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Fig.2 Reactive power losses of 750 kV substations
under 1V /km north-east electric field
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Fig.3 Reactive power losses of 750 kV substations
under 0.5V /km north-east electric field
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Fig.4 Reactive power losses of 750 kV substations
under 1V /km north-west electric field
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Fig.5 Reactive power losses of Hetian substations

under electric field in different directions
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Fig.6 Reactive power losses of Huaibei substations

under electric field in different directions

22 GICTINIRFERERIFEEMN A @A E

G5 2—6 ] U5 B GIC JC 3451 FE Bifi J2 07 i
HAL 375t B 1 ) AR AL R

(1) X C A X s e 1), 25728 FR 25 1Y T I A6
i H R A7 5 B ) 3 o R e MR, BIAE 45 T 1) 1Y
JEN M S AT R L R T N 4% A 45 3R AR E 3y
Z 18], TCTIABTFE AR R 5 R A 725 Fe i 2 1 52 11

(2) A28 AEAH R v 08 B AN TRl 37 7 [l |9
M SR ERR Y GIC TCIHRFE 3 A X BIAR K 5

() EEAMAAR 5 T 5, GIC TCIFE Ay K/ xt
ML 377 1) A AR e 1 e

(4) A X I AR 265 3 iR 7 4514, GIC 6 1)
FIURE 8 25 18 K A8 B i B b

3 ETCICEYMRTFEEERNSZM
XIHiR A 77 %

% T B Mk 2/ R RV D) s B sk =
R AUEE— I R G LI 3 B R R o 22 K
BVt 2ok 4 O 45 11 i PR 2K b AR LR A5 AR L B
RREI T IAMER B AT W, N T AR T T
M5 AL, 254 2.2 ML A (D), 551k
SRR M FRL 37 9 BE X GLC JE AR FE 23 A 52, E X



014 L/ AR {7 G-

®39%

T HRE ™ VA HE A, DA R 45 R XS ) 2%
T, S A2 A0 DX (A L 3 ) TR 531 ) R
3.1 GICEHINRFETEEIIRHE X
XTHL S5 i AZ HL k7, L GIC JC Yy i #E )™
FEFE bR -
(. normali . :M (7)

_ o,
Horb, Qs WS LG FHESR E I A5 1F i T I GIC T
DI FE BT B 25 3 5 iel, 1A 45 % 1Y i 3 3R 55 1) 4R
B A2 I AR T S N O TE R,
Mo o il g 2 R AT RS i 42 B ol
TCUFE B (AR A b 25
23 A (7) AR, 2578 W il B JC U AR S AT
PEAT T A —ARAL B, e (R — 7 ) B RN L L 3 L A
PRAR A% B TR AE Q. 23 Bl FEL 57756 1 119 6 T S 2%
PERE AN AH GIC TEIHFET™ H L TEFR Qe o P IRTF
AR BRI (7) A Ak B 7 V5 BE % T 5% 3 R, 37 58 B )
GIC oI5 AE 43 A1 (52 MR, HAS k8 4% 742 F, il 22 1]
TCUHBFER R/ AR R FR
BT iR A T R PR B AT DAL B
SRR b L 37 1) £ R T 22 HL 37 R
32 BRBMXIBHIRAFE
5 F i A 20 T A e Sy b H 3 1Y) 1)
IEZRTDT [ B R 51 00 A o T XS BRI, fE LY
968 RH 22 180° IR, Yt 28 %7458 R, uily v P i 0 2% Pl 2k
P& GIC R/INFHSE I 1 AH B, 0 7 A T DA AR Y 2%
FEA Loy o AHSE 772 2R B TE DAL AR ], PRI A
SN FL 55 TR 7E 0°~180° [R] 35 734
XoF 245 5 HL I it il 0°~180° 45 [R] B AR £k (1) 34157 L
Y AR RE M TR S b i T 4™
HERIR RS Q.. WG RIS
Q= {Qlossinorma]iv] s Qlosenommati2s s Q]nssinnrmali.j’
JE Xl QN
Qmsz{Ql’Qz,”'»Q”f‘} (9)
H, QAR ML T, 2572 R as o D Ag ™
HEES QWES o M IEEE, L B2k
A7 BT IR AR B ] B R LATE 5 /0N 0 ) £ Q1 4
FERT LR RITESS Ko TEGE AR iR )
PFE™ T BEFR AR E LR G QP B B YA
O BRAEZE N 1TRYEE AL T Q. Q(ieN" ) RYEE &,
Q.. BRI L 2 A (B O B i 2500 1 B R
) QP AR H R 8, AT A HidkE IR AR
WEIEZS A, B 25 GE R 40 vh 4% 742 Fa o 1) B A4 GIC e
THARFE ™ B BE AR AR TEAS [R1ER 0 Hh H 37 07 ) T BRI ik
MBRAE IE 5341
G55 bR RS20 AT & FARE RS 0 A 4, o8
oy S I I 5y 52 0 r o o AR AR v L S A
2, FEAE RN GIC TC U0 #E ™ H 8 F5 R T 1.96 1Y

) (8)

WA 0.025, GIC JC YR FE/™ H AR KT 1.65 1
WEA R 0.05, £ L I A SRR B0 , 78 25 7 X 45
HL 1 S50 045 728 v ol 1) JC Zh A0 A8 ™ B i 4
i, R P 28 v B 28 L 4326 LA 1 7R o
*1 ETFGIC RHRBETEERREN S ZHRXIE
Table 1 Definition of vulnerable areas based on GIC

reactive loss severity index

Qro rom A 3 A
>1.96 T AZ R
(1.65,1.96] 5 2
<1.65 AN e 4, AN 5 Z 4t

FE SLTC T AR ™ B AR AR 4 X R T 1.96 A%
HEL 3 A 7 T A2 A R A HEL o R G R AT, A B
BT 5 R G AR d 3 BB 2.5% 1178 Ha iy
Sk PR AZ AR DX, T L R S i T AL, BT PR
Tl 3 %o} HL 0 2R G P O 38 s I 1 ST R A I B
FL 35 1) PP AR AR A Bl B e AR R B T
A . R, LT RGE T 7 582.5% 1)
A HL il A 7R S AR HE R RARE RR  H pl R(E
1.96 Fl 1.65 U5 4 19 5 32 $ 4% 8 3l i 5 2 1 S5 1R
L A% AT B AR RGBS, 7T RAE 24 = R,
P 2D 53] 1 Sk ) A i i 5 XA AR L SR T 5
R R RAET , iR I T i FE ™ B 48 bR 4
SHE KT 1.96, WA M TEL E RGN, % 3 &1
T, HE T A A A AR H s 2 A

4 BBl

AR FH 2020 4E 750 kV LR B ] #EA T 2047
B IZIRAE A 1V / km, 7E 0°~180° 22 [a] DL B4y
Tia) 4 10701 0.5° (1] B 340 5 i 2 B b e S i 1) o 1
TR ) 245 T 25 AR B 1) TE T 5 RE P E R AR A, 4 B
B QI Qe , RIS LA A RE M A ] 7 AR 8 Y
o E7(a) M 8(a) MR M i Q. A1 Q. G
L1 A M 5% 1 R AR, 1 7 (b) FIEL 8 (b) & RE AR B3 1
Q-Q K (Quantile-Quantile plot) .

Q-Q P13 5 FH A Ao 56 A AR 5080 1) 1E A 1, [l v
R R UE LS FEARUE S B A R
JE T DL B R AR AR (1 IE S R . AIE 7 (D)
P 8(b) AT LA i, Q. 1 Q. IR A K T L)

0.4 2 -
@ 0.2 P 0
0 ¥,L

-3 0 3 -4 0 4
Oy HILHR BV oA \TE
(a) Q,,  AMBREERS  (b) 0, ,MQ-QH
E7 BIERLEMHEFAEQ, FhIFERIE
Fig.7 Characteristic of @, , distribution under

every 1° interval of geo-electric field direction
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Identification method of power system geomagnetic storm vulnerable area based on
GIC reactive power loss
XU Yini, KANG Xiaoning,ZHAO Chong,GUO Mingda, Ll Gengfeng
(Shaanxi Key Laboratory of Smart Grid,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: The change rules of reactive power loss of substations under different geo-electric intensity and
direction are analyzed and then the GIC(Geomagnetically Induced Current) reactive power loss severity in-
dex of substation is defined. The index only normalizes the actual reactive power losses and does not
change the relative relationship of reactive power loss among substations. Based on the index,an identifica-
tion method for the areas susceptible to geomagnetic storms in a given system is proposed,which can pro-
vide a basis for grid planning and operation under the influence of geo-magnetic storms. Finally,a planned
750kV power system is taken as an example to verify the feasibility of the proposed index and algorithm.
Key words: geomagnetic storm; GIC reactive power loss; GIC reactive power loss severity index; probability

distribution ; standard normal distribution
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Fig.Al Classification of substations in planned grid
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