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A two-stage reactive voltage dynamic partitioning method based on transient voltage characteristics
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2. School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;
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Abstract: To address the issue of insufficient transient reactive power support in receiving-end power grids due to the
widespread application of high-voltage DC transmission and new energy generation, a two-phase reactive power dynamic
partitioning method considering both speed and adaptability is proposed. First, transient voltage characteristics of nodes
are constructed based on the margin between transient voltage and its threshold, as well as the steady-state voltage
recovery level after a fault. Using these characteristics, electrical distances between nodes are derived. Then, a two-stage
partitioning strategy is designed. In the first stage, initial partitioning of reactive power sources and loads is realized
through reactive voltage sensitivity analysis; in the second stage, a hierarchical clustering algorithm is used to merge and
optimize the initial region in combination with the transient voltage characteristics. The optimal scheme is selected using
the modularity index, while reactive margin and coupling degree indexes are applied to validate the rationality of the
partitioning. Second, dynamic adjustment criteria are designed based on the transient voltage characteristics under
different typical scenarios to realize adaptive optimization of the partition structure. Finally, simulation results based on an
improved New England 39-bus test system verify the effectiveness of the proposed method.
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Fig. 1 Partitioning flowchart

D2 AT R LR 2 F R s AQ N RUIEAN
ToIN VIR s AV, 9715 r i B HLRTRAE 2210
iy AQ NIEANT R TG IR E .
AV,
o. =
y AV/
Dij :Dji = _lg(aij 'aﬁ) @)
KA, AR IR CE AV, AV, Z L
DN R IR, RN, AR
[ P B T
3.3 ETESHBEFENE_METX
1) FE T2 25 H R AR AR 1 L AORE
BT 10 1A R AR E AR XS T R TE)
A B AT &, WM X R
G R B8 (1,0, L) U T ) s
S XN S [ H AR B X (8) T
Sij,m = Ii,m _Ij,m (8)
A S, N R S TS AR

ij,m

FAEEEES . S, BVERD, SRRy sl [ “ B

7 T, s A] R A AR AR

2) ZE T E S HBRAE R R

AR @)A1 R S A AT R, A
SCRRR R SRF AT 0 XL, L Ward BEEAE

(6)




-58- B 2GR 54

IR B R bR . A PR L SRR B A
SPYBE RS SE 1k, Ward PR B TE 0 RHERA I 7 TH A
WAL, e BT X RUR .

EXIR p TN Ward BE A d, , IO -

ZZS ©

A SU%JIXEZVHB TR R A
fEFEES, Hi= 0, HS,=0.
X p AKX g 2 (8] ] Ward BEE W,
KA0R .
=ZZSa (10)

BRBAEPT A XIRT X p . g MW, &/, W

W EAEIEITR X3, WX - ) Ward B2
& d =N DFR.

d.=d,+d +W, (11)

W XA 5 HA X IR (A X 45 7 ) 2 [8] ) Ward
FEEN(12)Frs .

W, =W, +W, (12)

55 BORE 3R T iR 5 — B B A 2 I A

3 IX(n NPT E I, WRUCK BT A DX I 8] AH UL f

BN X AT A9, BEERFER N IE, A5

I 3.4 RS KN RFRIRIE B X T
3.4 HXIFMNIER

1) e i
IR 5N T 4 0 S B $6
R K T2, IR (13)F.
k
“2%2[ jé(z b (13)

ﬁ¢:ﬂ%ﬁﬁ§%ﬁ,ﬂmﬁﬁ04,lﬁk%
%ﬁ@ﬁ%ﬁﬁ:cﬁ@%%%ﬁﬁ;@ﬁ%ﬁm
20 N IRR AR MERE R TR, AR ISR,
W a4,=1, BN o; kﬁi%%wﬁzm A

ﬁzﬂ,h:Z%;éuﬂﬁ NMEERE, F

PR A A T A — X, S A
IR, 86, )=1, HNA 0.

2) XIHN&

DX 3 B 5 BB 1% s e IX 3 P 381 A DA X k2
(BT M R I SRR o XS & B AL FE X I i
A BEAI X Sk (A 5548 & FE AR bR, n=(14)—=
(16) 7~

jRET—4

1
F,=F,+— (14)

YJ

po 2N 05
YH — ZZS,-,-

iep jep
N,+N,

F =—r_"d
T2,

b BN AE, AR, RIZ5 XI5
R X IRE G R Fyy IR SRS A A
HAEMK, R p W AR EESE: F, N
DX 3 0] S5 7 FE AR bR, HAE AN, RIXIK p g[8
AR E IR N, o N AR p o g WIS
BB

3) XTI

— /NGB TC I U 4y X 7 B T BARAIE AN X
WA EHA BRI (KT 15%), & Xk
wwﬁﬁﬁAﬁﬁ

Z QGX Z QDR

0, = x100% (17)
Z QGX

e Qﬁ%wmfﬁ Oy NIX RN TR X
T 775 Oy NIXIRA Fiter R IR N
Ny 53 3R AN [X 358 Y 114 6 2y ek A0 6 e O B8
e, 50 X7 RANH R AR PR TR, % R 2L
TS HERER S R /NEN, X XA
HATBhAS R B, HLEFTA 2 X Fa bt ik B B br vt o

4 BHISH

AT DA IR DEkR 22 39 5 sbRUEEIE N2
Ui R G, For 129 M U U RL(PQ T AR,
30, 31, 33—39 RFEHIFT APV TR, ﬂ‘pﬁﬁ
P . FEMEMHIEE: S, =100MVA; U,
MﬂV;%%ﬁ%Eﬁ%LT@%iOW&E%ﬁ
18 KbHE NHeii 4, 126 vy FELFE s X {ELIE %2 4 1.05 pu..
G T LRI IO AR T B AL B R
%M£ﬁﬁ*

1 E7SHEFFERIREL

A4 39 1 sUbm ik 25 g B, AL F W A AR
O 5 (1 B R ARG O, Forh 304 33 5 RD R HAL
BHACRREAL, BEROGR H IReE, ikl 2 Br
Ne 35, 36 TR K L HN R TR L, B
R e, W 3 fow, HH B 0 ik

(16)



P, 5 BT ESHRIERHER I B D) RS 0 X7 1 - 59 -

TRTHIA D) IR TR EES R E D
Pl B ph 2R 4 fros.

2500 2500
—4h
—0,
2000 F 2000
5 15001 11500 4
s =
1000 f {1000 <F
500 F 4500
0 L I | . 0
00:00 04:00 08:00 12:00 16:00 20:00 24:00
I %1
2 SBREDEE
Fig. 2 PV output characteristics
2500 2500
2000 2000
= 1500 1500 5
= =
ar o
1000 1000 <
500+ 4500
0 . . . . . 0
00:00 04:00 08:00 12:00 16:00 20:00 24:00
i %
& 3 KR %
Fig. 3 Wind power output characteristics
800 800
600 600
2 g
= 400 400 =
X S
200 200

0 1 1 1 1 1 0
00:00 04:00 08:00 12:00 16:00 20:00 24:00
i %)

4 BfAfTHIZErE

Fig. 4 Characteristics of daily load curves

IPAAE 12-13 5-6 Zits BRI — A3 Hh I i

B, SRS THE Y i 1) 2 L R AR S, 3t

ORIEN AT EREAT AT 2B, & 5 A

6 FImo Hor il — F Uy S MR RETR] R H

B, BB, U R B G, A AL
JEEBS Ry, P CC B T R o

—10.235

~0.188

40.141

—0.094

A HEAHER

0.047

36 9 1215 18 21 24 27 30 33 36 39
TR
5 12-13 &bt T M & S EHERE A NE
Fig. 5 Heat map of transient voltage characteristic distance

at nodes during line 12-13 faults

—1.435

+1.148
iif]
op 10861 =
z o
i B
0574 %
§1

0.287

3 6 9 1215 18 21 24 27 30 33 36 39
RE=E s
Bl 6 5-6 Lk EEPERT T R SR EFHER SR NE
Fig. 6 Heat map of transient voltage characteristic distance

at nodes during line 5-6 faults

4.2 EBPXiEk) 5y
4.2.1 ¥iRIr X
MARARGHAT 10 NP, B 12-13 it
KA AR R R R, FIE 3.2 PR R
KRR T 10 MTERIKIR, 73 XG5 RIEE 1 FiR.
R112-13 KEMIEH IR DX 1
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DX 3k 5 KA kg5 G R
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Table 5 Reactive power margins within each region

for different faults
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Fig. 9 Partitioning results under 12-13 line faults
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