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Power sensitivity analysis-based embedded VSC-HVDC overload emergency control

ZHU lJiebei, LI Fengdi, CHEN Binbin, YU Lujie, LI Bin
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: The large-scale integration of renewable energy sources with high penetration levels and strong randomness
often leads to overloading of AC transmission lines. Meanwhile, in power system upgrading and construction, the
controllability of the embedded voltage source converter-based high voltage direct current (VSC-HVDC) systems has not
been fully exploited. To address this issue, this paper proposes a power sensitivity analysis-based embedded VSC-HVDC
emergency control (SEC) to mitigate transmission overloading. First, an AC-DC power sensitivity matrix incorporating
embedded VSC-HVDC is established based on the system model. Then, during real-time operation, the active power of
the VSC-HVDC is adjusted to address specific AC grid overloading according to the derived sensitivity matrix. During
the adjustment process, an optimization-based control method is used to minimize the total variation in DC adjustment
while keeping the active power of AC transmission lines within acceptable limits. Finally, simulation verification is
carried out using a modified IEEE benchmark 39-bus system, demonstrating that the proposed SEC can address AC grid
overloading under various grid fault scenarios and ensure the safe operation of the entire network.
This work is supported by the Joint Project of National Natural Science Foundation of China (No. U23B20123).
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Table 2 Power sensitivity of VSC-HVDC to AC lines of Case 1

TIL VSC1 REE  VSC2 REUE  VSC3 REYE
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10-13 -0.3757 -0.6207 0.2717
13-14 -0.4409 -0.7215 0.3264
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Table 3 Power flow data of Case 1
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Fig. 4 System response using the SEC scheme in Case 1
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Table 4 Power sensitivity of VSC-HVDC to AC lines of Case 2

e VSCl R VSC2 REE  VSC3 REE
5-6 -0.4152 -0.7087 0.1889
6-7 0.0729 0.0845 -0.1109
6-11 -0.4900 -0.7947 0.3152

10-11 0.4104 0.6803 -0.2831
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Table 5 Power flow data of Case 2
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Fig. 6 System response using the SEC scheme in Case 2
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Table 6 Power sensitivity of VSC-HVDC to AC lines of Case 3

LR VSCl R VSC2 REE  VSC3 R
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Table 7 Power flow data of Case 3
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