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Abstract: In large hub city power grids, load centers often lack flexible and continuously adjustable reactive
power sources across multiple voltage levels, leading to a “hollowing-out” of power supply. This paper proposes a
coordinated two-level voltage control optimization method tailored for such “hollowed-out” power grids. In this
method, the high-voltage busbar of all controllable power plants within a region are generalized as voltage-
dominant nodes, and regional voltage regulation is achieved by minimizing the sum of squared deviations between
the busbar voltages and their reference values. Meanwhile, the coordination relationships among upper-level and

lower-level regions are explicitly distinguished, and threshold-based control objectives between hierarchical
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regions are introduced to improve the reactive power support capability of lower-level areas. The effectiveness of
the proposed method for regional reactive voltage control in hollowed-out power networks is verified through
simulations using a standard test system combined with actual grid data from China.

Keywords: secondary voltage control; automatic voltage control; coordinated control; AC-DC system
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Table 1 Parameters of each new line in the networks

X i fH/p.u Hbi/p.u HL 44 /p.u R L /p.u
36~40 0 0.020 0 0 1.02
39~41 0 0.020 0 0 1.02
- X I8 I 45 £ 0.000 8 0.0129 0.000 8 1.00
23~7% 0 0.026 7 0 1.01
24~8% 0 0.038 2 0 1.01
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Fig. 3 Voltage reactive power sensitivity of the load node to the selected primary node
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Table 2 Optimization results of upper-level areas under schemes S1 and S2
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DX 3R HL L TE S B IR 7 0.473 8 0.498 6
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Fig.4 The node voltage in the upper-level areas of each scheme before and after optimization
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Table 3 Optimization results of lower-level areas
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Fig.5 The node voltage of each scheme before and after optimization
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Fig. 6 Number of incoming and outgoing cables and voltage reactive power sensitivity of the node to be selected

AR 6 45 5%, e b 32 0k 4% i e T B % 402 i R R 19 RV DR i Xm0 3 S 9 s B 170 (R A
KA DXL 325 R TR TE 2 R SO A WY O T e R IR R R TR JE S R 22 BE AR D
O S AL, P A 7 RS e R B 28 B AR /RO 6 o TR, b T DR R A dnk i A7 s s, el T R U
AL % DR R s P B TR R . N R W, W R AU R T S R
BERE o B U O 2 AT B LA DR R A DX e T IS A 4 i R

TEAR YL JURY 52 B v B85 373 55 T, 500 KV HR 385 DXCUAE A6 A 5310 1 B FR , 3 TR BR300 2.33% 5 F
20220 kV DX 1 DXCHS IR 7 S AE AR R RN S o O iR S PR R A AT Rt SR T 3R S1-S3 EAT 1
HOM T, AR A0SR A RIS 5 7R (56 T 11 6 e #6417 R i 13/ iz IX A 32 3 60 o



46 TR K F F IR %49 %

K4 ARSIMS2 THEHMRBMEMUER

Table 4 Optimization results of high voltage level region

YIS S1 S2
A R AR R /% 0 2.33
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Z AL TE T BE R T 0.473 8 0.616 4
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Table 5 Pass rate before and after voltage optimization in lower-level areas %
TR TS U S1 S3
1 98.25 100.00 98.25
3 96.55 100.00 100.00
7 88.68 100.00 84.90
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