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A PLL damping enhancement-based method for suppressing subsynchronous interactive
oscillations in grid-following and grid-forming interconnected systems
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(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: The hybrid interconnection of grid-following converters (GFLCs) and grid-forming converters (GFMCs) has
become a key feature of modern power systems, yet the risk of small-signal instability arising from their interactions
remains insufficiently understood. To address this issue, this paper first establishes a full-order small-signal model of a
GFLC and GFMC interconnected system. Parameter sensitivity analysis is then employed to reveal the subsynchronous
oscillation modes induced by combined action of GFLCs and GFMCs, and to clarify the influence of system parameters
on these modes. Subsequently, a single-input single-output (SISO) equivalent model of the interconnected system is
derived based on the phase-locked loop (PLL)-dominated synchronization dynamics. By combining the complex torque
coefficient method, a frequency-specific PLL damping enhancement method is designed to suppress subsynchronous
oscillations caused by converter interactions, and a parameter design procedure for the proposed control strategy is also
proposed. Finally, the correctness of the theoretical analysis and effectiveness of the suppression method are verified
using a hardware-in-the-loop experimental platform.
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Table 1 Parameters of the interconnected system

p.u.

28 HfE

GFM HEH UK Ly 0.15

GFL JEF K Ly 0.29

HLI LR Lg 0.73

GFM JER HUK L 0.51

GFM JEH LA Cr v 0.03

GFM JE# HFH Ry m 0.05

GFM 15t & 2% J 0.99

GFM [HJE &% D 9.87

GFM ZE )3 Prr 0.09

GFM LIy T A% K, 0.26

GFM/GFL H3i3F PL 8 Ko, Kic 3189.62, 91 132.08

GFM HEH PI 24 K., Kiv 0.15, 123.69

GFL JEB IR Ly 0.51

GFL JEB A Cr o 0.03

GFL U8B R Ry 0.05

GFL ZH )5 Prg L 0.32
GFL BitH¥F P1 4 Koput, Kipn 0.59,22.65
GFL ThE4% ) P1 34 Ky, Kip 1.14, 11.40
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