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Harmonic current suppression of a grid-forming LCL inverter in a weak grid
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Abstract: To solve the current distortion problem of a grid-forming LCL three-phase four-wire inverter in a weak grid, a
harmonic current suppression method based on a phase-compensated multi-resonant controller (PCMRC) feedforward
voltage is proposed. First, looking at the output impedance of the grid-forming LCL inverter, an impedance model of the
inverter in a weak grid is established. When the traditional unit feedforward voltage is adopted, the shortcomings of the
system low output impedance gain and weak harmonic current suppression ability at the harmonic frequency of the grid is
analyzed. Then, considering the influence of the active damping loop of the LCL filter, and based on the traditional unit
feedforward voltage, the PCMRC feedforward voltage is introduced. The harmonic suppression performance of the
proposed method is analyzed by an impedance bode diagram. The main parameters of PCMRC are designed in detail, and
the system output impedance and harmonic suppression ability are analyzed. Finally, an experimental platform is
established, and the results show that the proposed method can improve the impedance of the inverter at the harmonic
frequency of the grid effectively. Therefore the current distortion caused by harmonics of the grid is suppressed, and the
system can maintain good stability when the impedance of the grid changes.
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Fig. 1 Topology and control diagram of a grid
forming LCL inverter
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Fig. 2 Double loop control diagram of a grid forming LCL inverter
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Table 1 Experimental parameters for a grid forming LCL inverter
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Fig. 11 Experimental waveform diagram of a grid forming

LCL inverter with voltage feedforward
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LCL inverter with multi-resonant controllers
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Fig. 13 Experimental waveform diagram of a grid forming LCL

inverter with PCMRC feedforward compensation
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Table 3 Comparative analysis of experiment results for harmonics

and distortion of grid-connected currents
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under different weak grid conditions
4 LEip

AL ER VSG SREE 1R N 8 LCL Wi A8 3%
RIEFEXS G, T 55 EEL IR S (1430 7 2% DX 0 E 9 e A
] REEAT THESE, 2T L R AL I B 45 1) 3
W, LT RGUHPUEA, $EHE PCMRC RIFHE
T HIF IR LCL 1 AR 3845 i S . W 7o &5 L A -

1) 1% G5 5 AL B 1% AN B8 A R e i) ) 2R
LCL 10545 23 7E 55 L X T 110 5 o F it e A8 ) 7, L 32
BRI TR LCL 4R 38 5L 48 -0 A5 2%
PIFEHIFR AN, HES H A AT R EOAN A

2) NfE VSG HEA N Em sl ge )y His e iz
17, 1T —FhsudrEERT T, G RAL
R ATt A 26 5T N T BUBAME IR Y o (B4 MRC
PERRTRAMEIR T, ANEEA RUR A AL LCL ¥ 4%
FRAE 55 X () R PO EEL A R A ), L o R R AR
Tz BEA AT ER . FHPURR UG b TE 2
Ab TV R A

3) A5 N PCMRC HLERTRAMEIR T, 15
PP LCL 10 AR 28 25 50 H BH PR 1 9 06 &b 18
PEANFRAL, G PR R T H DR U IR 0 6 Ak ) 3 AR 4
BHATC, AT E E 9 1 % 5 S A r e A . 0ot Ll
SEIIGE 1% R R .

4) AL FEfRRFFHEM TR EMMA LCL ¥
AR % IS H AN 0 R R Skt — D 3 fE A

AR 2RI AR SR IEAT TOUAT AT 7T
SE 30k

[1]

(2]

[3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

LASSETER R H, CHEN Zhe, PATTABIRAMAN D.
Grid-forming inverters: a critical asset for the power
grid[J]. IEEE Journal of Emerging and Selected Topics in
Power Electronics, 2020, 8(2): 925-935.

JART, @R, SR, &5 ELFERENLIEMIET T
PO U8 JRE AT 1) L A 2 R S WE [T]. LD R GRS 4%,
2024, 52(9): 166-173.

ZHOU Ke, JIN Qingren, MO Zhiyue, et al. Grid harmonic
suppression and fault ride-through strategies for a virtual
synchronous generator in grid-connected operation[J]. Power
System Protection and Control, 2024, 52(9): 166-173.
ELMELEGI A, MOHAMED E A, ALY M, et al. Optimized
tilt fractional order cooperative controllers for preserving
frequency stability in renewable energy-based power
systems[J]. IEEE Access, 2020, 9: 8261-8277.

WANG Jiashi, MA Ke. Inertia and grid impedance
emulation of power grid for stability test of grid-forming
converter[J]. IEEE Transactions on Power Electronics,
2023, 38(2): 2469-2480.

DU Wei, CHEN Zhe, KEVIN P, et al. A comparative
study of two widely used grid-forming droop controls on
IEEE Journal of
Emerging and Selected Topics in Power Electronics, 2022,
8(2): 963-975.

RATHNAYAKE D B, AKRAMI M, PHURAILATPAM
C, et al. Grid forming inverter modeling, control, and
applications[J]. IEEE Access, 2021, 9: 114781-114807.
BKIL, RiE, THEY, 55 MR E A
RR[T]. HE HAL TR SR, 2023, 43(6): 2339-2359.
ZHAN Changjiang, WU Heng, WANG Xiongfei, et al.
An overview of stability studies of grid-forming voltage
source converters[J]. Proceedings of the CSEE, 2023,
43(6): 2339-2359.

LIU Jia, MIURA Y, ISE T. Comparison of dynamic
characteristics between virtual synchronous generator and

microgrid small-signal stability[J].

droop control in inverter-based distributed generators[J].
IEEE Transactions on Power Electronics, 2016, 31(5):
3600-3611.

VISSCHER K, DE HAAN S W H. Virtual synchronous
machines (VSG’s) for frequency stabilisation in future
grids with a significant share of decentralized
generation[C] // CIRED Seminar 2008: SmartGrids for
Distribution, 2008, Frankfurt, France: 1-4.

LIU Teng, LIU Jinjun, LIU Zeng, et al. A study of virtual
resistor-based active damping alternatives for LCL
resonance in grid-connected voltage source inverters[J].
IEEE Transactions on Power Electronics, 2020, 35(1):
247-262.



2 A, %

55 FL R LCL 334 85 430 R AT B 9

- 139 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

FONSECA T Q, RIBEIROK R LA, ROCHATD O A, et al.
Voltage grid supporting by using variable structure adaptive
virtual impedance for LCL-voltage source converter DG
converters[J]. IEEE Transactions on Industrial Electronics,
2020, 67(11): 9326-9336.

BERES R N, WANG Xiongfei, LISERRE M, et al. A
review of passive power filters for three-phase grid-
connected voltage-source converters[J]. IEEE Journal of
Emerging & Selected Topics in Power Electronics, 2016,
4(1): 54-69.

RERIE, BRIR, ET, S ET X HER AR LCL
TYFE AR 38 AT I AME V], H ) RS IRY S92,
2024, 52(8): 145-157.

ZHAO Tieying, LI Junran, GAO Ning, et al. A delay
compensation method based on a biquad filter for an
LCL-type grid-connected inverter[J]. Power System
Protection and Control, 2024, 52(8): 145-157.
YANARATES C, ZHOU Zhongfu. Symmetrical pole
placement method-based unity proportional gain resonant
and gain scheduled proportional (PR-P) controller with
harmonic compensator for single phase grid-connected
PV inverters[J]. IEEE Access, 2021, 9: 93165-93181.
LIN Zhiheng, RUAN Xinbo, WU Liguo, et al. Multi
resonant component-based grid-voltage-weighted
feedforward scheme for grid-connected inverter to
suppress the injected grid current harmonics under weak
grid[J]. IEEE Transactions on Power Electronics, 2020,
35(9): 9784-9793.

RXBRRA, BRI, FBETE, S5, T I WA i s
i ) 2 52 - L ) 2 A il 6 0 BT S E (D). BT EOR
224, 2019, 34(24): 5189-5198.

ZHAO Qiangsong, CHEN Shasha, ZHOU Xiaoyu, et al.
Analysis and design of combination controller based on
repetitive control and proportional control for harmonics
suppression of grid-tied inverters[J]. Transactions of China
Electrotechnical Society, 2019, 34(24): 5189-5198.
T, B, B0, BT AR T A 0 O
P BB FU[I]. HIT T EOR, 2022, 56(7): 37-40.
LEI Shaohui, HU Haibing, LING Bowen. Design of
harmonic current suppression strategy based on resonance
control[J]. Power Electronics, 2022, 56(7): 37-40.
WANG Qi, QIN Wenping, HAN Xiaoqing, et al. Robustness
evaluation for harmonic suppression of LCL-type converter
based on converter-side current feedback strategy under
weak and distorted grid[J]. CPSS Transactions on Power
Electronics and Applications, 2021, 6(2): 166-177.
ST, RAUTL, R, S BT A PH R A AT
FLR 1S S B AMEIRT T2 0], BT HOR, 2020, 54(8):
5-7, 18.

CHALI Xiuhui, ZHANG Chunjiang, ZHAO Xiaojun, et al.
Research on power grid background harmonic suppression

[20]

[21]

[22]

[23]

[24]

based on grid voltage full-feedforward[J]. Power Electronics,
2020, 54(8): 5-7, 18.

WRAK, 1ok, EREE, 55, 59 HM RO S
% JF AR 5 BT E IR DTk (0], R RGER
5, 2024, 52(1): 59-72.

CHEN Lin, XU Yonghai, WANG Tianze, et al. Resonance
suppression method for multiple grid-connected inverters
with impedance remodeling with background harmonics
in a weak power grid[J]. Power System Protection and
Control, 2024, 52(1): 59-72.

Wt BRA, AR, S BT BHER] VSG
F B 0 A 5 JF AR MR A 0], B TREROR,
2021, 40(6): 52-61.

YANG Yixi, CHEN Jie, WAN Yumeng, et al. Impedance
modeling and grid stability analysis of VSG for voltage
feedforward control in power grid[J]. Electric Power
Engineering Technology, 2021, 40(6): 52-61.

Bko.se, W7575, o, 45, — Mk T Rl A0 A Rl
PR L AR VA T]. B LR 2R, 2018, 33(5):
1040-1050.

GENG Yiwen, TIAN Fangfang, SUN Shuai, et al. A
method of current harmonics suppression based on VSGI[J].
Transactions of China Electrotechnical Society, 2018, 33(5):
1040-1050.

WE, BREOR, 0, 55 S5 M R 2 RGN
B G2 R SRR M D7 VA (D], A ORI
2020, 35(4): 885-895.

XIE Zhiwei, CHEN Yandong, WU Wenhua, et al. A
global high-frequency oscillation suppression method for
multi-inverter grid-connected system in weak grid[J].
Transactions of China Electrotechnical Society, 2020,
35(4): 885-895.

HE, HE, R, 55 SRR LCL B W idiAg
0 S SO AR R SR (0] R R EOR, 2020,
46(5): 1560-1570.

CAO Ziheng, XIAO Xianyong, LI Yuan, et al. Adaptive
novel feed-forward control strategy for LCL type grid-
connected inverters in the weak grid[J]. High Voltage
Engineering, 2020, 46(5): 1560-1570.

IS HER: 2024-06-04;

&EIHHA: 2024-08-01

EEEN:

. O2.(1983—), B, @R, HEHRL, HLLT

I, AT EAFRERLELEFREAK; E-mail: xialie@

epri.sgcc.com.cn

A& 1982—), %, MiEt, EHAIER, HRHE

A K A REE L FF W A & iR FAR

it

HE (1988—), B, Mit, FAIET, FAFTEH
B R E AR G Hm),
(%% F R



