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Grid Current Feedback Control Method for LCL-type Grid-tied Inverter
with LCL Resonance Frequency above Nyquist Frequency

Tetsunori Kinoshita*, Hiroki Watanabe, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes a current control method for a grid-tied inverter with LCL resonance frequency above the

Nyquist frequency. Typically, the resonance frequency is decided below the Nyquist frequency to avoid the Nyquist

frequency of the grid-tied systems. The proposed current control stabilizes the grid-tied systems under above

Nyquist frequency condition in order to minimize the volume of the LCL filter. Especially, the proposed current

control effectively suppresses the resonance peak. Accordingly, the inverter robustness against the grid impedance

variation and the dynamic performance are significantly enhanced. The detail of the proposed method and design

strategy is introduced with the design procedure and the design example. Finally, the validity of the theoretical

analysis is demonstrated by a 1-kW prototype with and without active damping.

F—J— K ZRHERA > N—%, LCL7 4 V%, EFiH,

TIT4TE T, FAXANEEEK, A FLUL

(Keywords, Grid-tied inverter, LCL filter, Current control, Active damping, Nyquist frequency, Multi-level)

1. [FL®IC

k%t% BSOS E &\ o T A ATRE = koL X —F
—HE L LT, HHIUREY AT LDORBBEAIITD
hfwa”ﬁ%t% ECIXRRER A = F ZHNTK
WrEE DI EET) & R~ T D, FIRBERA N
AIXENWEZHAT2HMT, BREZEZRVR
DN BHERFRICE VY BERERL TS0, 4%%
2, AA v F U TR ORI R ST D720
LC 7 4%, { LUK LCL 7 4 )VHINA 73— H bl
EShnb, FrC u174w&imﬁ&’ﬂ¢émwﬁﬁ
BRI Z, 7 4 V2 ERE KIBICHIATRETH 5 72 DR
<HEHENTHDHG0),

—JFC, LCL 7 4 VHZ %A LT R E R 7 « — RN
v 7 HIERTIE, LCL OHAREWEE f L7 ) v T
B DT X > T AT ARRLET DA REMERH Y,
CDRDY AT DAORESFMHITZ DR 16 Ult/edZ
EDBATHIZEIZ L0 B B DMT e TV D OO, Z g il
T H 7Y T OFFERIE, PWMIEIE) (2XkD, AT
LDV —TRHAEONFE I, LCL ILHRJARE & v K
JE BB AT AR PEAS-180° 2 @I B -0 TH B, L
L, LCL HHEAKREZHESE TV DI DI TIERW=D, 7
A VZIIRIZ Ko T, BIRHMEIR S HIRR & 41 5 ATREME I
IR E LTI T B,

THUIZH LT, 7o NFIREIHET LI E TV AT A

DARZECEERET 2 FIENSZHRIREI LTS, TD—
BTHD, 77T 47X ZI3ERKESLOBMAR L
VAT AEREARSEDZENRTEHO00, 7o F7 4 T4
VU T ERETL -FELLT, T4 E Ty RUAE
WE7 44—y 7 THFRERH D, Z O TILHIET

WCHRIZHT DX B T HRITV, T AV E XX N HI|T
® LT, WHNZH &0 7P S iR E 2 i3
Do AT K VARAEEGPTIC £ 5 LCL LRI 9 2 B2 R
DEFCE 50, Z 2T, (ABEPUIHIERIE A ZET 5 2
WXLV v = A LTCIRD D DS, (A v
V= AT 16 < fifs < 1/2 OB AT T AR & 22
%, AVEESUIZE E BN\ T Y- (RHP)IC AR % 56 4E
SH D, EOTDRERMEHERT HTDIINV—TF A
DR T AR S5,

DL EORBEICK L, JEWEE M ©IE O ETE &
BT VT 4T H S TRERERA RFE TN D0,
Lo L, FATRFED T T LCL 7 4 V2 O LCL AR
B3 A x A FEEECRHE 7Y v T REE Oy &
RBHLICEREHTOIMNERS D, ZHUIAAL v T U TR
By O BT L DB E BT 5720 TH D,

— 5T, Z4NEONRULOBRTIEF v U T EEEO
R LT LAV EBRROBARE I TH D, L
L, kiR U735 EoBIFic &k v By s 7 @ H s il R
S, LCL 7 4 VZ O/ & 70 %, Zhiaxt LT,
SCHR®) 72 & TIE T A F A MERHUL E TSI T

176



AT AOREGEERZ WML L, LCL 7 4 V% OfEHE
FHERLTVA®O, Lol %%@%fi%im&%%%
JEZFIHEE LTV D, EFRICITREMORIEICE > T, F
%4VEﬂEVX@£%ﬁ%E¢60%@ﬁ%,/X?Aﬁ
REFET 2 aHEERH 5,

AFWICTIE, A F A MEEELL Lo LCL FHAREWR T
REL SN T A NV E BT DRMHERA N —F OE
PNEAARZET D, KX ORERIL, 7774 7 X B 71T

é%E%%ﬁ@E%%%%UT@fFwﬁyfuyﬁﬁ
MO0 T, OIEREETHZ LIk y, BEVvEE
I8 W BB CIEOBIEPL E L CIRD BV LE(bT D 2
LIZhH D, X DICEDBARIRHIHEBHIL K O 7= DI RN
B RR 2 BN L T 5, AFIEIE LCL LR % Ji) rl g7 7=
O, VAT AIRFEA - ALK L THEANR B
THY, mOEFEZ EER TE 5, FHMRGEEIC XV BEiR0 X
WHERIEL, RFEA L E—F A 10%LL T DM TIEHR
MEROT L SRUTICHH TELZ LA MER LD
THET D,

2. VATLDBABLIVETY VY

2-1) FEEERER

K1 LCL 74 NEEGTH7 7427 F v/ 4 (FC)
FR 3 VAUVEFRBTER A VN — X FoRd, B R BTE
FA UN—H T FCHRD 3 L~V EERA o 3—F L LCL
D)7 4 M FIT &> TR S, Hh7 23
Bt s.(PCC: Point of Common Coupling) {285t S5,

(2:2) IZAVTLOUTEEBELERBAIER 4 —F
Ny D FIIEHORE

X 2 \ZF v U HERMG T 4 — RN 2T 0T 4T X
VR ITHERXEMEA LT RHRE (}|L74'_ AP APVA=3
7 B ERT, AR S @ BICEERR R T VT 4 T X
vErrsTchb, 2T, 4/A%&mﬁ EIE vo 2B R
UL iy £ CTOSNVAREBBIIUTO L S IcRkE D,

6, . [1]- iy 1 T, 1 (z-1)sineT,
TRV, L4l Ly z2-1 o 27 -2zc0saT, +1
....................................................................................... ()
ot L+L, +L, @
, T T T T i
' "oL(L +L)C,

I, LIFA v NRN=Z A B R R, CET 4V EF
FNVE R, AR T A N EA T T B R, LR
WA T H R, FIFERERE, Txr 7Y o IR
Thb,

X312 LCL 7 4 V& O HARJE A T A % 2 NEEE
TV T REBOYU EE LG EDT U2 ——T
OB — TR & R, 7272 LB E b D72
Bl E L, 77 T4 T F TR LELTNS, T2
T, avhe—=J{»sAEREREKETI AV TS

DI A XA MNEERLVIRWERBTHRAET
5, 22T, mA UT 72 K0 RAET D IIRE B fimaee

ic Ig Viee
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Fig. 3. Open-loop frequency characteristics of grid-tied inverter.
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fo it | LCL Resonance Frequency 108.9 kHz
f wea | LCL Resonance Frequency 77 kHz
Controller Parameter
f Sampling Frequency 150 kHz
fe Crossover Frequency 10 kHz
PM Phase Margin 45 deg.
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fi Resonance Frequency Width 0.5Hz
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(a) Inner-loop frequency characteristics.
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(b) Outer-loop frequency characteristics.
Fig. 12. Inner and outer loop characteristics.

%%#o%%4V8—ﬁVX%@ﬁK%wf$fﬁ%%ﬁ
RIENTVD Z LR TE D, K 120)& Y, Stiff-grid FF
Gl bW‘ﬂﬁ%%@u#ﬁ’ﬂbfum%@#&%L
TWb, Zit, £ F— A —7OMBEENERC L DI

HHDTHD, LIEER-T, 77T 47X 7Ok
W28, BA—T DRERBD L Z 4D, Weak-gird RE(R)
DT 7 —=N—TDORRN—T A B X ORI OUE
XS5 H%OPETH 5,

& 13 ICHRFA 2 E—F o RAEBED S AT A OARES %
A, BMALAPICHBAALET D Z LN bREA E—F
AZBNRRA NTHDLZ ERLND,

5/6



5. REHER

M 14 ICEFERIEEZ R T, ffiA =X RICE D
97, B THD I 5%LL N & 7e b, MRBEEZHE L TV,
15127 27T 4 7H 8y ZHEAEOSEREZR~T,
B 15(a) & v, Stiff-grid FFICBWTT 77 4 7 X B Tk
WA LW E, 7 4 W ZIERFEA L, HREWRS ZHE
MICEELTWDZERbND, —HT, K15OICHNT,
weak-grid FHZDOWCIET 7 7 4 7 X 80 7 OfF BIZE%
e HIRIFFEER SN2, ZHUE, T v REA AR TOH

Imaginary Axis
(=)

w/o Phase Lead-lag comp. _:
with Phase Lead-lag comp X
-1 -0.5 0

0.5 1

Real Axis
Fig. 13. Root locus of grid current feedback system when grid
inductance is varied.

| NVi output voltage vo (500 V/di\(__)
h |

e

PCC voltage
vpccr(loo V/div)

Grid current

ig (5 A/div)
THDIj = 4.0%
ig ms=4.96 A
PF =0.99 or more -
| Time (4 ms/div)

(a) Stiff grid at %Zg = 0% (Lg = 0 mH).
Fig. 14. Steady-state operation waveforms with active damping.
INV. output voltage vo (500 V/di\\/)
e s .

Grid current iq (5 A/div)-- Resonance 0ceurs
v

K

\W/0 active dampin
Time (10 ms/div)

(a) Stiff grid at %Zg = 0% (Lg = 0 mH).

With active damping

ARG X0 B AR L2729 Th %, Stiff-grid FFIZ
BWTHLINODEENL DN, VAT LADEWIL—T4
A N &5 THPITIIRZ MK TE 220,

6. BbhHYIc

AFWILTI, T4 F A MEEELL Lo LOL SRR HE
BT 5 RHMER 7 «— 3 7l R B0 2 Bl
WEERE L, REREEIIHER R EERET D
Z LR AREIR T8 LCL 7 4 VX OIRIE A HIEATRETH B,
EWHIEL Y, BHA v E—F U ALBFICe R N TH
D, Y THD 1% 5%LL T & 70 0 BB HR AN Z LT 5,

X [

(1) X. Wang, et al: IJEEE Trans. PE, vol. 29, no. 12, pp. 6421-6432
(2) IEEE Standard for Interconnection and Interoperability of

Distributed Energy Resources with Associated Electric Power
Systems Interfaces," in IEEE Std 1547-2018 (Revision of IEEE
Std 1547-2003) , vol., no., pp.1-138, 6 April 2018
(3) IEEE Recommended Practice and Requirements for Harmonic
Control in Electric Power Systems," in [EEE Std 519-2014
(Revision of IEEE Std 519-1992) , vol., no., pp.1-29, 11 June 2014
(4)  W.Wu, et al: JEEE Trans. IE, vol. 60, no. 10, pp. 4339-4350, (2013)
(5)  W. Yao, et al: IEEE Trans. PE, vol. 35, no. 3, pp. 3114-3126, (2020)
(6) D.Pan, et al: IEEE Trans. IE, vol. 62, no. 3, pp. 1537-1547, (2015)
(7)  W. Wu, et al: IEEE Trans. IE, vol. 64, no. 9, pp. 7402-7413, (2017)
(8) L. Harnefors, et al: IEEE Trans. IE, vol. 64, no. 8, pp. 6362-6370
(9) Y. Tang, et al: IEEE Journal of ESTPE,vol. 4, no. 1, pp. 3-14, (2016)

PCC voltage
Viee (100 V/div)

Grid current

ig (5 A/div)
THDI, = 4.8%
ig ms = 4.92 A
PF =0.99 or more -
Time (4 ms/div)
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Fig. 15. Inverter operation waveforms when active damping is disabled from enabled.
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