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1of 1,=0mA
ol / lumm100mA
o0t =-200 mA
-30 , , / : ,
00 01 02 03 04 05 06
I fil/s

K4 Hiisris D, MR K
Fig. 4 Relationship between DC and D,,

15 E L W L R PR B AN, A 3.5.7.9. 11 FI
13 YOI, B AEIF S H i ml & 1 A
Fl-1 A (W ELIR AL, A IF I H i i an il 5 sl 6
S S R B R T A e S
it S BRI R BRI %) O ZR AR R T E R S A AR —
AR E . 7E 0.1 s BRI AAS SC T8 B 40

25
2
1
1

DFR B FOZE 720 1 s BTSN LR

w O

HLVA
w O

w o
T
|

-1

-1

I o Q°° S 0w

NN TN Y Y Y
ETIEﬂ/s

5 S ER A 1A BRI R R

Fig. 5 Before and after compensating of grid injected

w o

current when reference dc current is 1 A

FHI/A
(=)

FER L £E0.1 s EE A A
P O E® O D >L® D
P ITITIFT VTSNP

Q7 Q7 Q Q7 O
A/

K6 S i -1 A RAMEFTS B e
Fig. 6 Before and after compensating of grid injected

current when reference dc current is —1 A

AR, N S AT 6 n & H, I R HL L OE G2
?Biﬂﬁmk{ﬁﬂjﬂﬂé/{l 19 A, H I 9 | AP0 2 B Ry H
5 UL B = A9 3 T A S
3.2 SCIRIGHE

IR UE R A Rk 5 DL TT 3 F]
A P2 Piccolo 251 DSC TMS320F28035 Sy 45 il ot

F 9 3 kW HARDG AR I 0 396 2% 47 5L 567 £ &l 7 e
/T,f%\éﬁ B0 BRI

K7 BRDEIRIF M AL dR S5 5
Fig. 7 Experiment platform of single phase PV

grid-connected inverter

Ohy IR A P O ) LA 20, 0 e
HL 0 22 [] ER B — > 7.5 mR, 0.1 295 i , JF HLid
R G X TT R 34461A TR AT 00 R T4
A4 BLR AR, O 3R s (5 1 9 L HL S P
EHRHF LR N

Lo real = %udﬁp (20)
J_:t EF‘ 5 L.(1(.,Jca1 —gi‘_’l:g/—ﬁ# m EEA ?ﬁﬁ%ﬁﬁ%ﬁ 5

u N R

o —— T AR A A o A 0
[l 8 i



% i 39%

3418 XK [H
4®7
L, L, i
N YTV E
AR
[ C u 00

uab g

K8 IR it I o B i ik

Fig. 8 DC component measurement of grid-connected current

P9 S L AR I 19 305 A8 i 76 30UE TR T B R ER
HL T R PR TR RO B R R o AER A B
3 AR SR I 3 e 5 B0 e BT R AR 1 I
P (EL AT A%, G R R A AR 0.1 A B9 B
PR HERLE 1 0.5% 85 HL UL L (H 1% BT 43 B
55U WAL B B A0S P IR AR HE B 31 i 5
FL R R A LR 0 38 X R 2R A R PP
FYHCR, l UL AL A 2 L T TP 1Y S 3 SUATAE L
BB B, B I EL A IE 97 S A RE A X
PR, o3 M P 2 B AR ¢ 8 Al A5 I 5 0 R O 5 A
TE R B o 78 11 R A B T A I 2 A
AT LI o3 A 0 4 1 SR, A RO LR
WU, l WL A2 i ) 5 R R L JC KR 22
S0, AEN T TR e A A RE 2R T S I S0 Y SR
JRCR AT WL, A8 24 R s 1) 52 U S0 RS T R AR () s
7 X R TR0 70 I f B 2 e R n] 45, OF
P P 3 LU 43 H el 20 1) 5 mA | 358 BH O ) 5 A8 245 1Y
LU A 2 A R
AN AN ——

v VA R
‘M%ﬁawwmﬁméiﬁéﬁﬁ'
I 18]/20 ms-div!

K9 EIA A MRS I

Fig. 9  Grid-connected current before and after

DC current compensation

B10 h s IF W 3 o 2 v O R Sk
TCPA300 4R A5 , R s s H Al iy FFT 43
BT D) RE FIT A5 0 M2 5 I I R 3 A0 3 ], G v B
Sy AEE R Y I R Sk A8 IR S ARG 4
Ho AT 10 107 B R SR AL G 42 1l 5w 10 91 1)

HL DRI PR, T DL - o L 3 R 5 A /D ik )RR Ui 10
b, TR AP AR BRI B s 60 F R 5 R IR R
AT P A A SO SR FH BRI B3 23 A2 1Y)
P SR m , w] DL B 23 A A R
RIR I I
\

sy AMERIFFTEOR A
/ fIRTR
M JEFFTHE K
B#/50 Hz-div'!
EI10  JFRIH T FFT 534
Fig. 10 FFT Analyses of grid-connected current

it

{#1/20 dB-div !

A

4 4 i

A B 2 2L 00 308 A2 s HAT S R R R R
B AR AF AL, AE I I B 3L 3L 20 3 A3 ol
S IS R G R fifp PR SRR ) B — o AR SC i
FE ST ARG AR I 0 39078 48 B AR, 234 I 190 R 3
FLUR ST AE AL 5 () s A7F S A BRAR R 9 2 A I
W FL 3L -5 B PR R R B S R A T A
S A CIEN NE R A E TR S o 1 PO DR £ 53 WA
o BBy e BIAT fif A 2R A5 LI 20 (L, e 1
G1FRIASE 1 L S , R P 2 A A (ELAE O S i i A
22 WL, M AT 540 ) 5 190 B 90 B 3 70 ek
Az o D7 FLRISE B 45 R R i 2 W32 07 14 BAT AR 3 1Y
SHIE

(5% 30Hk]

[1] Farag B, David A, Matthew A. A review of minimization
of output dc current component methods in single-phase
grid-connected inverters PV applications [A ]. 2012 2nd
International Symposium on Environment- Friendly
Energies (EFEA 2012) [C],
Newcastle, UK, 2012.

(2] J #, B vk, 3 857, S OBRIFM RGP E R
TEA [ it e S ka0 . i RGeS
i, 2012, 40(6) : 147—155.

[2]  Zhou Lin, Yang Bing, Guo Ke, et al. The progress and

and  Applications

development trend of the DC injection issue in PV grid-
connected systems [J]. Power System Protection and

Control, 2012, 40(6): 147—155.



1239

SRIAFSRAE AR BRAE FL IO I O30 AR 4R AL e G R b Ty v

3419

(3]

[4]

(6]

[7]

[10]

[11]

[11]

[12]

Gonzalez R, Lopez J, Sanchis P, et al. Transformerless
inverter for single-phase photovoltaic systems [J]. IEEE
Transactions on Power Electronics, 2007, 22 (2) :
693—697.

Lopezo O, Teodorescu R, Freijedo F. Leakage current
evaluation of a single-phase transformerless PV inverter
comnected to the grid[A]. IEEE Applied Power
Electronics Conference, 2007 [C], Anaheim, United
States, 2007: 907—912.

Zhang Shao, Tseng King, Vilathgamuwa D-M, et al.
Design of a robust grid interface system for PMSG-based
wind turbine generators [J]. TEEE Transactions on
Industrial Electronics, 2011, 58(1): 316—328.

Blewitt W M, Atkinson D J, Kelly J, et al. Approach to
low- cost prevention of DC injection in transformerless
grid connected inverters [J]. IET Power Electronics,
2010, 3(1): 111—119.

Armstrong M, Atkinson D J, Mark J C. Auto-calibrating
DC link current sensing technique for transformerless
gorid connected H- bridge inverter systems [J]. IEEE
Transactions on Power Electronics, 2006, 21 (5) :
1385—1393.

FEE, SN, R, SF BRI R D
PRI PR B8 BT AR R B [T ], R LR
“#4f, 2009, 29(36) : 23—29.

Wang Baocheng, Guo Xiaogiang, Mei Qiang, et al. DC
injection control for transformerless PV grid- connected
inverters|J]. Proceedings of the CSEE, 2009, 29(36) :
23—29.

Ahmed A, Li Ran. Precise detection and elimination of
grid injected DC from single phase inverters|[]J].
International Journal of Precision Engineering and
Manufacturing, 2012, 13(8): 1341—1347.

Giampaolo B, Emilio L. Detection method of the DC
bias in distribution power transformers [J]. IEEE
Transactions on Industrial Electronics, 2013, 60(8) :
3539—3549.

oM, MEGRE, TSI AR RS B R RGO
P 305 745 % 114 5 0 B A o) O vk L)) L TR
2013, 28(12): 237—244.

Wang Xiang, Hao Ruixiang, Wang Jian. Research on
the impact of transformer DC bias on PV grid-connected
inverter and restraining method [J]. Transactions of
China Electrotechnical Society, 2013, 28 ( 12): 237—
244,

SR, BATR, FFAE, 55 SADEIOIE R & HLFR

[12]

[13]

[14]

[15]

[15]

[16]

[16]

[17]

[17]

[18]

[18]

48 THD S DCUARAL I ik WF 58 [0 ], B T R 224,
2015, 30(16): 238—245.

Zhang Guoyue, Qin Mengzhu, Qi Donglian, et al.
Research on optimization method of THD and DCI in
three- phase grid- connected PV generation system [J].
Transactions of China Electrotechnical Society, 2015,
30(16): 238—245.

He Guofeng, Xu Dehong, Chen Min. A novel control
strategy of suppressing DC current injection to the grid
for single-phase PV inverter [J]. IEEE Transactions on
Power Electronics, 2015, 30(3): 1266—1274.

Wang Baocheng, Guo Xiaogiang. Real- time DC
injection measurement technique for transformerless PV
systems [A]. 2010 2nd IEEE International Symposium
on Power Electronics for Distributed Generation Systems
[C], Hefei, China, 2010.

Wi 2, XUk, BREIE. 36T ook 55 4 fa il o IR
I 100 53078 g B A SR [ ], W TR A0, 2013,
28(10): 159—166.

Chen Kun, Liu Dichen, Chen Changwang. A Strategy
for restraining DC injection of photovoltaic grid-
connected inverters based on improved repetitive control
[J]. Transactions of China Electrotechnical Society,
2013, 28(10): 159—166.

SR, B, XU 2 STATCOM 1+ i it B
Ty A [T, E LT AR, 2012, 32(36)
15—21.

Shi Yanjun, Duan Shanxu, Liu Bangyin. Suppression of
DC current injection for cascade STATCOMs [J].
Proceedings of the CSEE, 2012, 32(36): 15—21.

T 07, R, RN, G5BT R RS0
AT BRI D00 390728 5% L 53 ek ARG B A 5 vk L ). B
fig*#4ie, 2016, 37(6): 1403—1409.

Xu Fang, Zhang Benben, Wu Lebin, et al. Detecting
and suppressing method for DC component of grid-
connected inverter based on ripple analysis of bus voltage
[J]. Acta Energiae Solaris Sinica, 2016, 37 (6) :
1403—14009.

VPHERS, WA, sk, i XU R GE b LCL G
P08 s o A PSR ERak [T ). P AL TR
4%, 2015, 35(16) : 4153—4166.

Xu Jinming, Xie Shaojun, Zhang Binfeng. Overview of
current control techniques for grid- connected inverters
with LCL filters in distributed power generation systems
[J]. Proceedings of the CSEE, 2015, 35(16) : 4153—
4166.



3420 xOMH B o 39%
[19] Parker S G, McGrath B P, Holmes D G. Regions of [20] Dannehl J, Liserre M, Fuchs F. Filter- based active
active damping control for LCL filters [J]. IEEE damping of voltage source converters with LCL filter[J].
Transactions on Industry Applications, 2014, 50 (1) : IEEE Transactions on Industrial Electronics, 2011, 58
424—432. (8): 3623—3633.

DETECTING AND SUPRRESSING METHOD FOR DC INJECTION OF
GRID-CONNECTED INVERTER UNDER NONIDEAL
GRID CONDITION

Zhang Benben, Xu Fang, Ai Qinglin, Wu Lebin
(Key Laboratory of Special Purpose Equipment and Advanced Manufacturing Technology , Ministry of Education & Zhejiang Province,
Hangzhou 310014, China)

Abstract: In order to suppress the DC component of grid-connected current in inverter of PV grid- connected power
generation system under nonideal grid condition, an indirect detection and compensation method based on DC side bus
voltage ripple analysis is proposed. Firstly, the mathematical model of the grid-connected inverter is established, and the
generation mechanism of the DC component of the grid-connected current is analyzed. Then the relationship between the
grid-connected current and the busbar ripple voltage is studied, and it is concluded that the DC component of the grid-
connected current can be equivalent to the odd-frequency ripple component of the busbar ripple voltage under non-ideal
grid conditions. Obtaining the DC component analytic of the grid-connected current by segmentally integrating the bus
voltage of a grid cycle, adding the formula as feedback amount into the system control link can effectively suppress the
generation of DC component of grid- connected current. Finally, the reliability of the proposed method is verified by
simulation and experiment.

Keywords: grid-connected inverter; DC bus voltage ripple; DC suppress; nonideal grid



