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Abstract

Based on the analysis and summary of existing methods for extracting grid PT reference voltage
during on-site high-voltage tests in substations, this paper proposes a novel wireless remote mir-
roring device for substation voltage signals based on time-based pulse synchronization. After col-
lecting grid voltage, this device utilizes absolute time stamping to obtain the time differences in sig-
nal acquisition, processing, and transmission. It converts analog signals into pulses through a pulse
discretization method, facilitating high-precision phase-locked synchronization of the hardware cir-
cuit. By utilizing pulse number phase shift, it achieves synchronization of time differences, thereby
realizing high-precision tracking and restoration of grid PT reference voltage. Accuracy testing ex-
periments and field application practices have shown that this system fully meets the requirements
of the enterprise standard Q/GDW540.1-2010 “Inspection Specification for Online Monitoring De-
vices of Substation Equipment” issued by the State Grid Corporation of China.
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Figure 1. Waveform conversion and discretization with frequency
doubling pulses
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Figure 2. Time-based annotation and phase shift restoration
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Figure 3. Principle block diagram of the system
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Figure 4. Schematic diagram of impedance isolation circuit
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Figure 5. Waveform conversion circuit
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Figure 6. Simulation model of waveform conversion circuit
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Figure 7. Simulation result of waveform transformation circuit
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Figure 8. PLL (phase-locked loop) circuit
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Figure 9. Scheme diagram of precision verification experiments
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Table 1. Result of frequency tracking accuracy verification
= 1 MERGEEREER

Bt (Hz) v E(H2) AXHRZE (%)
50.30 50.28 0.04
50.20 50.023 0.06
50.10 50.11 0.02
50.00 50.00 0.00
49.90 49.90 0.00
49.80 49.82 0.04
49.70 49.73 0.06

Table 2. Result of phase tracking accuracy verification
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BEAAE() HHAE() FEXTRZE (%)
360.00 0.05 0.01
45.00 45.08 0.17
90.00 90.07 0.08
135.00 135.08 0.06
180.00 180.07 0.04
225.00 225.08 0.03
270.00 270.07 0.02
315.00 315.09 0.03
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Figure 10. On-site verification test circuit and wiring diagram
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Table 3. On-site verification result of frequency tracking
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HL X LS A (HzZ) BB (H2) X 1% 22 (%)
50.00 50.00 0.00
50.01 50.01 0.00
50.00 50.00 0.00
50.00 50.01 0.02
50.03 50.02 0.02
50.00 50.00 0.00
50.01 50.01 0.00

Table 4. On-site verification result of phase tracking
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FLI FL R AR A (°) REMAL(C) HRRE()
0.00 0.05 0.05
0.00 0.07 0.07
0.00 0.07 0.07
0.00 0.09 0.09
0.00 0.09 0.09
0.00 0.08 0.08
0.00 0.06 0.06
0.00 0.08 0.08
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