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Principle of sampled value differential protection of static frequency
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Abstract: Static frequency converter (SFC) is an important piece of equipment for the startup process of large
synchronous units in pumped storage power plants. In the process of startup, the different current frequencies on both
sides of the SFC make it difficult to configure the conventional differential protection based on power frequency phasors.
Additionally, the existing protection schemes have deficiencies in terms of speed and reliability. To address these
problems, this paper proposes a sampled value differential protection principle for an SFC based on model verification.
First, the operating principles and control strategies of an SFC are thoroughly studied, and a mathematical model that
aligns with the SFC’s working principles is constructed in the time domain using current sampled values. Then, a model
verification method is applied to identify differences before and after a fault, and the corresponding protection criteria are
established. Finally, an electromagnetic transient simulation model of the pumped storage unit’s SFC startup is built in
PSCAD/EMTDC to verify the effectiveness of the protection principle. Results show that the proposed protection
principle is not affected by the frequency differences on both sides of the SFC, and exhibits excellent selectivity, fast
response, and reliability.
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Fig. 1 The 12-6 pulse SFC topology
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Fig. 2 Topology of 12-6 pulse SFC converter bridge
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Table 2 Simulation results of transition resistance capacity
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Fl 5
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Table 3 Simulation results with noise interference

whessr B WERA (EMRb/dB RG] BhERTA)/ms
AG XA 9.5
AB XA 5.5
F1 30
ABG XA 7.0
ABC X A 5.5
AG X A 8.3
AB X A 8.7
F2 30
ABG XA 8.3
ABC XA 8.3
Rz XA 6.8
F3 30
R 55 4% X A 7.2
F4 R o 30 X P 13.0
AG X 4h —
AB X 4t —
F5 30
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Table 4 Comparison of protection schemes
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