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Modeling and characteristic analysis of sequential impedance of three-phase off-grid
inverter under unbalanced load

LUO Jian', ZHANG Hanyu”, ZHANG Song', WU Wenhua', OUYANG Honglin', CHEN Yandong'
(1. National Electric Energy Conversion and Control Engineering Technology Research Center (Hunan University),
Changsha 410082, China; 2. School of Electrical Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: In order to analyze and improve the voltage asymmetry problem clearly and intuitively, this paper adopts a
harmonic linearization method from the order impedance angle to establish a three-phase off-grid inverter with
unbalanced load and phase separation voltage control mode under unbalanced load. The positive and negative sequence
impedance models are compared and analyzed under different PI control parameters and different operating conditions.
The analysis shows that the PI control parameters have a great influence on the positive and negative sequence impedance
characteristics, and the impact of the operating conditions is small. Then, under three different operating conditions, the
single-sequence dg control mode and the non-positive-negative-sequence separation voltage control mode are simulated
and compared. The obtained sequence impedance characteristic curve and output waveform show that when the
single-sequence dq voltage control mode is adopted, the output voltage amplitude of the off-grid inverter is unbalanced.
When the positive and negative sequence separation voltage control mode is adopted, since the negative-sequence
equivalent output impedance of the three-phase off-grid inverter is small at the fundamental frequency, the voltage drop
caused by the negative sequence current flowing through the balanced load is also small. The output voltage amplitude of
the inverter is basically balanced. Finally, the simulation verifies the effectiveness of the sequence impedance model
without positive and negative sequence separation voltage control mode.
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MBI B S TP K PP HI8AE 5 bR N Geg»
NI IE > B SRR AR L EARRR AR T (A8 PR E G Tl

Gy =k +—N @
Ja)_Ja)o

B0 s 45 1l S B AR E D AR bR R T IR AR pR
B Gy

k.

— 3
Jo+ ),

I £,=0.001, k=50, w, 4 100 7, £33 1E/FH
42 1 S i AR 7P L P A2 o S B RO R AT A e
Ll 2 Fios. B 2 AN, IR R R PR S R A
P LS A3 S 53 ol £ 1 BV AR AL A A P ik
B R A T IT K 2, TAE AR AL 1 2

Gy =k +

p



B iz, 45

ANV A BT — A P AR R 1) P LU Rk 20 B - 35 -

B, TR, IR i AR SR B HL R 2 52
HE TR A BN S IR IR e BN
REATASL R, SEIAN R ] H AR

A IR IR s @it @ip FH @i 2301 A I LR
RSN AR SR 51 40 FLRE e R AR #1522
ARG AR, B v ML i, AOAHSK

50
m
z
@ O
=
-50 . - ‘ s ‘ s -
~400-300 -200 -100 0 100 200 300 400
f/Hz
100
50t
& Gr
£ 0 /
=
= 50t
— 00 n n n 1 n n
~400-300 -200 -100 0 100 200 300 400
fHz
(a) 1F 13t s 42 ST S 3 0 A AT R P o 2
50 : ; ,
m Gx
=
0 /
1=

,50 1 I I I 1 1 L
—-400-300 -200 -100 O 100 200 300 400
JHz
100
50t

Gx

(@)

U3 /
0 n n : h
-400-300 -200 -100 O
fHz
(b) S5 Hht H 32 1 S (DR AH A3 3 o 2 1t 2
2 IE 1P B IR 45 S R B MR AR S R 4 1 dh 2%

Fig. 2 Amplitude-phase frequency characteristic curves of

|
W
[ =)

100 200 300 400

positive and negative sequence voltage control branches

2 ZHEBEMBETRMEFERERSHE
AT
2.1 =B M T 254 h PR AR
ASCR A T, T = A R
AR SUFRH PR . IR E .
Fe/ME S shE, WA A A A s AR A
v, () =V, cos(2nf;t)+V, cos(2nfpt +o, ) +

4
V, cos(2nf,t +¢,,) )
i, (t)=1,cos(2nfit + ¢, ) + 1 COS(27Tfpt +9, ) + 5)
I, cos(2nf,t +¢,,)

K Vi Vo iV, 23 5 B s L TRl s
AGFRBISIIBEAE:  fiv S A £ 350 A B0
BRI RGP s oy AT gy, 7351
HNIEFRS B AR i IR s s I
GAL A I /SE =) 22N NS 7 e L b L L IV IV 7

Voo f=2s,

1= f=21, (6)
v, f=tf,
I r=2f

Lls1=yg S=4, ™
I f=%/,

Xrhe K =V,/2:V, =(V, [2)e ™V, =(V,[2)e"

L=(1,/2)e s 1, =(1,/2)e ™ 1, =(1,/2)e" .
ARG =ANFRIN, WG af AR AR T —A0E

PO T A 4 ) i b i L R L s L AL R AR R Tk

oo f=%
AR AN
Vi  f=%1 ®
iV =%
v [f1=950V,  f==1,
iV, =41,
I, S=%/
iW[f1=98,  f=%],
I, =%/, )
i, f=%f
ip[f]=13il, [=2f,
il f=%/,

AR : af AFRER T A B M AR
S s L AT E S E, M E, . D,
R 2 RIE N

{)];r:l D+ |:E:t _va:l (10)
+ =4y *
4 LEs Vs

(1)

<
I
g
=
+
>



-36- @A &R B R

Kb Yy Y 535000 o A bR 1 s As 2 i e
FE v Bl vy I AR A5 E, RUE,, . D, #iHil)5
() d AEAREIR g A bR%H 1R FEL S o

B OMRADAG: Y MY 2e5d Pz g
D, A3 2k U

+ = Uy +
Y, jR?
~GyV, f=%f
K; = _GPVp f:ifp
-GV, =
iJGle f:ifl
Yg =111GV, f=%f,
GV, =2,

X YRy, 5350k dg Mebrh bt 2RI IE Y
HUS S D, JE K d ARAsAIA g Al sl L i L
Gp N PLIEHISRAE NGRS dg AR I Py i s o 52
R (1) SRR AR

HIA@MAA) AT, ¥ A, 5 v, A v i
WA -G T, XN Gp 4y PI %
IS AL R E, U5 A IIAIR A5 5 0™ A1),
Jit LA UG AU HE B Dy, R D, IR 1. BEAT
D, IR H B0 TSR v M v 23 apldg
A S5 AR B I A, AT 7820 A P 48 1 o E
ZEPE o

B 1 R, Yy Ry, 2l T HUER A A PR L
Bl I B (KA ap/abe AEFRAR I 5 159 21 1E 752 i L

B IE T s v sy MLy o Horb ) RIE 0N
~G KV, f=%4
s, [f1=1-GKiV, [ =%f, (14)
~G, KV, f=%],

H (ORI (14) AT : 57 Fl vy, IR IA S
L 75-G, FITHLIE L A B LU 9192 148 30 2 K 1) Tfe
ot Brlgn, #EEE D, FID, RN 1, BTt
B abe/oyf AL KRAR H R BE AN of/abe AL bR AR R 4 1) 26
By 1.

[l L RTAS, o AAFRZR T = A 12 009 10 AR 25 i
g B 2 AR 2155 0 1 0. D, #5ifil. PI 4%
IR D, 2R 1 2R Rk Ak

-G f=1h
Y, =GV, [f=%f,

GV, f=t

TGV, f =%/
Y, =1jGJV, f=%f,

HIE 1 AT,y fy, 200 7 RUBRIR N R LE
Bl B (K R af/abe ALFRAR I f5 19 30 6732 i 1
PR S S s, « s, Fls, o s, FIRIEAN

-G\K W, f=%/,
s, [f]1=1-G\KV, f=%f, (16)
_GNKan f:ifn

R DO T A S ) P DR B L R

FIyEB: A R R RIA AN
i, =i, +C(dv, /dt) (17)

A by, D8 B R IR dras o R i
25k abe/ap AL, HUBHEL NI LU SRS Ke R
oflabe AR J5 19 B RAE RS R R EIE S
Sa0~ Sbo A Scos /H:rh S0 E‘J?@iiﬁﬂﬂ

(I, +CsV))K, [f=%f,
so=1-(1, +CsV)K, [ =%, (18)

~(1,+CsV,)K, [ =%/,

JIT UL H 2 AR 23 B A A T IS S R
PRSI A7 R S BRI SRR LR S i = 4 S i S
i, Bk A ARG HIE 5 s A K X
(14). KA6)F(18)%H

[-G,(9)G,V, =G, (5)Gy %
V,-G(s)I, +CsUIK, [ =%,
m[/]= [G,(5)G,V, - G, ()G %
V.-G (s)I,+CsUIK, f=%],
K Gyls)s Gils) 7l 0y v R FI LIRS 5 KA A
PWM IR A3 pR K. 730k

(19)

- 1
G (s)=e"" ——— 20
(s) sT, l+s/o, (20)
-’ 1
G (s)=e"" —— 21
(s sT, l1+s/o, @l

AP AT, AR B AR Gy s
HL S M HLE HL UL 0 5C ZR 3

d iLa ma vsa
LE iLb = mb Km Vdc - vsb (22)
iLc mc vsc



B iz, 45

ANV A BT — A P AR R 1) P LU Rk 20 B

- 37 -

X, Ko HIARERIE R
H2(17)s AR Q2) 321 E S PRHTRIE .
Z(s)=Z,(s)=[G,(s) KKV, +sLIx[s’LC +1+
(G, +Gy +sC)G, (s)K KV, T
2.2 =B M R R A
h T IR A B A s BRI R 52

W (R 2 , A1 H Matlab 17 BT & #4856 = AH B M
AR SRR, AR BRBIE A S0 KVA, IR N
10 kHz, KM LC J&k %, HARGSHwmE 1

7o 3y 4 p R R TG IE G g3 A
BEURANA] PL S48 MANRIEEAT 00 = AH 25
WA g P TR . B, R SRR 3 (23)
PRt SO BTSSR, 20t AR 2K (23)
Is e Ve SRR IS B S b N SR AV 21 EE A IE S
X—HF, BTEICH TAEEDIE, B R e BT
LA RNE P BT 4 R

x 1 ZHBEMETRNRESHFITHSE

Table 1 System parameters and control parameters of

three-phase off-grid inverter
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Fig. 3 Positive and negative sequence output impedance characteristics of three-phase off-grid inverter under different

PI parameters and its measurement simulation results



_38.- LY SRR
c B - -
= o g gl MAREE
201!! 106 IU(HJ IUUUO 2[]I[} wU,(H 000 10000
200 S . = 300 ———
8 S oo i st ] e m_.4|
4= ~| e ) Ot—“ &
:.-_.-_‘ o f___"’:‘ - 10[} e E Im 'T,A-A-: ------ e
10 {{1] 1000 10000 10 100 1000 10000 10 100 1000 10000
fHz [fHz SfHz
mt‘ i {"‘J"; M s 300 b 20 ,I""'nt"l" P ﬂq—?or—h%
].. T 200 1| "(u.'n'Ji I} 1
> At mo Y =
£ 0 II|I |I If ]II||| ||'\::h T I ' f lll | ( Y |l. | [l =
-100 {1 {11 {1 (1] -mo I. ! |
-200 '|" '|1 1F" o wm w -2 | 'l "| | s u
300} T I T R —2{]0[ l-' VWUMVLVIDY 'U'u' 'J-.' VI
020 025 (.30 035 040 020 025 030 035 040 020 023 (.30 035 040
s g=053% s £=036% I's £,71.60%
20 kW 30 kW 0 KW

Z=100 7700 72210)

(Z=50, 2=5Q. Z=150Q)

(=30, 230, 7790

B4 FRSITIAFGTZHEENEERMESFRLBERFERENERES

Fig. 4 Positive and negative sequence output impedance characteristics of three-phase off-grid inverter under different

operating conditions and its measurement simulation results

PRSI T M PR 10 = A7
30 B S A 0 LAV 6, o AR 91
HARIE, AR AR A B L PR A
T,
SHBI E EAEDHR F A LR 5 1
50 ' :

WELA(®)

— IR

- LR

A /dB

100

200
10

10° 10 10°

fHz
(a) WL P de 5 E T E SRR B TR P 2k

(%)

200
100

fifir/dB

~100F
-200

10! 10 10° 10°

JHz
(b) JC I S A R T 0 A0 G P R o 2
5 AT T FRE L
Fig. 5 Sequence impedance characteristic curves

in two control modes

¥ dg ¥ TIFITGIE 57U 43 4 5 10 R 3 1R BELA
FEMERNZRAS, YO UFBASTH 10 dB B#%2-20 dB
PUR, FERMEIR(EAAR /D, IEFBHSTH-50 dB 4%
h=20 dB, ZRPEIEEHARIIR N,

1) AR ATIR(Z=5 Q. Z=5 Q. Z=15 Q)
I, AN 3 E (B 6).

2) “HAEANIR(Z=5 Q. Z=9 Q. Z=15 Q)
I, AR R 7).

3) —HIX R (Z.=5 Q, Z,=5 Q, Z=5 Q)H:rh
A C WiAHEERZ 9 Q FIBHEE, ARRAEH772:(8 8).

'V

0.25

!V

UU (AVAY UU UU U

0.35

025

0.20 0. 30 0.40

t's £,70.25%
(b) EIEF 4 B LIRS R a2z gt v s

6 AFpIEHIE T RS M ARt L E
Fig. 6 Off-grid inverter output voltage in two control modes



B iz, 45

ANV A BT — A P AR R 1) P LU Rk 20 B

-39 -

400

T g e

WE

LA

=]
B ]
=

20

'V
[ D
—
%Tﬁﬁ
a.:*
-
c__

_20 FJ 2 _K n‘)\.‘ Ban 0w -
VYUV YUY Y
-400 s : s
020 0.25 030 035 0.40
i's £-3.53%
a) BT dg B R FE T ReiE J},'E*iﬁi‘ B e
s nh He I
: "‘. f
200 m \ | 'ﬂ' ﬂ -
> mg Ilflﬁjl'j'lllllll ‘
oof )\Nl NHINININ
-200 fAk) [ o e e
300{ U’ V J "J'II ATRVAVAVAVAVAVATAY: Uq
0.20 025 030 035 0.40
v's £-021%

(b) FEIE G4 5 ] i S et
B 7 AmitEhEX TR B MR i

Fig. 7 Off-grid inverter output voltage in two control modes

400

200 [\{1 ‘rﬁ]f'r:‘:l qi”" ﬂ/“‘ a’"‘ ﬂ.ﬂ I :
WMM” ’ ~
WHHE "L el ll
200 lJﬂ \}Uf \ Ilulll '| G36 Gar G3a B3

—40)

'V

Viivwyvvwywvyvwvyw

0.20 0.25 0.30 0.35 0.40
t's £,73.24%

() 17 dg FUFRFS ) T 00 A8 Bt LU
300 ’(H, [ (n’u : T
o ﬁ< A AR
1004 | 1 XH ‘ ‘
L
-100 H!J \ \ H
\

20 WY U Vv Wy uq

300
0.20 025 0.30 0.35 0.40
's £,-0.14%

(b)) 2 IE 5 43 B R ) T A AR 3 e L AL T
B 8 Mz HIE TR B WS LR B E
Fig. 8 Off-grid inverter output voltage in two control modes

M 6—& 8 nIjH, WIAHSEAKIFRN, —AH
20 D T A 2% 1 A o R R A AN T S R R dg
R 7.46%7% 24 T 1F 473 0 35 HL R 28 46 R 1)
0.25%; —AHGEASERES, H 3.53%% 0.27%; —
FIRFRA T, Z=5 Q. Z=5Q. Z=5Q, H¥ A. C
PAHEEZ 9 Q HLFHI, £ 5.24%%] 0.14%. 0.25%-
0.27%- 0.14%34555 1 B PR T2 2 Pt iU
NARGE =IHEIEATHE 2%, 1 W AE 2 fa e
BT MNMTEGUE T Jo1E 47 70 3 s s das il i X
PP A RPE . &5 K 5 T Lo i : TEIE R
JPor B RS IR, A B I AR 35 (1) S5

i,/

J BHBTAE ST /N, AN S8 = AR 1 )P L
i, AR ERAR AN, B CART DA = A
T AR 1 R AR AT

4 g

—AHE M AR, Sy R A A AN AT |
L R AT 1) . Ik, O T A A H A
ST ), A SO T A B IS AR SR IE . U
BHAGTREIY, M BELAL 1) £ 37 b EDWL B 2> A7 T AN
M A T AR B I B PURE P, HAEAR SR AR
RS L, R OA I — P AR 8 R
il S TﬁﬁﬁﬁﬁﬁﬁE% IR . AR
W hE, 1328 4518

u%%ﬁﬁﬁ%ﬁ%%ﬁ@zmﬁﬁﬁﬁﬁ
AN[E],  ASSCTHE = AH B W AR SR EON T BN, Al
3% H FHB TR AN SZ 38 AT T 0L 52 5

2) AL BT S AN A A T S B R AN
S, 5 L R AME T AR, AR SO
Th%ﬁ&ﬁ AH S W30 38 0 S U A U7
FHPTAEIEB AN T BN, ATAFAS P4 7 0 ™
AL AR H L A3 B A AR B AR A IE . U R
PO = A [P R B BN, TR B A R4 i o
LR AR P25 5

3) R Ay sk 2 119 1 A7 T 2 AV A AR 480K i i 4
AR IS S, 7 HE s AR (R 0L 0 T i A
br R AR, Tﬁﬁmﬁﬁﬁéﬁﬁ,ﬁTuﬁf
il s S AR, ] DAR K H R AL 2R

Rty AR

Sk

[1] GUO W, MU L. Control principles of micro-source
inverters used in microgrid[J]. Protection and Control of
Modern Power Systems, 2016, 1(1): 56-62. DOI:
10.1186/s41601-016-0019-8.

[2] HAIDER S, LI G, WANG K. A dual control strategy for
power sharing improvement in islanded mode of AC
microgrid[J]. Protection and Control of Modern Power
Systems, 2018, 3(2): 111-118. DOI: 10.1186/s41601-
018-0084-2.

(31 Epul, w3, M8, 55, I T 2 0 5K
dﬂﬂ%mlﬁaﬁﬁzmz3mﬁ)28
WANG Chengshan, GAO Fei, LI Peng, et al. Control
strategy research on low voltage microgrid[J]. Proceedings
of'the CSEE, 2012, 32(25): 2-8.

(4] Ay, SofrRe. B 0 A s R AR R A% T e Rp 42
TISRMS[I]. B CHIAR 2R, 2012, 27(8): 93-100.
HUANG Xing, JIN Xinmin. A voltage and frequency
droop control method for microsources[J]. Transactions
of China Electrotechnical Society, 2012, 27(8): 93-100.

(6] T, TR s T I M Fi e o B s P2 g AT
D). Kb WK, 2015,

WANG Yichao. Research on parallel control strategy and

RIS AT 5E[T].



-~ 40 -

@A &R B R

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

power quality active control strategy of inverters in
microgrid[D]. Changsha: Hunan University, 2015.

B R, W, DR, S5 AP T IFECE IR
B A 2 R SR (3], b [ A L DR AR AR, 2008,
28(24): 64-69.

WEI Xueliang, DAI Ke, XIE Bin, et al. Control scheme
for three-phase three-wire shunt active power filter with
unbalanced loads[J]. Proceedings of the CSEE, 2008,
28(24): 64-69.

WRBLE, Yot skiinl, 4. AR A X R R
TEAR R FRALAR R T VA S S P R[], LD RS R
P51, 2018, 46(14): 57-62.

CHEN Qilei, FAN Xinrong, ZHANG Peichao, et al.
Flexible positive and negative sequence current control
strategy and equivalent sequence network model of
inverter interfaced distributed generation[J]. Power
System Protection and Control, 2018, 46(14): 57-62.
Aokan, T K. NAHT DSTATCOM [ faifi ik
JoAMESEE ], AR, 2012, 36(8): 106-110.

ZHU Yongqgiang, WANG Tengfei. A negative sequence
current preferred compensation strategy applied in
DSTATCOM][J]. Power System Technology, 2012, 36(8):
106-110.

JEERE, B, KA, S AT FOGL MM A1
TUBAME RIS I W ARG R Y 5], 2018,
46(21): 11-17.

ZHOU lJianping, WANG Tao, ZHANG Weizhou, et al.
Research on compensation strategy of unbalanced load of
microgrid based on FOGI[J]. Power System Protection
and Control, 2018, 46(21): 11-17.

Fofg, 2o, A, S G TAPE T
T 30 8 D SR B [J]. R R G A Bk, 2016,
40(20): 76-82.

WEI Zheng, RU Xingin, SHI Wei, et al. Control strategy
for microgrid inverter under unbalanced load conditions[J].
Automation of Electric Power Systems, 2016, 40(20): 76-82.
AR, W53, HORA. AT SO — R SN2 oh 4h
ZIRA]. ARG 12, 2015, 43(2): 126-132.

FU Jundong, YU Yong, HUANG Laifu. A more economical
compensation method for unbalanced load[J]. Power System
Protection and Control, 2015, 43(2): 126-132.

RN, A, TRAL, S AR DR AR A i b
ARWEF]. ARG, 2011, 39(24): 41-46.
GU Herong, WANG Deyu, SHEN Hong, et al. Research on
control scheme of three-phase four-leg inverter{J]. Power
System Protection and Control, 2011, 39(24): 41-46.

ARSI, MFRER, KRB, AT FUE LT T X
FP dq A bz Z XU R AR 4 i ) PH A2 RIS T]. o
HUBL AR 2741, 2006, 26(19) : 70-75.

DENG Wenlang, YANG Xinrong, ZHU Jianlin. Study of
closed loop control based on double synchronous rotating
frame for two-stage matrix converter under unbalanced
load[J]. Proceedings of the CSEE, 2006, 26(19): 70-75.
FAER], AP ZE, B, 5 AR IR A
PE XA ZERIRIE]. B ECR, 2013, 37(2): 398-404.
WANG Hengli, FU Lijun, XIAO Fei, et al. A double-loop
control strategy for three-phase inverter with unbalanced
load[J]. Power System Technology, 2013, 37(2): 398-404.
CESPEDES M, SUN J. Impedance modeling and
analysis of grid-connected voltage-source converters[J].

[16]

[17]

(18]

[19]

[20]

[21]

[22]

IEEE Transactions on Power Electronics, 2014, 29(3):
1254-1261.

XUBEAR, HAZE, Tk, S ERE R R ESTRE S R
R tEawnn. BMEIR, 2015, 39(12): 3463-3469.

LIU Xiaodong, HU Yong, FANG Wei, et al. Analysis of
node impedance characteristics and stability in DC
microgrids[J]. Power System Technology, 2015, 39(12):
3463-3469.

Wt n . U8 R HL AR G BT S S A 1k 23
[D]. UM #FLKA, 2016.

YANG Hongyu. The impedance modeling and stability
analysis of doubly fed induction generator system[D].
Hangzhou: Zhejiang University, 2016.

JEwk, GRS, SR, A AR GO AR s A8
ANl A7 380 2 T SR S L SEBLD). B ) R GEAR
Y5, 2013, 41(19): 24-31.

ZHOU Xiao, JIN Xinmin, TANG Fen, et al. Islanded-
mode control and implementation of a three-phase
four-leg based microgrid converter under unbalanced
load conditions[J]. Power System Protection and Control,
2013, 41(19): 24-31.

TR, BB, ki, & ZAHIE RIS SR R AR
i 23 M S LR GE PRI ST[0]. v L TR 2
2017, 37(13): 3843-3853.

WANG Yuncheng, CHEN Xin, ZHANG Yang, et al.
Frequency characteristics analysis and stability research
of phase locked loop for three-phase grid-connected
inverters[J]. Proceedings of the CSEE, 2017, 37(13):
3843-3853.

R, BRWT, R, AF R TR = LCL
T3 P AR 4% 1E A7 BT A 0], o R L A
2441, 2016, 36(21): 5890-5898.

WANG Yicheng, CHEN Xin, CHEN lJie, et al. Analysis
of positive-sequence and negative-sequence impedance
modeling of three-phase LCL-type grid-connected inverters
based on harmonic linearization[J]. Proceedings of the
CSEE, 2016, 36(21): 5890-5898.

FRE, Bz, EMW. SRS A T R M
WE[T]. o E AL CRE2AAR, 2015, 35(19): 4956-4964.

WANG Yichao, LUO An, JIN Guobin. An unbalanced
voltage compensation method for parallel inverters in
microgrids[J]. Proceedings of the CSEE, 2015, 35(19):
4956-4964.

e, BREZR, FURWI, A% REULRE AR 55
FL I )PP BT A S RGO P M (0], o [ R ML TR %
i, 2019, 39(6): 1560-1571.

WU Wenhua, CHEN Yandong, ZHOU Leming, et al.
Sequence impedance modeling and stability analysis for
virtual synchronous generator connected to the weak
grid[J]. Proceedings of the CSEE, 2019, 39(6): 1560-1571.

Yrfs HER: 2019-07-20;

{&EI HHF: 2019-09-04

EEEN:

B 2(1992—), F, ML, LT @ARHE

F a3 & E &) B-mail: ljmaster] @163.com

B0 h e MR AT R R R

E-mail:

yandong_chen@hnu.edu.cn

(%% 2#m)



	DOI: 10.19783/j.cnki.pspc.190850 
	不平衡负载下三相离网逆变器的序阻抗建模及特性分析 
	Modeling and characteristic analysis of sequential impedance of three-phase off-grid  
	inverter under unbalanced load 
	WU Wenhua, CHEN Yandong, ZHOU Leming, et al. Sequence impedance modeling and stability analysis for virtual synchronous generator connected to the weak grid[J]. Proceedings of the CSEE, 2019, 39(6): 1560-1571. 



