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Research on Dynamic Characteristics and Excitation Control of High-Voltage Direct-
Connected Synchronous Condenser
Yang Ruiman, Xiao Shiyong, Zhao Xinyu
(School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: Aiming at prominent voltage fluctuation, insufficient dynamic stability support in power systems with high penetration of
new energy, as well as delayed response and large power loss caused by step-up transformers equipped in conventional distributed
synchronous condensers, dynamic simulation models of 15Mvar-35kV high-voltage direct-connected synchronous condenser and tra-
ditional distributed synchronous condenser are established based on structural characteristics of high-voltage cable winding motors.
Dynamic simulation analysis under sudden voltage variation conditions is carried out, and dynamic operating performances of the
two types of condensers are compared. The dynamic characteristics of high-voltage direct-connected synchronous condenser are
thoroughly analyzed, the design merits of transformer-free structure are clarified, and its deep phase modulation capability is verified.
In accordance with performance requirements of excitation control, PID, fuzzy PID and variable universe fuzzy PID excitation con-
trol strategies are designed and tested. The results show that high-voltage direct-connected synchronous condenser can supply dy-
namic reactive power support rapidly. Variable universe fuzzy PID control accelerates excitation response and restrains overshoot, ef-
fectively improving dynamic reactive power support and voltage stability of power systems.

Key words: high-voltage direct-connected synchronous condenser;transient characteristics;excitation control;reactive power com-
pensation;variable universe fuzzy PID;new energy station
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Fig. 1 Schematic of transient simulation model
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Table 1 Dynamic parameters of high-voltage direct—connected synchronous condenser

o #ME 2 ¥ #Ma
HUR & NMvar 15 FE RV 35
X,/p. u. 0. 09 X,/p. u. 0.09
X,/p. u. 0. 0392 X, /p.u. 0.039
X, /p. u. 0. 0235 X, /p.u. 0.0243
T,/s 1.5 T,/s 1.4144
/s 0. 0993 1 /s 0.1768
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Fig. 2 Dynamic simulation model of high-voltage direct-connected synchronous condenser
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Fig. 3 System voltage recovery waveform
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Fig. 4 Excitation voltage response waveform under overexcitation condition
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Fig. 5 Excitation current response waveform under overexcitation condition
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Table 2 Dynamic Parameters of Traditional Distributed Synchronous Condenser
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R 2 F NMvar 50 R W E KV 10. 5
X,/p. u. 0.89 X,/p. u. 0.882
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Fig. 7 Dynamic Simulation Model of Traditional Distributed Synchronous Condenser
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Fig. 8 Voltage Recovery Waveforms of 35 kV System with Different Distributed Synchronous
Condensers
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Fig. 9 Excitation voltage response waveforms corresponding to two types of distributed
synchronous condensers
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synchronous condensers
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Fig. 17 Comparison of terminal voltage before and after adopting the fuzzy PID controller
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Fig. 19 Simulation Model of Variable Universe Fuzzy PID
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