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Stability Analysis Using G-Parameters of Converters Constituting
DC Microgrid and Stability Enhancement Through Virtual Impedance

Jae-Suk Lee', Gi-Young Lee!, and Rae-Young KimT

Abstract

DC microgrid system composed of multiple converters has a tendency to make the system unstable due to

the interaction of converters. To solve this problem, in this paper, the interaction between cascaded converters
with LC input filter is analyzed with impedance modeling using g-parameter. The input impedance and the
output impedance of the system can be obtained through this technique. The stability of the system can be
determined by applying Middlebrook’s stahility criterion to the impedance. Virtual impedance is added to the
controller to enhance stability. The validity of the analysis is verified by the result of several simulations and

experiments.
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Fig. 1. Configuration of microgird system.
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Fig. 3. Interconnected subsystem schematic using g-parameter.

a9 2 @Y subsystemol A2 g-parameterS i
st S7ks| 2ot} g MY 32 g9 oumElx gy
2 N 32 A ALsh, gpe 9 32 AR/ A
2, g B 29 AvdaE dead o
g 2004 ¢, 8 BAAS Fetd 74 (DI 2k

&: 921
ZL
1% 3&  g-parameterZ 01%:0‘}04 Az A4d

subsystems YER 3 2xolth 27 304 B 5 9l
%ol F e Alz=Elo] AA WPE} subsystem 13}
subsystem 29 At AFI AE HAHS o= A
& o olnh AW e 4T e BAE) HEH
T4 (1)% o] 83}o] subsystem 13} subsystem 22] %
=9 WAAS Fehd 74 (2), 3)3 2T} Subsystem
13} Subsystem 29 A2 dagd s wjg zHe zro|g}
I 7 PASFE, AR Al AEY 28 Agdes 22
(D3} 2ol FAT F Stk ’\” (4)01]/‘1 Fast Fse
subsystem®] 7HH 3= A aAE gho
o} agEE A|AE EA]
W gow olF Fa HAA Al
)\ oh:]_

oL

ok
Hk-A /\1



The Transactions of the Korean Institute of Power Electronics, Vol. 23, No.

-
'

7]

-g Impedance overlap

=t

.E A

o / \A
©

b=

Zout

o

Frequency

Fig. 4. Stability analysis method using middlebrook’s stability
criterion.
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Fig. 5. Schematic of simplified microgrid system circuit
with virtual impedance.
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TABLE I
SYSTEM PARAMETERS OF SUBSYSTEM 1

Subsystem 1

Rated power 2 [kW]
Input voltage(Vy1) 513 [V]
Output voltage(V) 380 [V]

Inductance(L;) 43 [mH]

Capacitance(C;) 1000 [uF]
ESR of Capacitor(Rc;) 0.1 [ohm]
Switching frequency 10 [kHz]

TABLE IV
SYSTEM PARAMETERS OF SUBSYSTEM 2

Subsystem 2

2 [kW]
380 [V]
190 [V]
152 [mH]
330 [uF]
0.1 [ohm]
10 [kHz]

Rated power

Input voltage(Vyz)

Output voltage(Vy)

Inductance(L)

Capacitance(C,)
ESR of Capacitor(Rc2)
Switching frequency

TABLE V
INPUT FILTER PARAMETERS

Chritter

1000 [uF]

RL Fitter
0.2 [ohm]
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Fig. 7. System stability analysis using bodeplot.
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