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Fig.1 Network structure diagram of Shandong-Hebei
UHVAC loop network
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Table 1 Summary of N-1 limit operation mode of
loop network lines

MW
ST LR P e
’%;(ﬁiﬁég 10000 10000 E’ﬁiﬁﬁ %@,ﬁgﬁ 6797
Ex'fﬁﬁff 10000 1000 E‘;;ﬁg i,é;fg 3802
E'X;t‘@%%é 1000 10000 %;;ﬁg E‘;’E\L;‘ER 2838
A'%;fﬁl_ﬁg 10000 10000 E;gg T&E*@ﬂ% 2375
ﬁﬁ%&ﬂ‘zf 10000 1000 ﬁﬁ;ﬁ& ?&ig‘z 3163
ﬁgf@_ﬁfé% 1000 1000 ﬂ;j‘i;g'z @Eﬁg 5451
m;f%gﬁi 1000 1000 Hﬁ;gﬁ %ﬁﬁg 4037

T % 10 000 MW, HLE AR i & 55 XL R TT
B, SR X LA KA SN INTFAIL, SR — B R R T
V4% 6797 MW, H 24808 N-1 KA Jm i M e L 145
BRI — B ARV RER R TT =
BE T 2% BB i R 2k B A BR Oy =X, R AT =0
N=2 T Wl B8 1) T 53 03 BT R 8 — il I o7 45 55 T
IR R, DU & — 3 B ik R O o
1), 475 EL 53 BT 5 — 97 156 B o 4 it V-2 Dy e
R LL, DI 8% Lt A R 1 A J 0 O B e
I3 IR, BRI 2 R
R2 EBEZFATHESEIMEHEN-2EEBL
Table 2 Power transfer ratio under N-2 fault of UHV
loop network lines under full wiring mode

HOCPFAE AT/ MW TR R
R/ MW R Sk s &/ MW /%
H—R®Ik2m)  >10000 4037 7159 3122 57.27
W —R (2 ) >10000 7259 8237 978 17.94
S —IE (2 ) 2600 3506 4198 692 12.69
FEOE—E N (2F) 2600 3560 3989 429 7.87

FF LT R IR G — R L i N-2 Ty 5%
BRI, 2o e —M— [ k& T =R B 5 —
TR N=-2 J5 o5 — I 2R DR A 5] 2 870 MW , i #4%
FRAE 2600 MW, H BT 3o 38 1) it

T — X P P At 45 B Rl e T 2k A PR T =0T
AH R B2 % N-2 BB 1 D R 6 88 LU 3, A 4k
I AL BR 6 5 3XF I8 W ) B Tl R

2 HRIEFRFRIEERAY 2 B T 0k RS

2.1 ZERBERMERE
ST BRI VILG D036 P, Fde/ N B0 i o

JofF




%9

TURRIE | 255 - D0 of 4 o 11 B 190 e I AAVREL ) I Y 22 I R A Ao SR &

AP, R f PR PR N-2 FF B e 9 FA R TR] A, 52—
Lt I, AL LB v] R R T ik R 5%

Hbr k% :min‘APd o

HARA R P (AP)< P, .

HRHH RN 0.1P, <P, + AP, < 1.1P,.

Z,.<Z(AP)<Z,,.

’E\m%ﬁ:{S[e(APd),V(AP(,)]= o
Hrr, p (AP Rt #oo kR &k P, Wt
P PAERR BR A 5 L V8 1] A e R 2 LR IR A AR
Mgz Aol P 19, D 3 BB R B AUE 25 5 Py
110 % ~ 110 % ; SLO(AP,) , V(AP,) 1 i % X 24
W5 Z(AP,) Ry Hoph A e [a) 0 AN 25 X 29 ), 48 B
TR R AN S | 2 A R R T A SRR
[, — > 2 A2 i FEL I [ B 1 LA RS [R) R, A 6
R 1L AR i P X A T T 9 o U DX R DR g A DG A
ot H R ], DA B PN P 555 T 1, an R b —A
i 0 6% T TR e 2 1 A A A A B ) A5 O — >
) LU0 P 326 it L IO ) R A R AR L A F 1Y)
P SRG
22 TEHKWEEETERMBEX
22.1 M BARKIA)FAGE | Z I

AT B IA N (%) U T 2 4 B A7 E IR 1 3% 52
Uity , XoF T L U T 4 B ) Ao 2k [, ) SR G o
TN ELI I BTS2 0 B TR S R i
R 25 A0 A WA 3% 32 A A, AR ST X N—2 T
fE HH AR ) 0 1 B ) g — B R vy R 2R 8, 2 HH 5
BRI A2 v T AE RS ) DL TSR A TP AR 3 B
T TAE B 255505 A2 e B, S DRt il o 3 1A 61 1
7T, 88 25503 i 4 L D0 VR o) R JBCEEE 688 1) 981 1) 5 1), 4
B5CZ Vit ) L S VR o SR BB T B 9 ) 1

AT B ARk Il W N-2 J5 D R R A
PR AR S 0 Tl S5 A I VR ) R AR, DA R RE
b2 6 i 3 W T 71 S5 50000 2 3 «

AP,
A= AP,

Hod A R BB PR R R s AP, A B A )
Rk i, BRI IS B B TR A LR T R
B 22 {8, AR A5 AR ] 5 AP, R B VA il 5 AR
KT By Ty Ee A Ak, B 5 8 0 ) 2R 5
HIZE(E, SR AR Sl IE ]

MR (1) , ELFUR G T GHLRE ) TR 110 I8 i 4
it e, A7 BB S IE HLRK T — 5 1 B, W3 I B
JE 5 A OGO R T R R (R ) A (B 3, mT A
LI AR H ARkt sl T T 114 A R0CSZ it L3 5 [ BT R
3 VAR ) AR Ay ELRE R T — 5 10 B (LT
AT O L T A A sl AT T ) 5 A58 s LA o

(1)

DL 2 I 75 B 0 H ) be B R TR 26 6 K R I
] R, 24 be Be N-2 FFW G, TR DRT R AL TR Y
A TOAE ) 23R 1) B R ) R BBORE LI 1A A
RGN B HABE KT — 2 1 A, B 2 109 il
RAE ] 1E H KT — 2 A9 BE, W B 1.2 40 51 2
be BEZR 1% 1) S 0% i R A2 0 B X T fe B IO
JEZR B K Tl R 0], B 1.2 B A fiE S 45 0 o 1.
L, AT BB AR 2 it ELIL , AR X L 4R i V-2 5
K TT Ty 0 BT R ) R R ) I | O R RREA
LI R/ IR EE A

GD— o . o @D
v/

s |
A\

e —>~d — c\@
B2 IRWEREZEHERBHNSEHE ZHTEER
Fig.2 Schematic diagram of DC modulation equivalent

sending and receiving end of target transmission lines

of loop network
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Multi-DC emergency control strategies for thermal stability of

UHYV loop network faults
XIANG Jinye',ZHANG Aijun’,CHEN Dezhi’,LIU Shichuan®, YANG Mingyu', XING Huadong’,
BAI Shuaitao',ZHOU Jie',LI Lixin’,JI Ping’,TANG Xiaojun’,SONG Yunting’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University , Baoding 071003, China;
2. Inner Mongolia Electric Power Research Institute,Hohhot 010020, China;
3. China Electric Power Research Institute, Beijing 100192, China)

Abstract: Firstly, an accurate and traversal search method for locating the thermal stability problem under

interruption faults of UHV (Ultra High Voltage) loop network is proposed. Then an optimization model for
UHVDC (UHV Direct Current) to correct thermal stability problem of loop network is established, and a
fast and practical method for fixed-step gradient descent optimization is proposed. In the solving process,

the concept of equivalent sending and receiving end of the target transmission lines of UHV loop network

is proposed, and the physical meaning of the control strategy optimization method is enhanced by giving

the multi-DC modulation sensitivity, modulation direction, modulation step size,the modulation effect of each

iteration and so on. Finally, based on the actual UHV loop network engineering, the PSD-BPA simulation

software is used to simulate and verify the effectiveness of the proposed method and strategy.

Key words: UHV loop network;multi-infeed DC;emergency modulation of DC power;thermal stability;sensi-

tivity analysis;gradient descent method
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Table A1 Summary of DC modulation strategies
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B SR—im & Rl
%% 4054 MW
B SR—im & WUl
%% 4565 MW
1 & — AL Al
RIhE 2 721 MW
TR — IR AR X [ 7
RIhE 7 370 MW
TR —IR AR X [
REIhE 7399 MW

ESR B — & 10000 MW, ElF—m ZXUnl B UK B AR T4 3 830 MW,
FR{E 3500 MW, it #;
WG —  HE 10000 MW, EBlR—m ZXUnl B OR B AR DA 3 802 MW,
FR{E 3500 MW, it #;
ey ST N Y—ALENE w5 LA %N 3599

BT 1000 MW =K N-2 ke

BT 1000 MW =K N-2 ke

10 000 MW =7k N-2 ki MW, FR{E 3500 MW, id#
g I MRS W —R RN I —1nl 3 029 MW,

1000 MW 7K N-2 b FRAE 2 600 MW, %
P — L IRYTH ISR A N 5[] 3 412 MW,

1000 MW =Kk N-2 ks

FRAE 2 600 MW, it #;

JH AL T2 2 500 MW
$RTFIRYT HI 2 000 MW
JH AL T2 2 500 MW
$RTFIRYT EI 1950 MW
T FFIEYT E 300 MW 5 F5
£ B9 200 MW

$ETHEH HIA 1800 MW

FETHEH HIA 4 400 MW
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