. BTHPRAEZRNME A 26

B A St R R L O B R R R A B, 24 U=2. 34Ucos a I, Rl R /g FEAE e T A8k, B R BERSIRIERT I b T
) B SR 7F Bus HEHCRAERMR FME DL, —AHAZI R AT AT ABC = ARG BB IR MEFT B IAC i i, N T

WS TAERDL, ¥ Freq #FRMERE N TH 500z M E. Sk R AEZIEBlock i I IBEREN 0 BN, {#
RAAME I TAE, Bk & B g2 T IE W sk .

K 5.2 6 fkrtRAERSEERIEE 5.2 A RMLLER, SEKMPEIEE T kbR AERZEEE, NSRS 0. 02
FOE] 0.04 RN E —ANAZ AR 2 IR AR, 7EIX — 3 N BT I 5 T ik b R AR AR R T 7S AN A [R] R AR T ik e
K. SR 5.1 Rl Three—Phase Transformer (Three Windings) g = =ZeH AR k28 oA 11, HARLL &
6300/1450/1450, LM Dyl11d0 , HERZ 5300kVA,

BRAX —$ A R e A SFC PR B A8 R 2e A S8 . TR B e S E e s, RHENERRS 2 %, Br
PL Uab 1EN Y B SRR MR B

EE 5.1 BIERE R ITUE W, BFFN RIEXT = A = Ge 20 AR s a3 M 1

ATIRL Y BA AR RS AR T 00, S5REIL Y BV AR A B L A AI AR = T 30° o R¥E
K 5.3 MBS T, =SB ES A BT AR Y B RG A S L, MM EEHEA O RER 27

SMTHREA 30° 2R, &R A I 12 YRBKSh R AL, T ELRAE [E A R R ], X 12 ik
PRREIAT L PR A Y LA

K] 5.3 Y Al- AR R SR E A Ta

b

5.2 SFC 3 BEAEWANLA 31 A2 b i v REAL 0 AR AH LRI TSSO ik, 28 — D R RIS M R GE (RIFR TCS) OBtk
— SFC RAERNITEMBEE, SFC FEZINE] TCS BIA KM a4, HIFRMUMIEtILL &L 6kW Wrikasd= &2 H SFC ok
SET; 7R SFC IR )R b R Ge B IR A 20 s il b R e e i HE i, T DAARAR AR () 22 T HE R SN B R LI S8 724 v
s RN T EBIVLEITIRES, FRS@EE R () YL L S A 2100 # /5y, HOABIIX—#id 2 J5, SFC #2UX
F| TCS MUBMIIES, BN EREAT, ST CE A MR FIFE 4t SFC K.

Kl 5.4 PAARECHLA S B ih £ i B B AL H W S s th vl 43 Fn R S Ee ML s AT AL, RS EEHLEDTT 28

JAWEThRE IR A T BAL, (EFE H 5 a3 ol i B B B, MR H B shBd A B, Bl 5.4 BRSEEHLE shih 26
Kl 2 F R OLEM K, ANRBES ARRBREINA RS AERERBEINEINNE, E. A, BERREFHEL
HL o ARRE BRSO 2R LA N2k, ARG o BN T A AV A bl . N TR T iR e MU Bhig 7 2, B H T 6L
TR REMIMERFILARMFEEILEME N 60 /B, HERMFMLE KRN 26kV, RITILIL A, EHJIAT
REATHEF M, ARG R

5.1 BROINLL S B i 2615 5 0 M 75 i) 3 SFC S TR BER LG T r/min REANUSE Hz E FLHEE k V

1.9:06:48 #iz 00 0 2 9:07:10

R E THE 360 6 2.6 3 9:08:00

B g F & 1080 18 2.6 4 9:10:20

Rt fite 7ok 2232 37.2 2.6

5 9:10:30 iBH! 2448 40.8 0

6 9:11:20 JBH 3000 50 21

¢ 5.1 o BUR SR HLLE R B i 28 v 0K B I 5 T

- 9:06:48, SFC 8 jFah#tia, ULl & HEHLE EEIPLIEITIRES .

A 9:07:10, R T RSN, HEZE T KBHITGE L REINUIREIZIT, Ml BamikiEE.

- 9:08:00, LM/, REH TR TARAHEDIRE, R RHLRREE 7 3047, BIFR AN 5w Aok ee s 0t
17, X FEWUAH AW BT, e SO TG E K T HRARE, TR Boskbe i o8 Z R e 7 K.

F9:10:20, WELRITIGE THEHA, BEEERERENRE 2232 ¥/ 5 Eh,

SFC & B Jlk /D 22 I L R SN 48 R FLFTLE 1o

4 9:10:30, T E, HETFERIAT SFC E AEibm A EAlE FAHUE, iz E CFIbiEer, KEPLHRHL
Hzhizfr, BEIAP T,

A 9:11:20, WEZRHERAEE RIS, B0 SRR & K LA e H g R

21KV, R ML AR K B B e s, B 3000 #% /47

PR DUA Y SFC 25 m) B L P N\ H T i sh B2 e A BPAaE, £ FREZE, 2N “JLTFHR” .

TERHT SFC BN B G shid #E v, AT E0SHHIEMEN 1500V, 29

K SZEEEHTRR, BEEUAHHE 2.6kV. S AW, BARE K N 1.4, W% A2 B kN
2602V, BEAIAFIFRSHEE. SRILE 5.5,

B 5.5 2.6kV A2 HLE M

5.2 SFC PR P it 5 398 A F e 18 U O3 T
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5.2. 1 = kb A P B LB D 0

L AR BSOS 7E ) 4 12 B it v ORI R R R T SR iR T e AR —

SCRAIM SFC B AGTEARERS . WRB UGS, SHED A8 12 ket

6 k. BOZUREEAEMEH Simulink ZHAF v —AH A R A BRI, AR Sk R 4

SEBR L) A Bk E I s B 12 Bkt 12 koG FRE TR E AR I AR AS U R REAT X SE RO 6 kiR, FE
BRI, HRAATEK 12 Bkt es.

LA L 12 Bkef BT A R AR IS as M B IR PR A, SRR Zh il 1. 6 kb it 17 6 4> SCR, i

R E 6 N switching impulses

T A-AREASERN 6 ki 2 By 5, A8 RIS =AM el B i S S A A S AR RT3 T, ABUE kot

fi AR 0, i HUEEGL KM, 28 reactance 55T 0, NAZHM AL M RM ZAJEIT N: 0= 0 € €=2V3 @

0-

-H)O -1 © =0 (=6t 1) @ =2 XJ3® @ X &

&€X (sin - 15

sin 5 -17

sin 7+ 1 11

sin 11 + 1 13

sin 13 = 30 1 17

sin 17 + =) (5-1)

A (5-1) wf%l: B & KIEEA Fr g, nTA@E 6k+1 (k HEED

AT B4
£
BEAIZ GF SR ib
1. B IR AR AAS ¥ 4% S T A JR B
4.1 [F)25 B AL AR A0 3 Ji B[R 25 % B AT F AR [R) 20 FL Bl AL,
2. o, W ANEIENEES, XA WS EAER R, i — E T e d, B AH]
THIVE N E 132 3t F AT A [+
3. JiEkk, BEWIGMIRHLEIRIE N T S G e R, IR 8 T b AR BN FL B
4, HEREERFEAT RISy, BEILACARAS AT AR LA A AS AN (R SR 1L AR RS X R AP T . B LA AR ) T AR R B
TAEAS UL B i 3 N nT s AR A T
5. MR
a. 2 198 52 2R B ) BHAR R H B, o 1 78 6 2 Kb — o e ) BEL T 48R
A, FERXRFOIRET, & IWEAE SZ2AM #0118 .
b. 24 198 52 2Rk B IE R BHAR A sEERS, RA7EIE R RN T R4, S84 ST S8, 1B EATE R
s BT EAE I b T —Fh IE 7] Sl PR
6. SERERT, — BN — e & 5 1E R B U,
B AANE R IR R IR o], R 1 AR 2 R R 24 AT Sl RS .
7. U=2.34Ucos a I, Kk fEAERLE TRN, RARBIREHAHITRNEREERE; 7€ Bus HEREBRMIE
BUR, = AHAC I B YR AT BAXGE
8. XUH, NTH
LB S TAERGL, ¥ Freq SAR(EWE AT 50Hz ML . Sk k424 1EBlock 3 O RIEUME R E N 0
9. 30° WIZERE, EHCERMATR B EERI 12 REKSIEN, THEHRLER A BIEE R, X 12 kb K
FEA SRR
10. ZZRARRMEHIEMEE RN 60 #/Fp, HWRRRBMLEEILME N 26KV, RIFICAHZEE, EBULA mBATHE 24T,
1. 1 BHNLA G B Z 15 s 7 5 B s SFC BT B R ML IR rv/min KHENUINE Hz B FLHBE k V
1 9:06:48 %Iz 0 0 0 2 9:07:10
Fra it e FHE 360 6 2.6 3 9:08:00
FraE 4Rt FHJE 1080 18 2.6 4 9:10:20
FrE4 e 7 s 2232 37.2 2.6
59:10:30 iBH 2448 40.8 0
6 9:11:20 iBH! 3000 50 21
*
12. FAWT:
b4 9:06:48, SFC #:E Fzshi%kia, M K HBEHLEBESHLHBITIRES.
13. HFEFEFRKALET SFC ¥ B ZILmEBILE FAUE, HHZEE cEIRET, KailbBiiesistr, BEE TH
LZST
14.  REHLAE KR

21kV, K HENIESE KB H e E, B 3000 #/4).
HULAT LA SFC 3B M & ENLE FRi A\ HE
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15. HEWTHHH 2.6kV. LAWK, BUE&ME K EN 1.4, T HHAZRBEN 2602V, HEAXBFREHE.
iR 5.5,
B 5.5 2.6KkV ATy H R
5
16. 2 SFC PN EBHEIM o I 5 000 AR L IR I8 0 AT
5. 2.1 = AH Bk 4 B H B R R 0 BT
L. AR J H AR U 70 1) 4 47 3 o 1%
17.  HABE AT R SR, fi o KPR 4
SERREAS T AR B E T R, B 12 BKkiF. 12 Bk AT A2
18. WA ENAE . 6 Kt ElEBERaS 7 6 4 SCR, Mt NE 6 4> switching impulse.

4. 008 H4FL4y BeEH 1612
FRALSCHR S
FZBRANSCHERE i LG . 33. 8% (2574) XFEHIE: 33.8%(2574) SEALTN G (0)
1 \SFC%%E%%E%K$Eﬁ§ibii%%qjE@Simulinkfﬁ%ﬂitfﬁji 29. 7% (2259)
b (M. uEH; BER) - (EAERFEM 18 ) - 2015-04-01 B/ENE: &
2 [03100_1120312047 747 29. 2% (2219)
M - CERIBBA X E) - 2015-05-08 REEEE: &
3| REEIRHUR LA B s B R BT 7 3.7h (283)
Prpmd (M. RaRis; P) (Ll d-18 ) - 2020-05-24 B/ENE: &
JESC N

BB A BUE S E BB M A B FE VIR, BB ARERIZON SR G, H 5 R R Y B 5 W8 R 8%

Bl 5.6 6 Bkih B s S i i s 2 B B s B, HARHE R R AN s RO TN S 0

5.6 6 Wk AT R 2 B o R R IR EE, (B BP0, BB BORAE,  AZTM
reactance 2T

0, JWAZFLO LR A ETT N: 0= 0 @ €=2V3 @ @21 &€ €=0 (=6 *+ 1) € €=2 X /3@ & X
224

&X (sin +15

sinb + 17

sin 7 + 1 11

sin 11 + 1 13

sin 13 + 1 17

sin 17 + == ) (5-2)

B R PR ANAZ 0 e B 2 A S UmT A, 2 A5 EOR R SAE BOE B R I, XR E T A Ik 2 R AR e
, AN BB NESE, TEM R, BT 1/3 AW, S REN 6k, iZiEN 6 kSRR
] R R AE 1 %
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