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Fig.1 Spectrum analysis of AC and DC voltages
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Fig.2 Impedance-frequency characteristic curve of AC

system with and without series compensation
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Fig.3 Impedance-frequency characteristic curve of DC

circuit with and without series compensation
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Fig.5 Diagram of harmonic stability analysis
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Fig.7 Harmonic stability analysis diagram considering

saturation characteristics of converter transformer
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Mechanism and counter-measure of sub-/ super-synchronous ferromagnetic resonance
between HVDC and AC system with series compensation
ZHAO Xiaobin'?,XIE Xiaorong’,LI Yan',ZOU Changyue',XIN Qingming'
(1. State Key Laboratory of HVDC,Electric Power Research Institute,China Southern Power Grid,
Guangzhou 510663, China;
2. State Key Laboratory of Control and Simulation of Power System and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The sub-/ super-synchronous ferromagnetic resonance that occurred during the recovery process after
a commutation failure at Funing Station on May 29,2017 is analyzed. The reason of sub-/super-synchronous
ferromagnetic resonance between HVDC and AC system with SC(Series Compensation) is verified by theo-
retical analysis and simulation. The impedance magnitude is greatly increased in the AC system with SC
at sub-synchronous frequency harmonics, so that the coupling between the sub-synchronous frequency har-
monics and its complementary frequency harmonics is enhanced. The Nyquist stability criterion is used to
analyze the impedance of the AC and DC system. Considering SC,the stability of the AC and DC system
decreases but the system is still stable. The existence of sub-synchronous frequency harmonics easily makes
the transformer saturated, lead to decrease the system stability. Theoretical analysis and simulative results
show that,under the action of two non-linear factors of converter modulation and transformer core satura-
tion , sub-/ super-synchronous ferromagnetic resonance occurs in AC and DC system after large disturbance.
The combination of SC and AC filters can effectively suppress this type of resonance.

Key words: HVDC power transmission;series compensation;sub-/ super-synchronous frequency harmonics ;fer-

romagnetic resonance ; transformer saturation
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Table A1  Parameters of the transformer saturation
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