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Tab.1 Nodes with higher than average load rate

i 0./ AQ./ S,/ bS] e
MVar MVar  (MV-A) TR r,
BUS-3 2.4 0.9  5228.218  0.000 631
BUS-4 184 100 5206151  0.054 551
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Tab.2 Mutual impedance data results of nodes
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BUS-4 BUS-7 BUS-8 BUS-15
BUS-4 — 0.013 8 0.013 6 0.019
BUS-7 0.013 8 — 0.003 8 0.025 2
BUS-8 0.0136 0.003 8 — 0. 025
BUS-15 0.019 0.0252 0.025 —
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Tab.3 Electrical distance data between

alternative nodes and all generators
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W BUS-30  BUS-31 BUS-32  BUS-33 BUS-34  BUS-35 BUS-36  BUS-37  BUS-38 BUS-39
BUS-4  0.0222 0.0182 0.0179 0.0218 0.0235 0.0219 0.0233  0.022 0. 024 0.0216
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Tab.4  Short circuit ratio K_; of DC feed bus

T S AR Siei K.
Bus-4 5206.151 || Bus-4P2  803.308 6.481
Bus-24  5618.726 || Bus-24P2  795.756 7.061
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Tab.5 Interaction factor MIIF
TR LY Z;(pu)  Z;(pu) M
Bus-4P2 Bus-24P2 0. 002 892 0.161 3
Bus-4P2 Bus-36P1  0.000 556 0.017 930 0.0310
Bus-4P2 Bus-39P1  0.001 459 0.081 4
Bus-24P2  Bus-36P1  0.001 766 0.101 6
Bus-24P2  Bus-39P1  0.000 615 0017 388 0.035 4
Bus-36P1 Bus-39P1  0.000 102 0.012 862 0.007 9

25 L WIR I WTAR A , 3 2 L AR ) 4 SRR
PAK 24 SEEER WiGE 4 SRR AN S

LEE P N E % 18, 1 4 R 1 5
BUS-4 . BUS-7. BUS-15 fE R #3575 5.,
5.2 EIhiMEEH

ARG AT p r A 22 fe /0 kbR R, an =X
(7) 7R, 3 F Matlab - 15 5% FH 8t A% 55075 6 JC Dy #b

R

AT IUAL . O AR A R A4

Bl h 1=0.3 s W, BESBEIBRS 20 ms XFIE 9 5

PRS2 AR G MISE B 2R GEAE 25 B AT I PR I 77
TEZE 5w DRI, AR 3025 B8 DY Fof A7 B0 73 31 32 47 0 530 73
B, Herb(a) ((b) #F XSS AR AT, () .
() BRI EI ARG HATINE, PR



FEAE R, LR AR BT A2 I AW A B U S e I S AS TR A BCE (] B T AERTROR | 2020,39(12) 1 1-11. 7

AP P&t J 3 T T A R G i s kAT 4k, 4k
Ja AR T IR R G e AMEE , 1o Freb e I i sk
o TEHNENLT .

(a) M ARAMELAS T R G HATHE, (b) X ETY
PN I W AN W I o1 < 11 = 6 A R a1
ARG A TAMEARA T, 15 2 f FE i A | R i 22 %
AT ST A 4 WA T R A 15 Ab S AR
3 Bl 1% B 0~ 300 MVar, Ak iHE45 5 (ke
39} 203 MVar, 194MVar #1171 MVar, 4383
F e D 100 1 P R TR 5 SR T LR 1,
SEUFRGEINAME AN IR ) LR Al 2 B P81 e
UIE5 RN 6, 456 MR 1 F13k 6 45l 437 |
W= AT AN IAME S5 25 R, R G0 LR AR 2234
AARRIFREE ek, HLSRAE T 0 7 Ab IR, 3R
SN =3 2

%6 HRHAGMIMERTFHII L
Tab.6  Comparison of pure AC system before and

after compensation
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Tab.7 Comparison of AC/DC system with and

without compensation

M FMEE FHL R 22 A
TR /MVar AU (pu) 1% (pu)
ATAME 0 3.416 0.087 1+1. 142 3i
BUS-4 175 .
BUS.7 13 0 0. 046 2+0. 121 3i
BUS-4 194 )
BUS.15 179 0 0. 068 7+0. 683 0i
BUS-4 202
BUS-7 155 0 0. 048 2+0. 171 2i
BUS-15 155

EXFIZ R G AE BUS-6 5 BUS-11 2 [A] 1 28 ¢ 5

BUS-6 12k fi & i i — A0 4 Jm PRk e 5 1 R Ge il R
PEATREIN % A i B 5 % BUS-4 #il BUS-7 Bit
PL[ 124,89 ]MVar 45t [ TC DI AMEE B 5 R G010 A
FL S 119 Bl 285 ) 1 A7 0 R A TR, VR XT B, L SR n
3 s, Bl 3(a) MK 3(b) %50 BUS-7 Fil BUS-
24 [ HL AR B O, v LA & B, X BUS-4 il BUS-7
JnAMERT | AT BR IS, BUS-7 A9 5 L R AR Lk

1.0

A MER HERR2ZE AT IR
RED= /MVar AU (pu) (pu)

A hnxh 4.156 1.728 3 + 2.595 9i
BUS-4 203 0.031 -0.007 0-1.209 5i
BUS-7 194 0.013 ~0.012 4-1.344 0i
BUS-15 171 0.018 ~5.294 5-0. 644 8i
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Fig.3 Comparison of changes in system node transient voltage

before and after compensation
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42 S T AR 25 BUS-24 1 i S 458 R A2 i H, AFEI 7 A 15 A
N N Stk of M o e e o b
Fe K A2 B[R] e — 28 | H Pk A2 3 B v Y H R 8 B i e IMERSG tMERZ AMERSE
e RZHIE i i i
7S /N W (pu) HURBRME R ARIRE
° P (pu) (pu) (pu)
6 it BUS-17  0.9572 1.0027 0.9993  1.0037
- o ‘ ‘ BUS-18  0.9574 1.0076 1.0033  1.006 1
X ELHE 32 i L I A T B A T AL S B, 7 K BUS-19 0.9328 1.0338 1.0328  1.0353
TCUIAMEAR S AAME R E AL R N2 . AR SR BUS-20 9815 0.9823 0.9818  0.983 1
Y 35425 W W 46 14 5 20 S B0 B3 A2 i FEL ) BUS-21 L9619  0.9839  0.9819  0.986 7
TCIIAMEETT S , [F) B R FH 18t 4% BB vk AT /M 2 BUS-22  0.9945 1.0005 0.9994 1.002
D o
N “& IJ_:" s N x v =4 [ . . .
(1) IR EAT AU P, 2508 T 2T BUS-25 0011 1.0531 1.0513  1.0518

—_— = m m m O 0 0 =0 000 —~0 00000 0O

U T IR 2E B AT S A T L, O HL s ik BUS-27 9662 1.0168 1.0141  1.0172
Ui SR SE A 1 30R v DL BRI A B2 % L BUS-28 9892  1.0433  1.0422  1.0432
K Wl 251850k BUS-29 9919  1.0451  1.044 4 1.045
()SMILBAEFEIIM LR poabee P00 L0 0T LT
FERT A R R OIRAE TA IR 0 Ceno cemo  cemo  osme
DA RO LA T 5 BUS-33 L9970  0.9970 0.9970  0.9970
J S AT X B DI J5 4 228 2501 kb T BUS-34  1.0120 10120 1.0120  1.0120
TS R AL, A LS 1Y S R4S B3 L I BUS-35 0490  1.0490 1.0490  1.0490
H 3 v P B % 35 2R 245 A L R o e BUS-36 .0030 1.0030 1.0030  1.0030
e N BUS-37 L0270 1.0270  1.0270  1.0270
BUS-38 L0260 1.0260 1.0260  1.0260
% BUS-39 .0300  1.0300  1.0300  1.0300
&1 AEMEER TELZRRASGBERETLL
App.Tab.1  Voltage amplitude comparison of pure MF2 ARIMRBERTXERRSGEEREITL
AC system under different compensation conditions App.Tab.2  Voltage amplitude comparison of AC/DC
— 4 ﬁ}ﬁ\ﬂﬂ 7 ﬁ}ﬁ\ﬂﬂ 15 ﬁ}lj\j]l] system with different compensation
W BT MERG AMERGE  AMERS 5 . i
WL ) MR  FRIR(E R IR KA [4.7] w“.\é (4..7.15]
() G0 () e RHBIE ar LIR atie
BUS-1 10261  1.0265 1.027 1 1.026 7 P B REHE EBJ%PE{EL AGHE
BUS-2  0.9933 1.0402 1.0378  1.038 (pu) I (pu) IR fE
BUS-3  0.9618 1.0198  1.014 1.014 2 (pu) (pu)
BUS-4  0.9264  1.011  0.998 1 0. 994 BUS-1  0.9964 1.0164 1.0155  1.0188
BUS-5  0.9137  1.0073 1.0098  0.997 9 BUS2  1.0040 1.0263 1.0248  1.0315
BUS-6  0.9123 1.0088 1.0128  1.0007 BUS-3  0.9662 1.0018 0.9983  1.0133
BUS-7  0.9070  0.998  1.0118  0.9899 BUS-4  0.8995 0.9815 0.9716  1.0012
BUS-8  0.9093 0.9972  1.0072 0. 989 BUS-5  0.9124 0.9879 0.9755  1.0033
BUS9  0.9924 1.0263 1.0304  1.0229 BUS-6  0.9173 0.9917 0.9797  1.0062
BUS-10  0.9147 1.0161 1.0154  1.0108 BUS-7  0.9058 0.9831 0.9647  0.9995
BUS-11  0.9125 1.0125 1.0133  1.0063 BUS-8  0.9050 0.9783  0.9623  0.9938
BUS-12  0.8869 1.0022 1.0015  0.9964 BUS-9  0.9744 1.0054 0.9986  1.0119
BUS-13  0.9156  1.0122 1.0099  1.0069 BUS-10  0.9403  1.0013 0.9946  1.0149
BUS-14  0.9229 1.006 1  0.999 6 1.001 BUS-11  0.9312 0.9967 0.9883  1.0107
BUS-15  0.9303  0.9807 0.9762  0.9958 BUS-12  0.9187 0.9857 0.9783  1.0009
BUS-16  0.9501 0.9884  0.9857  0.9924
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()
Efife  [47] N0, [4,.7.15]
e RAIE GUME LGS0 iR
Wi RGE S REME
= H =}
(pu) i L (pu) i L
(pu) ’ (pu)
BUS-13 0.9335 0.9957 0.9896 1.011 4
BUS-14 0.9226  0.9854  0.9808 1. 006 2
BUS-15 0.9223 0.964 0.971 8 0.997 4
BUS-16  0.9795 0.9755 0.9775 0.989 2
BUS-17 0.9813 0.989 0.989 3 1. 001
BUS-18 0.974 1 0.9922  0.9911 1.004 1
BUS-19 1.023 9 1.029 1 1.029 8 1.034 1
BUS-20 0.9725 0.9797 0.980 1 0.9825
BUS-21 0.994 1 0.9802 0.9816 0.989 8
BUS-22 1.023 8 1.001 4 1.002 1 1.006 5
BUS-23 1.0159 0.9928  0.9936 0.998 1
BUS-24 0.9740 0.9733 0.975 1 0.9859
BUS-25 1.024 7 1.045 1 1.044 2 1.049 2
BUS-26 1.0182  1.0308  1.0305 1.037 1
BUS-27 0.995 6 1. 006 1 1. 006 1.0151
BUS-28 1.029 1 1.039 1.038 9 1.042 3
BUS-29 1.033 2 1.042 1 1.042 1 1.044 4
BUS-30 1. 047 1. 047 1. 047 1. 047
BUS-31 0.982 0.982 0.982 0.982
BUS-32 0.983 0. 983 0. 983 0. 983
BUS-33 0.997 0.997 0.997 0.997
BUS-34 1.012 1.012 1.012 1.012
BUS-35 1.01 1.01 1.01 1.01
BUS-36 1.003 1.003 1.003 1.003
BUS-37 1. 027 1. 027 1. 027 1.027
BUS-38 1. 026 1. 026 1. 026 1. 026
BUS-39 1.03 1.03 1.03 1.03
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Optimal dynamic reactive power allocation of DC receiving-end power grid
based on node classification and network shrinkage

TANG Shao-pu', ZHANG Shu-ging' , SHEN Zhuo-xuan', GUO Qi*,
JIANG Qi-rong' , GUO Hai-ping’
(1. State Key Laboratory of Control and Simulation of Power System and Generation Equipment,
Tsinghua University, Beijing 100084, China;
2. Electric Power Research Institute, CSG, Guangzhou 510670, China)

Abstract; The problem of transient voltage stability after grid disturbance / fault at receiving side has become the
main threat to the safety and stability of the grid fed by HVDC into the large central load area. lts main problems lie
in the dynamic imbalance of reactive power supply and reactive load. In order to improve the dynamic support capa-
bility of DC receiving power grid, the dynamic reactive power optimization is considered. In this paper, the reactive
power compensation and compensation capacity optimization scheme of AC-DC hybrid system is studied in detail.
The AC-DC transmission system is divided into DC and AC two parts to screen the reactive power allocation. In this
process, the load rate of AC system, transient voltage recovery time, interaction between DC converter stations and
the role of generator as reactive power are mainly considered. The network shrinkage model and performance index
design are used to determine the distllbution of reactive power compensation. In addition, genetic algorithm is used
to solve the optimization problem and get the global optimization solution. Finally, the above scheme is verified in
the improved AC / DC system based on IEEE39 node system.

Key words: node classification; network shrinkage; DC receiving-end power grid; transient voltage stability ; opti-

mal dynamic reactive power allocation



