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Abstract

High voltage direct current transmission system based on grid commutation
converter ( LCC-HVDC ) is one of the main ways to realize the long-distance and
large-capacity transmission of new energy power in the ' Shagehuang ' area of
northwest China. With the continuous growth of the proportion of new energy, the
problem of reactive power imbalance caused by DC commutation failure is more
serious, which aggravates the transient overvoltage at the sending end, and even
causes the new energy unit to be off-grid, affecting the delivery and consumption
of new energy. Based on the structure and overvoltage mechanism of the sending
system, this paper constructs a transient overvoltage suppression framework for
large-scale new energy through DC sending system, which effectively suppresses
the transient overvoltage caused by commutation failure. The main work is as
follows :

1 ) The structure, mathematical model and control strategy of large-scale new
energy DC transmission system are clarified. The causes and evolution
characteristics of transient overvoltage in LCC-HVDC system under commutation
failure are analyzed. Aiming at the conduction ability of transient overvoltage, the
voltage response characteristics of new energy base during fault are analyzed.
Based on the power-voltage relationship model, this paper constructs a quantitative
relationship between overvoltage level and power fluctuation, and systematically
analyzes the main driving factors of overvoltage. The research reveals that the root
cause of the transient overvoltage at the sending end lies in the superposition effect
of the reduction of DC reactive power consumption and the reactive power increase
of the filter. The two together lead to the redundancy of the reactive power at the
sending end, which in turn leads to the transient rise of the voltage. The reduction
of the strength of the sending end power grid will further aggravate the severity of
the transient overvoltage.

2 ) Atransient overvoltage suppression strategy based on improved DC control
is proposed. For the rectifier side, aiming at the problem that the conventional PI
constant current control over-overshoots the DC current command during the fault
period and causes the current to be too low, based on the nonlinear control theory,
a second-order sliding mode constant current control strategy is proposed. On the
basis of meeting the basic requirements of current control, the current overshoot is
effectively reduced and the reactive power consumption of the rectifier station is
improved. For the inverter side, aiming at the problem that the conventional current
command cannot effectively suppress the transient overvoltage during the fault
period, a current command optimization strategy considering the feasible region of
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DC current is proposed. During the fault period, the command is dynamically
adjusted according to the system state, so as to realize the effective suppression of
transient overvoltage. The correctness of the proposed strategy is verified by
simulation.

3) A transient overvoltage suppression framework for large-scale new energy
transmission system with new energy participation is constructed. Firstly,
considering the nonlinear characteristics and reactive power absorption capacity of
new energy units, a new energy second-order sliding mode reactive power control
strategy is proposed according to the local voltage characteristics of new energy.
Combined with the proposed improved DC control, a transient overvoltage
suppression framework for large-scale new energy through DC transmission system
is established to form a complete and effective transient overvoltage suppression
scheme to ensure the safety and stability of new energy units. Based on the
empirical analysis of a UHV DC demonstration project and its supporting new
energy base in Northwest China, the performance of various control strategies in
transient overvoltage suppression is compared, and the effectiveness of the
proposed transient overvoltage suppression scheme is verified.

Keywords: Transient overvoltage at sending end, commutation failure, LCC-
HVDC, nonlinear control, large-scale new energy
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1.1 REAIREZREN

£ IR AREE T, RERESAENNREEBEDIE, KB
RFTEX I ATERER B RME SXIR, X—BENNILEEIRE WS
MBRBEFEES . HELEHE “XK” KEEHF, BERRBRERZKS
ERGEIFERGET (CAVE., KBE R FEE M X J9 5 i X BY XUHE 6 AR 2 15 &Y
HRAR), LE “PX5E” REEMBRIREEENHNEHFEFSHI,

KEAILLBXRE “WPRR” FIBEERERTNZOXE, BEES MrE
RGO EEH, IUARTERRPERCEE —GAERTNE . TEB®%
BYWETATRSOLREMBES. A, mILHXFRIEFKEIERHFEEZER
S5REFRTRSAALEMEHAETESY, FERIAUTHEANTE: Al
HMIXEAFRIERES £X, HAMEBHEFREXNER, SBOIEE SR 15
HANRAANE:; AT AMAMSHRERERBMETELRE, SMAMIFERE
AR, FR FARECTIM R AR AH RS R AN E . Bk, Sl
WEEFRENSHAMASHAERE, REEE TMEUREESLIF R NE
Bl EFE B AN N PR VR IRE A REL

RN AERRSESEAERHTER AR (Line Commutated Converter based
High Voltage Direct Current, LCC-HVDC) EfEHKFE. Tl EHHE. 5%
HREFHEENE, CRONTHETFRIERINENEMNEEZEFEARFEREZ —. LCC-
HVDC 5 [E£ ik T R a B TR0, sasi e R H R EM g
F15MET R, FEB ST A B o g, FRE IR R IR S 7
TR O A AT E. kA, LCC-HVDC HARMBMEBE TRERIKARFE
g2l Zgetsk, SAKAW. KEERED R, HaAEE. KEEH
MR T, HAALHNE R RN, B ERERE.

$F LCC-HVDC, A 5 WOZ —Fh i B i s B R ls1, i T & 1R [ A
FIREtE, BMAHAMPREFERED T2 A, MR TERASS KMNEESTE
I, #HAHRMSRNE RN N (ChZEMER), HEENMANBESE
BB EREIZIVS, BRI SMEYH, ZHmERBESEIEEK, ERER
iz EF, BECEmBEMSM LTI HERKEE N, EmTRASGHRNYESKB
& BMEERERBIEAMES, BRBEMESEEMBERmREE R, Bk
FIEThEFERIR R D, TICH Bmys Wi S LI E Lk R R, 5[
FEMEPRELY), MRLIIBANE 5w B, FEEN A SIS HEE,
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BEEERLHEEEFENGIEEM, RZIHEERINTRES S EIGEENL
PRSI0, e I AR VR AR R E AN . AR, REC KA SREHTH
MA R B e VR VLA RTOAR I M SR E R 2015 SR IR R E KR
FROCR A RS, BB S HAEIR IR 200 & RUBEFLAR K, HEH 4 50 5T
L, MENKBSEEEIESR MM SR 2018 FEREBRIEHZTR R L E K3
ROESAAR R, HREFEER 400 & REYLAMRM, TR&HE 8B 70 TR

BEEFRE VR E L AR A MR, EMBEZRLRHBIET, EinBEMN®
FEZETREAR, AR RIS K B9 A B R ) B0 5 0 PR (200, 53t Re YR Ak
MNZEREBITHMRTEERSE. H—FH, BAXRMBEESELEEREA
BEEE R, SHEEHIRE, BMEEERS. 2R, ARIETREE
MFEREREIFRA ZRENPIIBIEE 7, RANTF B A R MG R0 K
FRELEMNEE RGN E A E B EMmelskeg, MEBFEITENHEAEEZ L.

1.2 BRSNS ITIA

ERMEHGIEERINERGT, HRHERMARETRS S KX R TR R
gEsSdmE. BaE A ER CINS AT EXS Lkt e i 8% 11 4] 5%
TFTVERABIIL, T AR RG] R REIR IS H REE ST BEHLE R
RIS AN 5 E AT IR, RFERGE R AT S BUR .

1.21 EXHBEENERR

WA R E N, KAGFEFELERIL L R E A 8 E 5K W
EREMERBRMMEHERAEEEVINRER. XHR[21]BT AT #A8 R M E
FATHENPRER, ETFRRERSMRASETIEERE, HHSny
S BESEREEI R Kikim B MR EE IR, CR[22,23 8 i
B RGEEBEY, FREGEHEERTRRAR LI TE R, #SFT
FAHRBZ R TEREWE ST BEMEEITER Fo 7 HEEILE
SCHR[2410T 91 7 B I 38 AR MY 52 37 B s 0 3 X 326 i L P RO B2 W, 3l 5 4 A 13 R A
AT i R T AR AL I RO Ak R A R EL R B R W R, 1R IR v R R vl 2 PR E ER
FL AR AR R I L B A TE ) S g AR D VR A4 Ak SCRR[2513 R IE A T &
NERHRRASHEN TSI RIERRE, R ERZR 8RN E RS H DL &
MR ERAA TSRS RE R BRI T EFEE, HEMm &R
BATHEEFERE. SCER261AE TR ERIMX EHERILERG AR
B, B HEEHFEY, il RLC HERRN IR FBRE A ERE, H
HBEEREEREGSERERBERZ —.
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P BT REIRALAIZ R P A WA, $ A 208 A5 s IR b 3R .

1.2.2 BT A I M SR 5
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™ =0 (3-4)
EFE
§() = Zx—smx) +g(ou]
o5 s (3-5)
500 =21/ () + gl + o

BEHMAuNEE s EXAFTHEHZTE, BB FEEE
s)BIETE, HFEF -—MEIEST ) =s(x)=0 . HTFuBEX 2 RoHEE,
HESEEFESIHE T RGN EHRER. —HEENEsiETEn e 3-3 frox.

g=0
B 3-3 g REsh
THEEER T ERR LR -MEBREHER T E, BRlEA o bR
B u, RSB u, AR, FARFTHRELZEBEAZNEIRS, HHR
REZEREE_NREERA.
u=u, +u, (3-6)

LREHATEFTEIE s=oMu=u,, FARG-5)F, BITHETRGERE
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HILRARFBLFENB

FARIENR HFRIEH v, F RS RER.

EwEEEHF, UHREHBEXRBA _MWBEHEEZ, EHBEBRES
(Super-Twisting Algorithm, STA) KRB e Vi S EmB 2T Z R
AR B e L MRS P AR T I A B SR s PRI S, FE7EH BRI E & B3
FERE. XHRITANEERATERER, CETRACEESHE I T
G EER P FENSREIRIER, NS TEFRE. EREMEH MR,

WHERIAN _MBEEETE - T FERRESHEENEE, FA
ARBEEs XTEWBA u A8 1 T EERE, AT I A
Bu, BBRXXELEHREHRT, ZHEEEIBREEP Y SRERENT.

u, =u +u2

u, =—4 |s|% sign(s) (3-7)
u, ==A,sign(s)

Kb 4. L AEE.

Y [E]/s
B 3-4 #HRM A
W7 B UE RNt I R SRR PR LR ERE . A
3-4 fin, BATTLLEER, BT -PrEREN MELMEIVHREANEEHELH
2 4, T 2 CLR RN AR 7 (T A BULE D B i B v N T R HIE T,
PR I — 5 T AR R S 2 911 ) 4 8 1 4% 1) O B BRBES

3.2.2 EHREHLZIT

(1) KEZE KR

HERSTAT R, e BRER IR TRE S FERI LCC-HVDC
FIRETHEFRIENR . RIEBEE 2-2 Fis LCC-HVDC R4 E X E W15
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3L VAP ) e JUA D'

jd =Lid(Udr —-1,R,-Uy,) (3-8)
HTAEZRREMRTEES, XTEAMBRASAFTERELBAG L
FHMEFRERPHREEGRETERS, AGTETEURELES SR,
ERAERSEEN BRAMNRASHITEE, SRERBEU, 5ERNMER
i o AR ET LA RE-9ER.
U, =135V, cosa—-(3/7)X_1, (3-9)
KRGE-HWAXGE-8)F, A5

3X
ﬂcr 1, +1,R,+U,] (3-10)

I, =1.35iU, cosa—i[

Ld Ld
HTEBRREHESMAAc EEEELMETP, THEEHEFRITH—
X, FEXNKG-100#—PLE, ERGREBTARL—MEHRITEL

teie, BEILBEEHRGEHSTER:

. ) 3X
I, =1.35iU,[cosao —-smao(a—ao)]—i[ <I,+L,R,+U,] (3-11)
L, L, =

RF: o, AERBEIETHBRNAR A .
KESAGENERERSE RN, .
x=f(x)+g(x)u (3-12)
RF:REREZTEx NERBRL,, BHBAN s AERREFNESMEA,
HIRMEE f(x) . gx) BRBRERMRGE-13)F75:

f() =1.35LU,(cosoz0 +a, sinao)—i[”(—"ld +I,R,+U,]
L, L, (3-13)
glx)= _1'35LLU’ sina,

'd

(2) BREBENX

“THiERERREH RN E P FERIUTSENEER, HAFNRE
b TR B A AR I ROR .

ERHRRER KR BREERAERH AN RE R EMINF M RKER, H
WHRRLIETRRERSERES 1, . RB\ERIT BIRENRERZE e (EABE
BEsHEXL:

s=e=1,, ~1, (3-14)

BEENSEN:
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ks I RFB AR

§==f(x)—gx)u (3-15)

XEE R s XTEHEA o MENHHERN | EG, T4
B 1 e R AR R R R B i

(3) ERERRt

“HEEE RRERRITNE =SB ERT IR ERRER R, BT
THERERTERRENES, RERA v BEBEER o, MBI o, AR
R b 76 0 4 A b e, RO 0, S0 B EAT it

W 3.2.1 FRIEH R w, BRI TE, Fi=oMu=u, HFAKXGE-15F, WU:

-f(x)
=1 3-16
R -16)
R 3.2.1 UNeisdE o, iR THHE, FAZHBESBEEREZE, .
usw =4 +u2
u =-A |s|% sign(s) ' 3-17)
u, =~ 2,sign(s)

¥R B-16). RGB-1DHEARG-6)FHUBI _MEEsERENE, ok
GB-18)FiiR:

u ='—f(i)—z1 |s|% sign(s)— j’ Aysign(s) (3-18)
g(x)

HRGE-1)TFARG-15)F T LUEAERBEN 2L, WAG-19FF:

5 =—g(O-A o[ sign(s)— [ Aysign(s)] (3-19)
(4) RN S

TSR BRI R TR EX AR THER SR T R ESE .
ATRIEFRRTH M EEERRERNRENE, NAG-15FAEEE
BREHHTREEER. AETLH, #AG-15ZUARUTER:

§ =—m|s|? sign(s)+v (3-20)
v =—nsign(s)
RF: m=-4g(x). n=-4g(x).
SIANFTHRERE:
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z'=[z 22]=[ls|58@<s) V] (3-21)
xf ERKF:
. 1 n
Z'=[z z|=|=—(z,-mz) ——z,] (3-22)
515 A
ZHIFEA:
1
5 51 ‘Z'E'l'l'(zz—mzl) 1 [-m [ 13
s _n. “2lz)|[-2n 0|z, (3-23)
hV
SEXERLERBL:
V(Z)=7"PZ (3-24)
R, p=[‘1_”2‘222 _2132]=PT>07%—¢X#$$EE%B$0
AREREERRBV(Z)20.
XtV (Z)#ATR S
V(Z):ZTPZ+ZTPZ=-izTQZ (3-25)

lzll

—4nd, +m(A, +44,7) —%(21+4/7,22)+n—m2,
ft':F': Q= 1 °
—5(/1,+4A;)+n—m,12 22,
Fril M REQ N E BAERER, REV(Z)<0, BEFHEBRRE - grT
MRG-200—RBEW. '

i
n=miy 4 (421 (3-26)
R QI LA :
| (m-22,)(4 +44,)-4mA> 0 ]
Q-[ o 2%] (3-27)
HAFIEE -

{ P =(m=22,)(A4 +442)— 4mA,? (328)
P, =24,>0
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ks ARFMEFEARTL

EEBFEQHRNIERER, Hp >0, M:

2
m>ﬂ’%@ (3-29)
Bm. nHARG-2600RG-29F, TUBBEMEQINEEREREMNARSL
f#:
[
A4>0

1,>0 (3-30)

/112

LA+4%

RE_HMrEREERRENSHEHE LRFMG, EHRANRET HKRE
SEHT

(5) ITHIF/SHEE

RIE BB S R, 5 RGAEH R AR FMS, MWHXSH
BRATERREMRT. ARAESH, FRAGEEZERIWTRA: H2HA T

i, REMMNMEREE; ALHWASREEE. RN, 48K IEELEE

H, BEREIBRR. BEAREAHARE, EMNEREERERELIAS
HRMECE.
@i EN B OERBE, AXFTERMGESS50E 3-1 fiR.

x®3-1 EHESH
2 75 BHsH ¥E
PI SE B S 32 k,, k 1.09, 91.57
“HiEEEs A4 60, 4

b
“HEEEERES AR EAREROE 3-5 fin. BABVLRESE
HEEY, HRABEREHEIRNASGREZTAREN: REEHREHBE
THTEMEXAEMEEER , FAKBEE xTEHBA BREHEEENKH A1,
&, #iTEREiEd, #5, WIAEFHFE UHAERIBEERZ , BitiTisH
B ERIEMEITTRASREEWERNBRIT S, a8 EKEH A
D ; BEFEREFE LR RBE AT EN sl EEToWwm
Hlr, BEFEREREWEFBSHGE, FEH(SEAELRERA,
NTFEEFHEEHESH, EELRTES, NZHEEeBEBH& T4
W, fhiEsE.
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HAER T RERLF AR

rebIE R

Bl R R A1 2

Y

( &R )

B 3-5 ZriE R E mE R ROt RER

3.2.3 (hEWIE

7£ PSCAD/EMTDC i EF &%, ETFEHRKHEMEI (CIGRE) Hiilr#t
B, BRNBIES Pl E BRI H] S 8 A SCIR M Z prig e s s f il
FEALEHBSH R TRAFNER FEERSERERERETHE, UE
FEWHI HAE TR TS RRFE . 8 6 R P R B2k 58 #7031
FARBRIE T rREHIERESFZ A TOMERE, R £ 5k R ™ E f iR
BURTHEESTHATHRMMEE, £ERUMEEERREBH TS
WRRAEHER, CEHREHREZERAT REMNBREINESTHER
Mg, MNmIBRIE T HERA RGEHEWNNESREETHAES.

(1) & L By BX ey BE SE 38
5638 I R B R B B B U T TR R R SRR R R T I B R A
W 3-6 4% AT ER W 2R 50 7 A [F) 2 R AL R T R T B LA R O e S
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bR AKRFBLFEARI

2k UL K B AL AT D2 SR B i 42

P : 1100 . : :
11k i i — — PIE B ]
U 1009 fosme —— —WhiiE B
. — hEE fﬁmﬁ— l
5 1.0 et =
2 S 900f
2997 1% 800
Zos; B
Fo7] e "
06l L 600
\,f' 1
0.5L— ' : ‘ 500 L— ~ : ' .
20 25 30 35 40 20 25 30 35 40
18] /s i [8) /s
Ca) FLU AL IR R fHh 26 (b) A T3 mm 5. ih £k

& 3-6 AR BRI RIRIE T R 4t £k

EXRTHERHNZERHSHT, ZERBRSEERELTER, —HEEE
RS EM Pl @ BAREHAEAKRKBERE. mANEUERESRE, &
Wi ER ARG E BRI EATHE R, AN, WRHEHTETHERR
A% B Th Th R A 2 0 0L A R R A

(2) /N TS Ml 82 338 3 BRI 38

£ 3s R EWRMSERERAREATE. B 3-7 508/ U5 T RN
=R/ A= R/ E/ﬁ,EEJ;T:EI’JﬂI']F“EEH?%

1.02 —
101
3 1.00
= 0.9}
2 0.98
0.96f [ J
0.95}
0 30 31 32 33 34 29 30 31 32 33 34
B 18] /s Iy 1] /s
(a) ¥ HL I N 26 (b) H it B N h 26

Kl 3-7 eIRM BRI R REE T R4
HE 3-7 ATLAEY, EAMSITHAT, Pl EHAREFHSISBERBRAE
FBEBR, T ZHriB e i N g B /AN BB SIEE, R MR &
GHRERE. M2, ZrEREkEEae EH B TESH P . £
HRBEMKEEE -, —HEEEBREH RN, EREEE LHER
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LAV ap T e SRS

T Pl EHHES.
(3) B pE RS EE ik B8
AVELTEZHERBE S E BRI R P RN
FEEE MRS, | s W ZmAC MR R A B e, SERREERT AN 0.1s.

1.2 1.6 —
= ————— [~ —PLEiiiiE ‘ 141 ! — — PIE il
s A 1 | | S i | I —— BB i)
M, | T S120 N ek
sl T g i TR
= 2 1.0
= = 0.8
= 1.0 o
ba 0.6 I s
i Y Memme 0.4r v =
v —— B e e
0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35
i [8)/s i a)/s
(a) 1% AC I BEZE L (b) EifH
1400
1200 ERKE
e = 1000
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& &
200}
| o . -
0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35
Bt 1] /s i 18] /s
Ce) EEYRAM ik 2 ffy (d) HIHP=H

Bl 3-8 A T & B T L 4%

HiE 3-8 ATA, HRWMAMBLRERMYEE, RERERMEN, =*
AT R E B R IGRE RN ES. dT _MFREBRRER AT PI
SE FE 15 ) RE A5 X rE AR AL E NIRRT LUSE BRUE ol A BN B IR A A A
AT BE % B AR FE UK P 3F BB h T 1A (F R S BUO AR IUK T . stk
FHTRSBERSNERZHRAE R TIhEL, THEEERRIHE;
REIACER B 5 EBRBHEAN LTI RE M, BRMLHERERD,
EHTESEEEMNBLTSTRE, £ 1.07s NRESLEEMNM 1.155p.0.F
BBET 1.10lpu.. AREGSTHRENEN, BRAKEHIIROIKEERN
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HAb s R ER LRI X

R, £—2BE LT HRAZNZEERE.

(4) FERIEX

AT IE A R AT IR B AR A M B R AR S R AR B P R AR =
FREEH MRS, 1 s BRI R AE B b, SRR LR IA] 09 0.1s.

13
= T “|' ,-;rl = T T T T T 2.5

9}
=
T

to
»
-
-

ek | 1))
'l TL%{L{ v ]"

i
(9,
T

ELI LAY pou.
=

=
W
|

IX R AS I BEER L/ puu.

0.0k ;igJ

e )| ST S SR ST R . P S o Tn By
0.951.001.051.101.151.201.251.301.351.40 0.951.001.051.101.151.201.251.301.351.40

I (8] /s 5 (8] /s
(a) 7S BELE IR (b) M
160f = preasidnl
140} |[— —Briiti g
=
S
=
0.951.001.051.101.151.201.251.301.35 1.40 0.951.001.051.101.151.201.251.301.351.40
i 1) /s T8 /s
(o) HEi ml ik %2 £ (d) BozhZ

P 3-9 ™ B B T & A& T W R 2R

mE 3-9 fin, YZHMAMBEREZMHUES, RELHTHENEHG
WA R, R ERZRGLTBEEI TRNMEE. E£5 —KEEKRBE R
W, HTFFEHEE THRBRKERBAEE, EmZRELdRENE—
AMEEWHIE, T 1.15s BEF 1.175 pu; R, ERGEKESTEPRES
IR AR RO, P s BT ) T B EL IR SR I M M 2 O O B K (R TR &
BIEE, SHEHTREBLLIHEENE - MNE/EFIE 1.245 pu.. MLLZT, =
Mg e iER B ERER AT ERUMAAES, EEXETE KR
FA R WA JB] B BB R AR BB K P, B AN B RIEERKE 1,121 pu. B
gb, BT HEAUKFEREA, Fritisl e MR T ELRMBAMRB KR, &
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b s I KFEB AR 3

MRTERRAAFDNRNKEER, Fr@&% T BERMUMKAEZIRE, A
M#E— RN T ERRRRSSERE.

3.3 RESILIREE

e RRE B —EEE LA ST R, B R
HHERBELSEIHIHAGHE, M2 EmREH M ZRERAFTR. B
BR[631FT &0, AHRMRMIFERL T, 124 VDCOL #ZHIHATa KK mfiiE 4Tk
MEIESTRE, dRmlfaasERERERYK, BEREREBESFE Y
WEM, MERBRTT®R. B, AT#H SR ESEIRE, FEEERE
ERERATHOEMLE, XS EERamES#Tild, RE\ERFEKRS
AR S, LA I 8 A1 i s i 23 ]

3.3.1 ERERAIITIH

ERBATITHEEABEERARBITERES, SBFRNHEUTHITLAR
FHMERBANEGE: —RELQHRRAFARERSEHRMBRY, —EHRL
HIEANSHR. Bt B3 H RN BUEZ B B R IG A A B R4 R AW E
PR ] o

AT BGEREREHERY, FENEREBRLUF #17RKE. RI\EGEF
BHERE R, HABRAERCREBATHREERTEREN, REEREER
WRHWTAE /1, RGml; SHRMAERRHE D THRMERTREN, &
MEAZRAEENREAE, PRIKEEERRE N, RELEEFRM, #Mm
BHERK.

u_need ~

> I~
L >

ot , slesl ot

B 3-10 EEAREHE
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b i AR 24103

-0 AERTRAEEIATREERREE, BRS, .  NEFLR
BAEERRGE: S, HEFTABRHEERERE: S, W TR L
HREHE: S, . AHETARAEEERE. EX¥IATRAERRMER

RTFHABRFRE:; HELATHTHRARNMAERK, SEHRMAERTREHE
K, HRAAERREEZIELRSE, TSI KRERK. BRFE - NMEfREE
R, LR EREFETRHEE, 0XGE-3D)FR.

j;ﬁm \/5UL,. sin atdt = \Eg"‘ (cosy,;, —cos B) (3-31)
ﬁ*:xmﬁﬁﬁﬁﬁliﬁﬁ,-ﬁmlro
ATBEBEEBHERN, RERBR LR, HRER
_ \/EU,. (cos ¥, —cos f)

L = X (3-32)
AT BGESEERIE, FEXERBRTAR L, #T7KRE.
S A8 3 P Y
= TH
I B8
B 3-11 XL M
WE 3-11 fios, EBETLAT, RALITHEIRTEHE, F
QsN +chN =erN (3-33)
BIRAZRSRBET LHAKG-3)ER
— - QsNXs 3 I)sNXs-
Uy=Uy U J U, (3-34)
HTENIRITEETEmME )N, ZiREXEGHSESES, B
X
U =Us~-%:v-i (3-35)
LRAERHEEBE, G5 EERRE, EHIRHEEXR
O +0, =0, (3-36)
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AL A RS R4S

B, iR REGLEEERRANG-37)

' X,
v =u, -2 (3-37)
UsN

HU A TFEBERFREU, 0 RE-360H=EAEDFA
v,-U, U

rmax "~ sN

0, X

' Urmax ’ -
: Qﬂ_( U ) O (3-38)

Q;r =Id J(l '35UrN )2 —-tjdr2

NTBe AR, WERARTAR L, MBESY

UsNz -UrmaxUsN +(Urmax ]2 Q .

I = X s UrN

o Ja350,, ) -u,?

SZERFR, ATHBGEEEBMAEMATHEESR, ERBRFE—ENE
W, MERERITTR, ERIFERESH, FEETITHLAR.

332 BFHE SR

HAXE_ENEBITMN, ERERLEDITRKEAF A ETEZERZFAREE
MEHELIRWRZIR D . BRMHBELIIRSHERBREVIMR, &
WAHRBRES L,  BERGEELHDRESRT.

{REL R HAE], SR Ml o WUE B R B IR et [BL@ # AN <81 100ms,
HATEERWEBRANEBEE, ATHRIEERRZEWREE, TRBEZM
KERAATAHMBERES: SHEHE, ERBRGMBEERBRSHEE
LI, NEEBRTHO,, BEEQ, , MUATERRZEMKL T HAY LI
firo HIEATHEXHEIREP LR, REBIRILBERES, BERSK
RENSRAERER, #AQ, RERFAZL.

HHERE, SHENBERGEHELINITED, =0, A

(3-39)

erN
I, . = (3-40)
" Jassu,)i-u,

HTERBERFETTE, BRBESRIHREER, 7
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b I REBLF A8

Lyin Sy < Ly (3-41)
BRI SRR S5t B 3-12 BroR. IE# T DR 3 AH 2k ORI 46 i
B, U1 AEHER 1, RAERKERERES: RMBERESREZ, &k

AEHER 2, FABERRLES, BCERERERESENITERBE,

G,

Up—|——
: 1+57]

min —» 1,
Oin 4

Y1350, 7 -u,

B 3-12 BSR4k T 4k #
3.3.3 fAEIGIE

£ PSCAD/EMTDC H# 2 Hr KM i (CIGRE) HAAMEEL, @il
5 B X b 43 47 A5 BT 3R FRL R 48 4 0 4k SRBE X0 8 250 v FR #0 ) AUHE

(1) BRRERES L 336

AFELESZHER GRS E R BB R TR B P RAEN R
FREEHL R, 1 s B P ACIR BEER R A SR AR BE b B, PR RS (] 0.1,

HAE 3-13 A[4, YZmMREMBEREBMBEIES, KRERKERMEK, %
A MR A RN ARG SO NES . R MERBER, RILarmBR
BAMEFE—INRIEKTE, EWERBERNKE:; RUEHRELSRERS
RERBRE, HRBERKEEZFMR. EEEHRBRACFHRES, RAFE
WIS HFELTI IR K@, BIEFERESTIH 1945Mvar, HE TR0 AT 8
WMIETIHHE R SIRAT 565Mvar, NEEEERKRTERREWEDTRE.
BEEWARALILRMED, EmFALHEKFHRER T RERK, #
1.07s if BB AT EM 1.156p.u. TR T 1.076p.u.. BRILZ 4L, BHHETHINE
MR EREHLFIPERA, RETERRENREEBITRI.
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