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Active Damping Characteristics on Virtual Series Resistances of LCL Filter
for Three—-phase Grid-connected Inverter

Yong-Jung Kim' and Hyosung KimT

Abstract

LCL filters are widely used in high-order harmonics attenuation of output currents in grid—connected
inverters. However, output currents of grid-connected inverters with LCL filters can become unstable because
of the resonance of the filters. Given that the characteristics of output currents in inverters mostly depend on
filter performance, the exact analysis of filters by considering parasitic components is necessary for both
harmonics attenuation and current control. LCL filters have three or four parasitic components: the series and/or
parallel resistance of the filter capacitor and the series resistance of the two filter inductors. Most studies on
LCL filters have focused on the parasitic components of the filter capacitor. Although several studies have
addressed the parasitic components of the filter inductor at the inverter side, no study has yet investigated the
concurrent effects of series resistance in both filter inductors in detail. This paper analyzes LCL filters by
considering series resistance in both filter inductors; it proposes an active damping method based on the virtual
series resistance of LCL filters. The performance of the proposed active damping is then verified through both
simulation and experiment using Hardware-in—-the-Loop Simulator(HILS).
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Fig. 1. Three-phase grid-connected inverter with LCL

filter.
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Fig. 2. Single-phase equivalent LCL filter in three-phase

system.
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Fig. 3. Block diagram of ideal LCL filter.
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Fig. 4. Bode plot of regulation characteristic in LCL filter.
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Fig. 5. Single-phase equivalent LCL filter with series
resistances of inductors in three-phase system.
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Fig. 6. Block diagram of LCL filter with series resistances

of inductors.
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Fig. 7. Bode plot of regulation characteristic in LCL filter
with series resistances of inductors.

7ZHan) e} 5943 -20dB/decades ztow  FRAFERS
o] & o= -60dB/decade?] 7H&H]E zte=t

22 de{eldE LFHMES D2 LCL 2HHY

a7 5 HE EAge] gRFeln A
c7b BYA 24 wE BHANH ADRFAGL

EE aawa EERERLE
Be] ZErhololge Uehla, AEILE HAyy
Ae wele LCL Beo) Ang 2909 ne )
F2QAF ANEAL 17 69 2ErioloLue] o
A 4= A (e ARPRE el 4T 5 ek

1

Iy ((9 )) _ LfLny (3)
V(s . J R R, R:R, R+ R,
e s“+s‘(—f+—-‘*)+s( (I S LfL A
Ly L LiL, LG LG Ly Cr

2l (3)5 B3l ZHJYEe JEAYY HEUFAE
o Mee LCL 28 dgdere 542 299E #0
$AAYE & 4 slev], ARgrel Bold ANS
s BEAGH St ABUTAPY wEs 7 BelY
el Az mdsd 4 @9 d2ars 4 @9
2ol tehd + gl

1
I,(s) LL,C; (

AL ‘ 4)
Vils) s, of1 1 1 1 1 1

9+9(Tf+ g)+9(Tqu chfcf) 7Lt Cr - 1Ly Gy

21 (4) ol A T

SIHE = FEYE ANAHFE
Mt e A S %EMQEM N4
] y TfQ’]— T7]‘ TE % P

- % -
G)sh 2ol 14 A5t 27 Azglo waE 4 Yk

1

I(s) LL,GC )

V(s) ( +1)(2 1 L+,

S — | S —S

T LLG
2 (5F T3 AWE & ZEAYE ] ATt AT
Z HAYH S ARG 2 Fdaithd, ZERIYE 4
AFATE 8@ LCL B sFaE o d4d
LCL dHs} vR7IA2 4 ()9 2a dHHE 2

HFAZ og AlgH (= 4 6)3 o] yEbd 5 Atk

1 Rf R (Rf +R,)

— — 9
e L 20,L Lf+L) ©

res T‘PS resT—g T‘PS (

A ©F T3 Qe 5 AHAGH) N850} A%
E J T8 A7 T =

olEEl A9} A m$§§x1§L4 ];]]7]_ o) Q&L on|at
3l o] LCL e AEH] ¢ 3

A el Au) sk %EMHEH quﬂ
#3hs o gt

a9 7L FHYY

H AdRAgs a8 LCL 2
Ele] #Edo]d EAd w2 REAES ey 2
B9 E AEuURALgS 183 LCL ZH= AF3
Aol Al A3 Gaing ZH= 5AS Uehdh 4 (D

A3t gex LCL ZE 9] Gain 715 YERdTE
Gainy,,, =—20log(R; + R,) (7

A 1

Gain,,, = 20log T, 7 Lo, 20log2¢ ®)

N (& £3) AFHAe Gaine LEALE | 4
QEAYel oo AFES ¢ & ek AHE Gain
F FAFN5 oA7A LCL Bee) 7au: B
gEje] AA] AEEze] dgait L Beje] e

T e



AEE WPAGE el LCL DElel SEUD 54 91

R;RCy
Lg

.....

Fig. 8. Block diagram for active damping method with
virtual resistances of inductors.
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TABLE I
SPECIFICATION OF THREE-PHASE GRID-CONNECTED
INVERTER
Parameter Value
Rated power(P,;.,) 3kW
Grid line-to-line voltage( V) 380V
DC link voltage( V) 800V ¢
Grid frequency(f,) 60Hz
Switching frequency(f,,,) 8kHz
Inverter side filter inductance(L;) 1.541mH
Grid side filter inductance(L,) 1.541mH
Filter capacitance(C}) 4 TuF
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Fig. 9. Three—phase grid current and FFT without proposed
active damping in simulation (Load: 50%).
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Fig. 10. Three-phase grid current and FFT with proposed
active damping in simulation (Load: 50%).
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Fig. 11. Experimental equipment for three-phase grid-
connected inverter using HIL-400.

TABLE T
SPECIFICATION OF HIL-400

Parameter Value

.. Channels 32ch
?;itil High threshold voltage 2V (min)
Low threshold voltage 0.8V (max)

Analog Channels 160ch

Output Tolerance 3%

Output voltage range 5V

Calculation update rate 2MHz
Calculation update period 0.5us

time: 10ms/div N : 2V/div B : 2V/div B 2vV/div
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Fig. 12. Three-phase grid current and FFT without
proposed active damping in experiment using HILS (Load:
50%).
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Fig. 13. Three-phase grid current and FFT with proposed
active damping in experiment using HILS (Load: 50%).
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