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VSG Pre-synchronization Control Strategy for Smooth Switching Between Grid-following and
Grid-forming Modes
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Abstract: To address the transient power impact of grid-connected converters during the switching between
grid-following and grid-forming modes, and based on the generation mechanism of this transient power impact, a
virtual synchronous generator (VSG) pre-synchronization control strategy for smooth switching was proposed.
First, the phase difference jump problem during pre-synchronization was corrected, and the tracking direction was
adaptively adjusted according to the phase difference interval, optimizing the phase adjustment amount required for
phase tracking. Second, the reference current value was smoothly switched based on the consistency of integrator
output to avoid current impact caused by direct switching, and combined with voltage amplitude pre-
synchronization, the transient power impact during the mode switching process was effectively suppressed. Finally,
an experimental platform of the grid-connected converter was built and experiments were carried out. The
experimental results verify the effectiveness of the proposed control method in suppressing the transient power
impact during the switching between grid-following and grid-forming modes.
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Fig.1  Main power circuit and traditional VSG control block diagram
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Fig3  Grid-following converter control block diagram
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Fig.4 Mechanism of voltage phase-angle difference jump
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Fig.5 Phase difference interval-based adaptive tracking strategy
4 R AHAL 22 S L O (0, i), S AR GE A L
S RN — B o, K, VSG HJE M7 52 3 IR
A AL 22 B W 4 /N Ry 05 24 W AR A 22 918 L
(e, 2|6 5 A5 55336 507 T LR oo, /1N
AL 223, B2 2 45 1, LA R0 U A 22 [
AW 0, IR 3R -

k.
Ao, =(k,+—)(0,,-0..) 0<8,, =0, <T0
S

k
9 + Tg ) [ 21T - (05;['07 - 0"5g('0|') ] 1T< 0%(""’ - 0\'3 cor S 21T

(8)
P Ao, IR SRR AR 5k, Ky 50
19



wAEF 20265F F56% F 104

IRIE B, 5« @ e SR/ B IR b 0 VSG AR 45 ) ek

R AR AL T ] 205 64 e A5 2R ORI o0 R B

FHLE T GEAH L I8 BR SR, %7 1A L SR AH
(L 2EE A (r, 2 IR AR A7 ) B 5N R4 1
(DAL REBORE

G55 AL 22 Bk A M IE 5 3 T A A 22 IX T
T IO 16 B SR, AR T[] 2 S 4 ) S et ] 6
B - e A R R L R 5 VSG R AR AL R T
FEAE 5 B 5 5 T Ff B AR 22 DX 33 7 328 4260 o7
B BR DT 1), 45 B U] AL f R A, e 2T B
FADL2Z | S AR QL TR 2 1 A

|
LTI 21X
I 3 P '

&6 AR Bl 45

Fig.6 Voltage phase pre-synchronization
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Fig.7 Voltage amplitude pre-synchronization
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Fig.8 Reference current pre-synchronization
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Fig.9 Block diagram of VSG pre-synchronization control strategy
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