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Correction scheme for inverse time protection curve based on dynamic thermal energy model
under negative sequence current sudden change
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(1. College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China; 2. Hubei
Provincial Collaborative Innovation Center for New Energy Microgrid, Three Gorges University, Yichang 443002, China)

Abstract: To address the problem that conventional negative sequence inverse time overcurrent protection for generators
cannot accurately characterize the protection’s action time after sudden changes in negative sequence current, a correction
approach for the negative sequence inverse time overcurrent protection curve based on the dynamic thermal energy model
is proposed. First, the generator terminal negative sequence suppression strategy under new energy control and the
variation of negative sequence current during unbalanced transmission line operation are analyzed. A negative sequence
inverse time overcurrent protection action scheme is proposed to address the three-stage changes of negative sequence
current. Then, a dynamic thermal energy model reflecting the rotor temperature is established based on the real-time
measurement of negative sequence current, considering the non-periodic component heat generation and convective
radiation heat dissipation. Finally, the model is incorporated into the negative sequence inverse time overcurrent
protection, where steady-state temperatures of stator and rotor along with preset negative sequence current are used to
characterize the negative sequence inverse time overcurrent protection curve. A correction scheme for the protection curve
is further proposed that adjusts the curve based on rotor temperature estimated from real-time negative sequence current
inputs. Simulation results show that the constructed dynamic thermal energy model can accurately capture rotor
temperature, and the proposed curve characterization and correction scheme achieves high accuracy and strong
adaptability.
This work is supported by the National Natural Science Foundation of China (No. 52077120).
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Fig. 1 Bundled wind-photovoltaic-thermal generation systems
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Fig. 2 Operation process of negative-sequence suppression strategy
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Fig. 3 Suppression effect of negative-sequence current

in open-phase operation
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Fig. 4 Three-stage schematic diagram of negative-sequence

current sudden change
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Fig. 5 Impact of sudden changes in negative-sequence

current on conventional protection
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Table 1 Generator’s structure parameters
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Table 2 Generator’s material parameters
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Fig. 8 Thermal simulation model of generator
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thermal energy simulation model
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energy simulation model
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Fig. 13 Changes in rotor temperature after
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time overcurrent protection after negative-sequence
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Table 3 Error analysis of conventional negative-sequence
protection under different negative-sequence

current suppression conditions

PRI RTREREAE  EMORRS

A BRERENS B
400 1.0928 0.7372 0.3556
350 1.4295 1.0014 0.4281
300 1.9500 1.4226 0.5274
250 2.8185 2.1585 0.6600
200 4.4345 3.6388 0.7957
150 8.0043 7.4672 0.5371
100 18.8280 26.3430 -7.5150
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Fig. 15 Correction effect of protection curve after

negative-sequence current sudden change
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Table 4 Correction effect of protection curve under different

negative-sequence current suppression conditions

GRERIL RTREHSUE  BEREPBGATE

HRAUA  BREERENES WS
400 1.0928 1.0893 0.0035
350 1.4295 1.4233 0.0062
300 1.9500 1.9390 0.0110
250 2.8185 2.7960 0.0225
200 4.4345 4.3803 0.0542
150 8.0043 7.9320 0.0723
100 18.8280 17.9268 0.9012
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