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Abstract: As the penetration rate of household distributed PV in China's low-voltage distribution network
continues to increase, the power flow of the distribution network has changed, leading to more serious problems
such as node voltage overruns and three-phase imbalance, which poses a serious threat to the safe and stable
operation of the distribution network. For situations where the distribution network topology and line parameters are
unknown, the traditional voltage control strategy based on power flow calculation is no longer applicable, a data-
driven voltage coordination control strategy was proposed for low-voltage distribution networks with high
household photovoltaics penetration. First, a linear approximation model of the low-voltage distribution network
was established, and the least squares method was applied to fit the relationship between node power and voltage
based on the historical operation data of the low-voltage distribution network. Then, the photovoltaic inverter and
energy storage system were used as regulation measures to minimize the degree of node voltage over-limit,
minimize the three-phase unbalance and minimize the amount of equipment regulation as the objective function. The
improved multi-objective particle swarm algorithm was utilized to achieve voltage optimization control. Finally, the
effectiveness of the proposed voltage coordination control strategy was verified by simulation comparison and
analysis with other control strategies and methods, taking the 21-node low-voltage station as an example.
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FH P 4 AT IR R Y H R TR R 22 A T
0~1.2 VBN, i KAHXT 1R 224 0.45% , - 315
2500447 Vo X —Z5 R IGUE T A SCHT i =
AL T A AR i e 38 T A R
4.3 AEEHIRAEEEE IR S

AR SR FH A [R) H, s 45 1] 5 s o v, s 4 1) &4

RIEAT I, AN [ L e SRS U 2 2 P, 454
FEL s 7 ) St A P P A OR AN 3 B
3 FEEERH RS H YR

Tab.3  Control effects of different voltage control strategies

WME1 RG22 RME3 M4 IRIES
BRI B 1277 0 253 1121 0
PR R
- 22.9 0 2.3 18.9 0
(bR 448
VUF R EL 641 0 0 487 0
VUF SRS E/%  411.3 0 0 237.7 0

PVI & Ji/kvar 0 1377.4 13774 0 5609.1
ESS B Ji/kw 0 4228 0 346.6 2043

F A& 1l AR /o 0 1261 923 2773 5448

4.3.1 HREE 1 5 20 st

&1 5~ &1 8 73 5] by e 42 ] i A1 R FH SR gt 2 445 71
AF 5 X 21 747 45 96 /> B ZI i = #H H R A VUF 1
o IS Tl DLA Y 7EREBE 11:00—13: 30,
ABC = AHH R RR , an il 5 HeoSF- T 16 15
FFTR KR R 113 (hs L {H) » TER
20: 00 A7, AL 5 hoF1m 2 19 8 J7 &84 s
B, CHIH R TR, /N R 55 0.86 (Fr 4
#), R, 76 B 10:00—22:30 %145 B VUF
F B [, 40 P& 7 v 1R BRI R  Bek
{54 3.63%.

Hi [ 6 ALK 8 A LU H , AR SCHT 2 7 R g8
A A5 A ) FR R PR TV UF B RR
432 RWE2 5 ME 3 RIS 4 %) LB

HRAE ¢ 3 Bl 7T LU, 76 R FH SR g 3 it
TR EEE GG AR KA T 253 UL B PR O
PVIH IS AN 9 s o #E R RIS 4 47 HL
FEFEG G A T ToAa il i, A R R i (45 B
BB R 2 B0 B3R A VU PR S AT
T 17.47% F142.21%, fifi fig SOC ZE AL IE B W & 10
Fis o

57



WA 20255F H 554 5 WEFRIEIRS A A F s PR AR AIKIE & R b E A 5 ) ROk

1.14 114
1. 1.1 1.1 i1
1.0 07
~ 1.0 03 05
2 i ”",,'ml 1.05
& n," ,,,
% 1. il 1.0
=
=209 0.95
0.9
0.9
LA o0 1200 2400 0.85 E 100:00  12:00
i 44 i %) » 42
(a)AAH AL (b)BHH L H

24:00

1.1

1.05

1.0

0.95

0.9

oAy
0.85 l,; 100:00 12:00 24:00
B4 2]
(c)CHAHL H

KI5 Jegahlng & DX s R O

Fig.5 Node voltage situation in the station area without control
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Fig.6 Node voltage in the station area when using control strategy 2
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