U ER TR

9 20254E 1 A Electric Power Engineering Technology a4t FH1H

DOI:10.12158/7.2096-3203.2025.01.002

553 L TS 22 300 A s S 0 BEL BT B 2 30 1 310 o) SR gk

RERE, AR, B, TRHK, KEF
(AL R i U5 TR B, st 102206)

H EHBEMTLEERAMALRTRRN KRG W ARAT FEEYH, EMERRAXFHETREE G
B B AE A 3G 5R N R AR A, H RS — T FHGF R ER AR R EALAEEHRATAER,
BT, P EIBERAT 5% EHM AREAAER, 555 8 W T 55 Rk 7w £ R R, i Mg h—
FER TEERGHE SRR FRAES AR E LSRRk, AR E RN ENGER S
T B I P R AL I TRk b R T G R m AR AR LR 25 A R R Al FLA ) R s 55 b W ] 4G
Wik, B A% T RACK B & m R D FEAE S8 R Al FAME SR Y it —F B T R AR 5 AL R AT

REERAAIFH T ZHRAFPRAAER, RO S ELEAMAABLREATHELNE,

K0P H R MERE ;LM b EATH

HESES TM712 MRS A

0 3§

B T ] B 5 2 s A S HE g, UG AR X
BE MR ABT REVR & i B R P & JB . 2t
s REEA LE RS LB HIL SR R 2
M), PR X808 ¥ 2 300 5553 P DO AP A, 3 SR B A L T
BHATHR B rE o 1 3 0 A i i ML
R EGE AR A5 PR R B R g | R IR,
F, P P P 1 S i — 2D S EOF W L IR
e R (B 5P 3 23 s R I Bl R T e
MY E S M S5 N T AR SR IR s i T B H
%X[Q—lﬂo

A R TS 5o I 6 R 48 0T I L L H O i
FE i S, SCHRL 13-15 ]38 3ok 6 H i 42 il f P g
T EG 1 I B b 1) BRI 4 ) [ B T S I
WAL G 25, EH FUER X RE E SR T SR A
R, L B fr alaa AT AR A B SO IO R AR A
WP, 2w M RIS X R GE 15172805
SRR o PR R L T G5 A S e R R
7 B ) 5 O P 3 I8 114D g — i SR g 3 e P s A
ep I 300 72 i S A s 1 55 0 S Fh DAL TR DB A A
SRIMTATERPA TG T 8051 I fEL 0 S A5t A2, R AR
TRGERCEME™ o SCHR[ 197 38 H 5 T ik A s
TSR 75 55 L T A e H— e R R A T
BRI ANEIRE S AL, B A BT RE T L F LAY
K BTRETE IT P >R FH 22 396 78 8 JF IR =0, T B R
SUBF R B AR e 45 SR W, 7 2 AR A8 0T W R 4
MRS B 21 :2024-09-02 ;45 1) B 1 :2024-11-25
A2 A BEAAMAFELTHA A (52377101)

FLALE B A R LR 3B

X E S :2096-3203(2025) 01-0009-11

HR U4 1A A
TEA

BR3P RO & S B0
TR PG, n] e 59 50 A i LA S v Y LT
AT ISR AM il o SCHR [ 20 42 H — Bl 2% T ik
0 4G A ) SIS, 3 A A D IR 0 R B S R e
A e BT B IR AT A, S T SR 00 3 S22 A A 0 2
SWIMARGRA G . SCHR[ 21-23 | it I R
UL B L ) L S 454 592 B e O 1B R DL BELA7C ,
WS G BEGURFE I 098 D , (5L ik SR g 24 R 2% 1 5
L F7 SR B A SR SCik [ 24 ] 82— Bh kot
RTINS P 247 R A W BEL 2 5 12, DR 45 5 B e e S B
TS A BEAT R 9, DT[] B 400 1 5 S 0 I B o A 2%
5L (6] R I IR o AR e B BT B AT
A 3072 st 1 IR0 2 4 SR S, o0 K 38 5+ IR 2 3 5
USIDER/ S

B Bl A0 I M R G B R s A 2
ZRIE . SCHRL25 ] a2 334 4% 11 (point of common
coupling, PCC) SR JH 1K H 77 L 122 4 45 11 D B 2
E T UL AU B R R . SR 26 1A
UL iz T 2 W EdeF B R g, (B I e
v READHEL BELAELR P B4 4 7 o, IR e 22 . 3
R 27-28 | it — 20 3 DL BELAEL F R 19 73k, DO
P ri s O O 2 5 A I R R A TR
i FL BRI BHJE 300 g A0 e 9 [ 345 i, 91 24 3 ]
79 600 Hz F| 3 kHz, Xf {450 57 8 5 40 4 BE 1 A
A, BRI A 0 2 R A
HOA IR RIS 7 J0 % v B A DL R 0BT . Sk
[ 33 ] 52 - KA PR BH J& 45 25 & H 90 30 A 45 S 44 5

SEBURRE BRI BR80T £



2 HEHEAR 10

B S IS I E R ST U 14 [ B 4 ], (R AT o
5 FEAT IR BHLJE % P U B % 8 4 R OGS 2 400 L BEL Y
FHIERCR o Z3 BRIk, 55 B R 00 T 1 2300 28 4
W PR A P T AU A Rt — 2B

SCHRT 55 F P R ) P IR AR T R 2 0 AR
TR IE AR I A TS, B e, L B
i AR GUAF ORI 3o 55 P IO - 19 R AL D D5 A
TEIRALELE T o0 Ao LU, 42 10 —Fh 2 128 4 5 F M)
ZA G BHATC SRR 00 S SR, 2 T O P R
W, 76 HARYE A # h 51 AU T 90, 52 BL T 598 I
A, 3 A A IR RS AR I R . SO
SRR ] A5 25 ] 22 305 A% g I ) AR G A 55 L I 5
BELYTTE B AL T B Ik , TR] IR R SR8 S5 308 i 40 7 2
Ho B, B AT ERAIE T30 B R S 1
AR

1 HARAZEERERETS5ERNIE

1.1 ZHEERFMRFETEER
LCL = AR I3 28 2 45 W 7 7 DL 102 i Ag
ok HT oB Aeds 22T IE5Z K 98 I8 i ( sinusoidal pulse
width modulation , SPWM ) £ & & i #f1#4 ( phase lock-
ed loop, PLL) #51h| J5 ¥k . Horpr, U, W E WML IE 5
I AR i SR 0 Jy v X | Hs AR AL
s Hy AR R Ly o LCL JE P 0%
AU HL s L, Sy N R C OB FL T 5w, tp
3 L L A PCC L 5 i, SR L, i
HL LR H, SO I H 3 S 5t R G G(s) S HELL
TR I FhL I ) i 1 32k pRI S, HE IR =00
Kws
G(s)=K, +

E SEE— 1
57+ 208 + wp (0

A K, oK 29 D v B R i 4 LU R A
WIRAREG o WEUEIR; 0 HEB AR,

A o ;
t,__c = P

E1 FRET[RERTE
Fig.1 Structure diagram of grid-connected inverter
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Fig.2 Equivalent control block diagram of inverter
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Fig.3 Equivalent Norton model of
grid-connected single inverter system
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Fig.4 Equivalent Norton model of
multi-inverter parallel system
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Fig.5 Control block diagram of grid voltage feedforward
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Fig.6 Schematic of equivalent virtual admittance
of grid voltage feedforward
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Fig.7 Bode diagram of inverter output admittance
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Fig.8 The system equivalent model of target
inverter with the feedforward technique
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Fig.9 The system equivalent model after
applying the virtual admittance
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Fig.10 Control block diagram of the target
inverter with the feedforward technique
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Fig.12 Structure of active damper
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Fig.13 Control block diagram of active damper
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Table 2 Parameters of active damper
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Fig.17 Grid-connected voltage and current waveforms
of inverter before adopting improved strategy
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Time-varying harmonic impedance estimation based on

locally-geographically weighted regression
XU Fangwei' , XIE Pei’ang', WANG Chuan', LIU Kai', GUO Kai', FAN Lijuan’
(1. College of Electrical Engineering, Sichuan University , Chengdu 610065, China;
2. China Southern Power Grid Research Institute Co.,Ltd., Guangzhou 510080, China)

Abstract: In existing estimation methods for utility harmonic impedance, it is commonly assumed that the harmonic impedance
remains invariant, which often diverges from actual conditions. In practice,both the utility harmonic impedance and background
harmonics typically time-varying with operating conditions. For the time interval between two sample points, large numerical
value probably gives rise to more conspicuous difference between the impedance and the background harmonics at the
corresponding time. Based upon the information of the sample points with a far gap, it is difficult to estimate the impedance
value of the sample points of concern. As a consequence, a brand new time-varying utility harmonic impedance estimation
method is put forward based on locally-geographically weighted regression. Firstly,a weight matrix is constructed based on time
interval , assigning smaller weights to sample points with larger intervals from the points of interest. Locally weighted regression
(LWR) is then applied to initially estimate the utility harmonic impedance and background harmonic reference values.
Secondly, the impedance reference value is used to modify the regression equation to reduce the under determination of the
original regression equation. To screen out the sample points that are similar to the background harmonics of the sample points
of concern,the background harmonic reference value is simultaneously utilized as the prior information. On the basis of the
screened samples, the background harmonic voltage and the utility harmonic impedance at each point are coped well with by
geographically weighted regression (GWR). Under strong background harmonic fluctuations, the recommended method can not
only identify abrupt changes in impedance ,but also estimate the trend of utility harmonic impedance. Lastly,simulation and case
studies demonstrate that the proposed method improves estimation accuracy by approximately 40% compared to traditional
constant harmonic impedance estimation methods,and by around 30% compared to existing time-varying impedance estimation
methods.

Keywords : harmonic impedance; background harmonic; impedance variation; weight matrix; locally weighted regression

(LWR) ;geographically weighted regression (GWR)
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Resonant suppression strategy of impedance remodeling for

multi-inverter grid-connected system in weak grid
ZHANG Shicong, XU Yonghai, TAO Shun, YU Yongyue, ZHANG Zhi
(School of Electrical and Electronic Engineering,North China Electric Power University, Beijing 102206, China)

Abstract:In weak grid, a multi-inverter grid-connected system may be simultaneously affected by large grid impedance and
background harmonics. The interaction between inverter and grid is enhanced by the large grid impedance, resulting in
resonance problems. Furthermore,the grid-connected voltage and current waveforms are distorted by the background harmonics,
which makes the system unable to meet the grid-connected requirements. In view of this, firstly ,an impedance model for multi-
inverter grid-connected system is established, and the mechanism behind waveform distortion and resonance in weak grid is
clarified. Subsequently,a control strategy combining improved grid voltage feedforward with parallel adaptive active damping is
proposed. The improved grid voltage feedforward is used to reshape the impedance of the multi-inverter grid-connected system in
order to mitigate background harmonics effects, while the active damper is employed to synthesize virtual resistance for
suppressing system-grid resonance. When there are changes in working conditions of the system, the damping effect can be
further improved by adaptively adjusting virtual resistance values through compensation. Simulation results show that background
harmonics and resonance problems can be effectively suppressed by the proposed strategy,and the adaptability of multi-inverter
grid-connected systems in weak grid is enhanced.
Keywords : weak grid; background harmonic ; grid-connected inverter; grid voltage feedforward ; impedance reshaping; active

damper
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