5540 B 6 1) BHARMRZEERERREZER Vol. 40 No. 6
2025 4F 11 f JOURNAL OF ELECTRIC POWER SCIENCE AND TECHNOLOGY Nov. 2025

SI AR EM o, BRI, SRIEE , 55 T FLU R 43 DCRCER 19 365 07 119 D16 PR 308 728 65 AR 42 PR T 6 140 T L 19 JE ) vl s BRI o1 (] vl 0B 2 S R 24412025,
40(6):136-146.

Citation: WANG Haiyun, CHEN Qian, ZHANG Linyu, et al. Coordinated reactive voltage control of distribution network with photovoltaic inverter
and magnetically controlled reactor based on adaptive voltage partition weights[J]. Journal of Electric Power Science and Technology,2025,40(6):
136-146.

ETHESRKNEAEMAEREZIFHM
Fg 4= L P =% B BC BE X T T BRI 19 8 45

TEEH WL RMEL,TATLRS R, AR RADNAC

(1 E M st i S 24 7], db st 10003152, 8K 2E A4S A b2 B, Wik it 430072)

N RIETRIBA SRR R i T A SR R RE ) R T R IBATRCR R TR R
— A T A3 DXORCER A 3 R 06 AR 39 A g R A5 H s TG H ) TC By S B R AR O vk o SRR I O I R
D IE] , N A B A 5 55 SR T I TE D) B 38, X AR 306 A 8% SR AT 5 ) 5 1 Al T DA e A 22 5 A B Al H B
L AR RS | I T o e R R A X AR L A A S 1 T L I AT TR A AL 5 B L 4 i TEEE 33
WHARG AT E . P EH A R R, A S J o 2 MW B, BT $2 5% s i 75 I 46 °F- 149 1, T i 22 IR
4.28 %% s 1670 2% 55 WE AR PR T & DR R TC D) O Ak A A v R0 P e R B D e KD 2 663.186 kWL
PRFFAES A5 (10.15,24 ,30) F4 - 2 H 1Al 25 43 I AR 1.63% .2.32% .0.38% .0.49% . WFFL 45 S, B4 75 s fig
BRI R M 5 A TR

X B W REICYIY G PR s HUER A I TS A R e R A 1
DOI:10.19781/j.issn.1673-9140.2025.06.013 FE S ES TMT761 M ERHE1673-9140(2025)06-0136-11

Coordinated reactive voltage control of distribution network with photovoltaic inverter

and magnetically controlled reactor based on adaptive voltage partition weights
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ZHANG Zhijian', WEI Huayue', CHEN Xiaoyue®
(1. State Grid Beijing Electric Power Company, Beijing 100031, China; 2. School of Electrical Engineering and
Automation, Wuhan University, Wuhan 430072, China)

Abstract: To utilize the reactive power regulation and voltage control capabilities of reactive power devices and
photovoltaic inverters and improve system operation efficiency and safety stability, a coordinated reactive voltage
control of the distribution network with photovoltaic inverter and magnetically controlled reactor based on adaptive
voltage partition weights is proposed. By detecting the grid-connected point voltage range, the reactive power under the
weight calculation integrated strategy is adaptively obtained, and the photovoltaic inverter is controlled. Meanwhile, an
optimization model with voltage deviation and active transmission loss as objectives is established to optimize the
reactive power of the distribution network containing magnetically controlled reactors and inverters based on the
improved quantum particle swarm algorithm. Simulation analysis results of the improved IEEE 33 node system show that
the proposed strategy results in a 4.28% reduction in the average grid voltage deviation when the active output is 2 MW.
During the coordinated reactive power optimization of the inverter and magnetically controlled reactor, the maximum
transmission loss is reduced by 2 663.186 kW using the improved quantum particle swarm algorithm, and the average

voltage deviation at the nodes where the photovoltaic is located (10, 15, 24, and 30) is reduced by 1.63%, 2.32%,
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0.38%, and 0.49%, respectively. The results show that the proposed method in this paper can effectively improve the

grid stability and economic performance.

Key words: reactive power regulation of inverter; magnetically controlled reactor; voltage partition; reactive power

optimization; improved quantum particle swarm algorithm
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Table 2 Simulation working conditions
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Figure 6 Voltage distribution of different strategies at
photovoltaic output of 2.00 MW

SYHTIX 12 B0 L0 A5 045 SR TT A AR
J1 2 0.25 MW I | 2 45t JE A7 #F BLAG UBG
Q(U, cos o(P) )il T.1L 5 R 443 T 2h T 00 A 1L

E5a PN % Eild 2025 4F 11 H
10.8 "T=n e T 2-1 ]
’ o T 2-2
10.6 - -~ ‘ A T 2-3 0
z - —— 1.1 2-4
E .
Ashan
o i g
=

R s

B7 R&KEH1.50 MW B R E Kb & &S A
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Table 3 Calculation results of transmission losses and

voltage deviations under various working conditions

T 1o 45 / kW S X A 2/ V6
1-1 524 4.28
1-2 1101 1.17
1-3 753 3.16
1-4 864 1.21
2-1 261 3.48
2-2 677 0.49
2-3 483 1.09
2-4 459 0.57
3-1 56 2.71
32 105 0.92
3-3 56 2.71
34 84 0.64

R i 22 DA 2.71 % ek /N 21 0.64 %6 5 [l B, I 43 A7 i
B, BB 0 AR R K, AR ST R Y 4 SR AR
BFH R K QU ) FE il Hus Wi /b T 21 kW Y
W f5 s G AR T 2 MW I, £ 40 L TR FR AR S



54055 6 W

Mgz, A T LT A DR 3 LAY D IR 306 A 5 A A HL BT A T H 0 B L T R R 4 A 143

JITH HR R W B AT KRR F R A A ST 24 R Al 2%
REAIK 4.28 %0 , A T Q(U) $ il 3 W, AR SC T 2 5
W A4 X 020 T 237 kW o 25 AT, AR SO R T Y
SR T R I 48 19 25 B TR BE AR B4

32 Efl2

B T A SEAR R G800 A T T A % R D
ML R Ge iz A MCR o) A2 8 Rl MCR 5
S AR 39 AR 28 0 B R A BEAT ST L R R o 7E %
T L 9 28 48 v, 1 0 22 b B 1 A MCR, 25 4>
5 MVar, JI iG55 1.50 MW . Sl 434
ANTRDGAR T3 0% 3 A O A AR | 5 B R H O AR
O HEATBESE , SR AEIT[] [] B 2 30 min, 243 5] 1 d
P9 48 A 2] 1 B, X L E AT AR 5 e b, T R
il £& 4N 1& 9 fir i .

BT B ) QPSO, X Ho i 45 4 E AT D AR
b, B R % ARECH 200,

FE T IIEAL B B, R ARG 4 2 H bR pi Ak n)
IR R NS R T A L R T < R 7 NS Ay
7] 45 B 2 MO @ 0 I ACER A 4 9 2 0.5.0.5, &
3F LN, #EAT T ALAL T Bt . TE Ak T
WA,
0.8F
0.7f AN
0.6 /‘ \_
0.5¢ / \
045 / \
0.31 _/ \
0.2 / A\

0.1} / \ ]
)] T—— A R i

701 1 1 1 1 1 1
00:00 04:00 08:00 12:00 16:00 20:00 24:00

st %]

A& /p.u.

B9 #ARRKEAWE
Figure 9 Typical daily photovoltaic output curve

F4 RAmATI

Table 4 Working conditions for reactive power optimization
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Figure 10 Voltage variation curves of photovoltaic nodes
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