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A three-phase phase-locked loop design method based on improved frequency-fixed
DSOGI and cross-compensation

GUO Leilei, YE Qingyang, JIN Nan, LI Yanyan, WU Zhenjun
(College of Electrical and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: Phase-locked loop technology based on a frequency adaptive second-order generalized integrator (SOGI) is often
combined with a sliding mode observer (SMO) because of its good filtering performance to solve the problems of DC offset,
frequency deviation, and phase jump of power grid voltage. For conventional frequency-adaptive SOGI phase-locked loop
(PLL), there is frequency coupling between the front-end SOGI block and the back-end PLL block, resulting in poor
dynamic performance of the PLL. The proposed method uses frequency-fixed SOGI instead of frequency-adaptive SOGI,
eliminating the frequency coupling between the front-end SOGI block and the back-end PLL block. At the same time, a
method for cross-compensation of grid voltage is designed. This can accurately compensate for both the phase and
amplitude of grid voltage simultaneously, improving the disadvantage of traditional compensation methods that require
separate compensation for amplitude and phase. The conventional frequency-adaptive SOGI based PLL and the
small-signal model of the proposed frequency-fixed SOGI based PLL is derived in detail, and comparative analysis proves
that the proposed PLL is more stable. Finally, the effectiveness of the proposed method is verified through comparative
experimental research in different grid voltage conditions.
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Table 2 Dynamic performance comparison between
DSOGI-PLL and FFDSOGI-PLL

DSOGI-PLL FFDSOGI-PLL
SHy BT fasE Fase
U 5/ % FEVE /%

E i 8] /ms

FAALBEAE+30° 16 48 24 48

I HiEmMB+SHz  16.36 43 127 43
+20% ELifL 7 & 4 19 4 19
AR BEAE+30° 24 >100 44 22

I SiRfmk+5Hz  14.54 71 18.1 22
+20% B 73 & 8 56 12 19
AR BEAE+30° 16 45 44 22

Il HiRmE+SHz 164 45 18.1 21
F20%ELF 4 4 21 12 21
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AR FAMRAE R B 3 2EAT #M I H 2 H I A% R A A
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