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Fig.1 Control block diagram of grid-connected inverter system integrated with active damper function
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Fig.2 «-axis impedance model of typical port at PCC

of inverter integrated with active damper function
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Virtual resistance compensation control method for grid-connected
inverter integrated with active damper function
SHI Mingming',JJANG Yunlong',SHI Hongfei*,JJANG Tianrun’,ZHU Mingzhe’,GE Le’

(1. Electric Power Research Institute of State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 211103, China;
2. School of Electric Power Engineering,Nanjing Institute of Technology,Nanjing 211167, China)

Abstract: The active damper improves the stability of the inverter connected to the weak grid by construc-
ting the virtual resistance, but the accuracy of virtual resistance is limited by the switching frequency, the
active damper function is difficult to be integrated into the conventional grid-connected inverters,so a com-
pensation control method of virtual resistance is proposed. An impedance model of grid-connected inverter
integrated with active damper function is established, and the effect of virtual resistance in enhancing sys-
tem stability is analyzed. The influence of control bandwidth and digital delay on the accuracy of virtual
resistance is clarified, aiming at the resonant frequency band where the grid-connected inverter easily gene-
rates resonant stability problems,a new virtual resistance compensation block is designed, which significantly
improves the compensation accuracy of virtual resistance. The system impedance stability analysis shows
that the virtual impedance achieved by the proposed method has good resistive characteristics. The experi-
mental results show that the grid-connected inverter integrated with active damper function has good dam-
ping resonant effect,significantly improving the system stability.

Key words:active damper;grid-connected inverter;weak grid;stability;virtual resistance
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Table A2 Parameters of Inverter A
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Table A3 Parameters of Inverter B
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Fig.Al Mathematical Model of Grid-connected Inverter integrated with active damper function under af frame



G, ()G, (s)
S3L:lBLZBCB +SZL2BCBKCGde (S)+S(LlB + LZB)
Z, (s)= s3L1E; LgCs + s? LG:CB K.Gg (s) +s ( L+ Lo ) + Gy, (S)Gpr (s)
- s?L,sCq +SCzK .G, (5) +1
80r 80-

Ts(s) = (A1)

(A2)

‘ = ‘ ‘
10' 10° gigm 10° 10* 10° 0% ysmg 10° 10*
A2 RS AIRERIEE A3 %R B IFEEIGEE
Fig. A2 Inverter A loop gain Fig. A3 Inverter B loop gain
g P9

i 0
@ R 2 s
o o
= A E .10
-15
0
0
~ 0 -
g 2%
+< juang
<60
[ 90 ‘ ‘ ‘
180y 10° gz 10° 10°* 10 102 Hi/MHz 10° 10*
f;=50kHz f;=20kHz
E A4 HRITH FIMAE & A5 R [E]SRAESIER TR E R A5 fRER
Fig.A4 Bode diagram of current control open loop Fig. A5 Bode diagram of approximate delay link at different
sampling frequencies
G ()= S hinkesCo +5°LouCoKGua () +5(Lip + o) G ()G () _1 A3)

Gpr (S)GNA (S) Gde (S)



75t @ gyl /
m 580 —
= 2 i
0 [ ~ -
& g0
-75¢t —
150 .
30 o 90
0 ~
= -135} 2 60
= 180} = ol :‘
-225; \
0 1 L I n|
-270, : w 0 1 2 3 4
10 102 10° 10° 10° 10 10 1Fﬁ>1<0 10 10
B /Hz B [Hz
— L CLMR 5 Lo+Lo A — S JEFAHGI —— FOHJS I #EARGI
A6 ZRSEE A S ERHIRIE RS B K AR AUSI R4 A7 HETTs. JEEE Gl REEMUERNAER
Fig. A6 Frequency characteristics of inverter B filter before and after ~ Fig.A7 Bode diagram of differential link, non-ideal GI and its
ignoring capacitor branch discretization results
w’ ZGZEIIZIIEDE 1409:16. z\a‘ug; id:,:wllm‘oﬁ
T T —
T H Main 2175 k H 20ms/div

FLALE-61830

[l o E
‘/ A —~ —

=
=
>
o
A S L O A S o A o S
— . : t:20ms/div
E A8 XWFE B A9 SRER T I RS A FMER. PCC mBESLLKN
Fig.A8 Experimental platform Fig. A9 Experimental waveforms of grid-connected current and
PCC voltage of inverter A under stiff grid
& 2022/12/02 140425 Normal Edge CHI 200 A YOKOGANA 4 2022/11/29 20563:12 Mormal Edge CHI £ 18.4 A
625KS/¢ Auto Tslopped &1 620kS /! Auto
D 20.0 A U A o 200 K] 1.0 Agvds
r iA_ga iAJb iAJC Haln + 125 & : 2w/

A . E Mo < 15 k 20ms/dy |
Ig_ga IBgb B gc A - 5

iB_ga,b,c:ZOA/div

Upec_a:250V/div
Upce_a:250V/div

t:20ms/div . t:20ms/div
AL0 SEEEM T £ RS B HMER, PCC mEESSWIRK All SRR TSRS A FH MR, PCC mEESLHIR
Fig. A10 Experimental waveforms of grid-connected current and PCC  Fig. A1l Experimental waveforms of grid-connected current and
voltage of inverter B under stiff grid PCC voltage of inverter A under weak grid



Edge CH1 1. 18.4 A
Auto

iggga,b,c:ZOA/div

iB_ga I8 gb 1B gc

5 5 % " "
§ i b e i i 4 & =
."‘,‘ 31 i N bk K1 "5 o

Upec_a:250V/div

t:20ms/div

A12 SR TR RR B FMEMR. PCC mel E LR
Fig.Al12 Experimental waveforms of grid-connected current and PCC

voltage of inverter B under weak grid

OKOGAWA 4 2022/11/29 21:18:41 Edge CHI . 18.4 A
i.mﬁl 32 Auto

. AOX
Inga 1agp 1A gc

Upoe +:250V/div

W i hy i W

t:20ms/div

g-
5 FL I
AMERTI A EEA
S 6F THD=12.40%
3
4
pu
E 3 |
0 M 1T . lllllIIlIII -Ill-.-
of
BERENC
AMEATIEAS 2B
 6f THD=11.77%
X
0
a
E 3p | ‘
0 Y S 1 111111 Y
0 200 400 600 800 1000 1200 1400 1600 1800 2000

B IHZ
Al13 SRR T T 3R H B R A FFT 247
Fig.Al13 FFT analysis of grid-connected current of inverter
under weak grid

M’ 2022/12/05 20:4325 Normal Edge CH1 £20.0 A
oview 109 625kS/: futo

Upee_a:250V/div

H
A d L 4
i

 t20ms/div

& A4 S5 TSR A SCHR[19]4ME /5 A 3R 88 A FRIEER. PCC [ A5 SSEEPN TSR A SCHR[19]4ME T A H TR 8. B HMEA .

RO E SRR
Fig.Al4 Experimental waveforms of grid-connected current and PCC
voltage of inverter A under weak grid using compensation method
proposed in reference [19]

PCC mERESEIIR
Fig.Al5 Experimental waveforms of grid-connected current and
PCC voltage of inverter B under weak grid using compensation
method proposed in reference [19]

|‘Illl|.l.l.L

40
55 B IO SR FH SCTR[L9) # M 7 72
< 30f WA EA
3 THD=49.24%
i
= 20F
fuu
:‘:(EE_
10F
ob—= |I|I.u.l.-llll|l|_|_|_.llll
40F
555 HL I SR B SCHR[L9]# M2 7
< 3 WAEB
EY, THD=46.91%
i 50l
= 20
LDEEE
10F

0—F% 200 400 600

800 1000 1200 1400 1600 1800 2000

B IHz
AL6 55F [T SR A SCRK[19]4ME 75 A 2L 23 H M B A FFT 5347
Fig.A16 FFT analysis of grid-connected current of inverter under weak grid using
compensation method proposed in reference [19]



= AL BEFRE
Table A4 Parameter comment table

28 R 2 TR

Ca WA A PR ALK K BUHIER PI 21 380 R %K
Ce WA B Ik Q YIS

fo AR A SREESER Ry AL HLFR

fa WA B RREIR Sa WA A B

fs WA B LA Se WAES B A E

f, ZS e Te WAE RS B SRREN ]
i_ap R B LR Vie B

ic_ap HL Y LIRS Vien oLV I B

et _ap I PR v, U5 LI HL TR A 20

i _ap Ik L A Vi o L

" IR RS H Voceh _ap WA B HARER
e _ap AR B R AR v, o o
a5 gae WA AIB IR a, b, ¢ ML Zona a BRI A K T
Upee o PCC a M HLE Zes_a o B R AR RS B R AGT BB
K. HL A LR 3 R L A o il FiAEAS B RERIB ST
K, PR J21] 2 bl ] 5 Z, L A BEL A

K, PR #% il 88835 R o, AR G Bk AR
Kewm SVPWM 1 il 8% 1 32 B 4 o AEFRAR GI I3 KCHE B a5 Ak 1y AR
k

BRI PI £ 25 Lu i) £ 4 @, B SRS




Bts% B R EME BEN BT ERM ST
(KB IBB 2% Cere (9) :

RS JE I 22 Gon (S) SN 7 JERR H ARIEAR 20 B P (KB A0 8, SR BEsh AT LA/ B L 1948, B0 A4 1
I Vi B Gl (S) — A — WM B IR IA YT, HFik N

G (S)_;
e TSI @rf ) +1

Horh fooe NEEITR, T BECRUEA ROERR BB 7 &, SURFERUR KM RLEE, 4 fLee BT A B
%, B f =f, =50Hz ,

R PR VB R Vi

A VRBE B A R & U Y R 0L F PELAEL AE S G AUBE)E PCC HLE BT R G A AR 1T 51N I 1R 43
&, (HRMELLgE— B4 PCCr b T L L 5 SR 51 ARSI B . Bk, A T b
PI #2141 25 Gra (5) STt AN, B4f PCC A R IR BRI Vi 16 5 T R GUARE I Vieon AR ME, ARHE 1EEE
Std. 519-2014 FRAERIE R, 24 PCC HLE FIAUE MK T 1KV I, He S8 i ok 205 B 7 24 (R R 7 8% LA py P,
% L& B [ 0k 2 G () FEARHN Vieon I L JERR T PCC AL o E TR VI I 20 B, 38 ] LUKS Vi BETHES
BN, RSOV, =19V, oV, g e ) e R AU

Pl #EHIBS LB R H Kor BETHRE:

MRGHRER, BT Voon Vim» PHEEHIES Gra(5) M L/ R MRFFH 0, BIR, BHK: Mi—HRGEA
Fo 58 T 5 B Voo BB Viim > HEBER Gia (8) 7E I (0] Py alidids 1/ R, A BB — N 288 KIME, KA RGN
TEIRIRALFELJE ) T Gra (S) PRI 1) B 25 0 5 3= A b LG TR R ALK o HH 1 T 15 Gra (S) HEL B R EL K e Ty

__UR,,
" Vs Viim

Horr, LR 2 24 Voo B LT+ 21 Voeen o IS BITHI R 1) G () LLBIIURIAT H o AR SCEESR Vien , =109%V, i
H1UR,,=01S, AR (B2)KE K ~2x107",

P #3384 R ¥ K RIHRAE:

TE P1EHI A Gea (S) TSI NFRF T H )2 LB T80 ZIRER, PRAEASS AT Voo ™Vim » B IF AT 2
AR AL o A T IS IBOK Voo I EN 3 8 P BUL R, RALIES,  Gra(S) IEEHTAR T iz
1T RGPl A BRI IRM R . B4, AT h T A ORRIBA S R %

Kir =27 f oK g (B3)
By f e =20Hz /AL A3 (B3)15 5 Kir <0.03,

(BL)

(B2)



