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VIII. CONCLUSION

This paper presented an implementation of a single-phase
PLL based on a square wave feedback signal with SHE, suit-
able for power system applications. The use of a squared wave
VCO simplifies the implementation of PLLs in FPGAs, DSPs,

or microcontrollers, because the number of multiplications is
reduced and the sine and cosine calculations may be eliminated
for some applications. The SHE-PLL also eliminates the steady-
state phase error inherent to the square wave PLL when the input
signal contains harmonics.

The classical, square wave, and SHE PLLs were simulated
and implemented in an FPGA to generate experimental results
which were compared. Steady state and transient tests for dis-
torted grid voltages, voltage sags, outages and phase jumps,
and frequency variation were performed to validate the algo-
rithm. Tests have demonstrated that the dynamic response of
the SHE-PLL and square wave PLL is similar to the classical
PLL. Moreover, the simulation and experimental results have
shown that the SHE-PLL with fixed window MAV filter is ro-
bust to grid faults including voltage sag with phase jump and
frequency variation up to 6 Hz of nominal frequency.
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