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Seamless Mode Transfer of Indirect Current Controlled
Parallel Grid-Connected Inverters

Injong Song!, Junsoo Choil,

Kyungbae Lim? and Jaeho ChoiT

Abstract

This study proposes the control strategy for the seamless mode transfer of indirect current controlled
parallel grid-connected inverters. Under the abnormal grid condition, the grid-connected inverter can
convert the operation mode from grid-connected to stand-alone mode to supply power to the local load.
For a seamless mode transfer, the time delay problems caused by the accumulated control variable error
must be solved, and the indirect current control method has been applied as one of the solutions. In this
study, the design of control parameters for the proportional-resonant-based triple-loop indirect current
controller and the control strategy for the seamless mode transfer of parallel grid-connected inverters are
described and analyzed. The validity of the proposed mode transfer method is verified by the PSIM

simulation results.
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Fig. 1. Configuration of parallel grid-connected inverters.
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Controller Sequence Controller & Switch

Operation
Indirect current
Ge controller On
sgofft H s1ofr
Indirect current
controller Off
Droop Control Voltage
SSI (Droop Control) Reference Injection
SBGS Sg On
GS Voltage Reference
GS o
Injection
Indirect current
controller On
SBGC Grid Volt.age 'Reference
Injection
Current Reference
Injection
GC SI On

Fig. 4. Sequence diagram for proposed controller.
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Fig. 5. Root-locus result of inner current controller.
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Fig. 6. Block diagram for inner current controller.
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Fig. 7 Block diagram for inner voltage controller.
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Fig. 8 Root-locus result of inner voltage controller (K,=0).
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Fig. 9. Root-locus result of inner voltage controller (K=0).
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Fig. 10. Root-locus of inner voltage controller (K,=0.0308).
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Fig. 11. Bode plot of voltage controller (PR controller).
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TABLE I
SIMULATION PARAMETER

Parameters Values | Unit
DC link voltage 400 v
Rated output voltage 155 \%
Proportional gain of current controller, K, 32.7 -
Proportional gain of voltage controller, K, | 0.0308 -
Integral gain of voltage controller, K; 20 -
Switching frequency 5 kHz
Filter inductor, L 4 mH
Filter capacitor, C &0 uF
Load resistance, R 80 Q
Ilanded mode ——ie  GCmode =

+~GC mode - ——
Po :

2000

1500
1000
500

0

P.DGI  P_DG2:

2000
1500
1000

500

P_load

2000
1500
1000
500
0

05 1 15 2 25 3
Time (s)

Fig. 15. Active power of total (top), DGl and DG2 (middle),
load (bottom).

Islanded mode GC mode =

GC MOde = e

Q
: r——;
™ 5

QDet  QDG2

—_—

Q_load

05 1 15 2 25 3
Time (s)

Fig. 16. Reactive power of total (top), DGl and DG2 (middle),
load (bottom).

Islanded mode
SSI mode (Droop Control) [SBGS GS 1SBG

GC mode

0 05 1 2 25 3

15
Time (s)

Fig. 17. Inverter current output of DG; and DGg,
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Fig. 18. Inverter voltage output of DGy,
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Fig. 19. Inverter output voltage (top) and phase angle
(bottom) in GS mode.
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Fig. 20. Grid side inductor current (top) and load output
current (bottom).
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Fig. 21. Inverter voltage waveforms under load change from
100% to 50%.

-—
1L

I(R1a)+I(R4a)

bbhoarow

|
|

2 25 3

b o

0 05 1 15
Time (s)

Fig. 22. Current waveforms under load change from 100%

to 50%: Grid current (top), inverter current (middle), load
output current (bottom).
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Fig. 23. Active and reactive power of DGy and DG, under
load change from 100% to 50%.
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