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Quantification of active power regulation space and real-time control for multi-type resources
considering active power-voltage coupling in weakly supported DC transmission systems

LI Guoging', SUN Heyang', HAN Jiexiang?, NIU Zhen®, JIANG Shougqji', XIN Yechun'
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3. Electric Power Research Institute, State Grid Gansu Electric Power Company, Lanzhou 730000, China)

Abstract: In DC transmission systems exporting power from weakly supported renewable energy bases, characteristics
such as low inertia, weak damping, and low short-circuit ratio become prominent. Strong coupling between active power
and voltage exists, making conventional real-time active power control modes difficult to apply. To address this issue, this
paper proposes a real-time active power control method that simultaneously considers static voltage security constraints
and the effective regulation space of multi-type resources, ensuring system stability while optimizing resource utilization.
First, the coupling mechanism is analyzed, and a sensitivity index is established to quantify coupling degrees under
different operating conditions. Then, considering renewable energy uncertainty, a voltage weak point identification
method based on probabilistic power flow is proposed by integrating impedance modulus margin. By analyzing the effects
of active power outputs of different types of resources on weak-point voltages, a method for quantifying the active power
regulation space of multi-type resources under static voltage security constraints is developed. Then, integrating active
power-voltage sensitivity and the effective regulation space of multi-type resources, a real-time active power control
strategy is designed that accounts for regulation resource selection and differentiated power allocation, thereby meeting
active power regulation requirements while reducing adverse impacts on weak-point voltages. Finally, the effectiveness of
the proposed method is validated through case studies based on a modified IEEE 30-bus system.
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Fig. 1 Structure of weak-support DC transmission system
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Fig. 2 Power coupling mechanism in weak grids
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Table 1 The predicted active power regulation interval of each

unit in the day-ahead forecast at 12: 00
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AGC #L4 . . . "

T X /MW P X 5]/ MW
G2 [31.7, 39.625] [31.7, 39.625]
G5 [31.6,39.5] [31.6,39.5]
G8 [41,51.25] [41, 48.4]
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G13 [32, 40] [32,33.9]
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Table 2 Ultra short term forecast active power regulation

interval of each unit at 12: 00
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Gl13 [32, 40] [32,33.9]
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Table 3 Active power sensitivity of new energy node voltage

and effective adjustable capacity at 12: 00
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Fig. 12 Comparison of the effects of two control strategies
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Table 4 Comparison of effects after adjustment by two strategies
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Table A2 Load data of the improved IEEE 30-bus system

k) $ifi/MVA
3 2.67+j1.33
5 2.88 +j2.22
7 25.33 +j17.67
8 2.67+j2.22
12 3.56+70.56
14 6.89 +j1.78
16 3.89 +j2.00
17 10.00 +j2.00
18 3.56+§1.00
19 10.56 +3.78
20 2.44+j0.78
21 8.33+j1.33
23 3.56 +j1.78
24 9.67 +7.44
26 3.89 +2.56
29 2.67+§1.00
30 6.22 +j2.11
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