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Study on feedback damping control methods of grid-connected inverter with LCL filter
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Abstract: LCL filters have greatly improved the current quality of grid-connected inverters, however, the problems of resonance and
stability are also brought in inevitably. In this paper, feedback control methods with two different side inductance currents are studied
and discussed, respectively. Based on feedback control method with grid side inductance current, the paper proposes a no damping
control method, in which optimal designing of the ratio relationship between sampling frequency and resonance frequency are used in
the digital control system. For another, while the system adopts the feedback control method with inverter side inductance current, a
filter damping control method is proposed, where the resonant component extracted by an improved high-pass filter is adopted. Both
of the two methods can avoid using any additional sensor in the main circuit, not only the design procedure is simple, but the
reliability is high, and it is convenient for the engineering applications. At last, experimental results show that the theoretical analysis
is correct and the control methods are feasible.
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Fig. 1 Topology structure of GCI with an LCL filter
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Fig. 5 Root locus of current inner loop under different feedback

3 RiRFEIEHITTE

EP ARG IASEIN T R G AL 5 R E R R
RS e, WRAMUIEEA TR RS
TCVEAREIBAT » T 435 LA AR 3 2 L U P EA )

SRR A L B L i RS TR AS I PRI
A LA T 73 AT o
3.1 MMk

EH RIS 23 B g i, st e o ) P JB L 2 1)
PLSEEL ARG ds e w5, N AT Z I AT FH e
it o (HE X TR R RGO UL, LIS RATE A0
FHNEPHER EE . —MCRUL, KA BT, X
%%?%ﬁﬁmﬂﬂ%ﬁ%%mmwr%ﬁ%%;
E & SRS K 1o ST 436 R 48 1A R s s Je AN )
S JUHS TR LCL 307 AR 28 R 4
R RG R RAAIR Y LCL JEIR S (IR IR A7
EERKIIRFR.

TE SURFE AR S IERANZEL A d=f /| frear K] 6
ﬁ@7“%%deWTHﬁHM%mWHﬁﬂW

Rettans
6T “?‘” o | G O o ‘
as a a8 o
(o ot G oﬂ{bw
03
o8y ‘08T 04 | 02T Cy 08T 04 02T
05 ge.l|
0 88 8
(o 88 o fiouT 8 o
B 09 \ f 9. ‘ 4
£ r k4 T | s
£ o % o E o i }
EOZ ‘u9n/r 01 . 09T 1 0t/
24 a |
ol owT 02y PRI po
™ S orar 0 a8 ot MT
o 06T Q4T O6wT 04wT.
4 ot ' ot
3 08 06 04 o2 0 02 04 s 06 04 02 0 02 04 06 08
Rl Raiais
(a)d=1.5 (b) d=2
Retloos Rettoois
! 1
06wT BT 04nT T O Gt
o8 oy Sooht o8 7 Shagt
03 a3
Ly 08T g; I 2T 08 08T 04 024
L o o4 86
oot 8 o fowr o N
5 08 \ 2| 2
2 | 2 \
Lol o ]k ‘ |
) | g m ]
02 oot o E 02 ooy o
eh 04
08nT. 024,
26 { o ait i
28 o 0% a8l ot 0%
N 06T ggur 4L 06T g Ol

4 08 06 04 02 0 02 04 06 08 1

4 08 06 04 02 0 02 04 06 08 1
RelAcs Rl

(c)d=3 (d) d=4
& 6 =R d T HEiikNERRIIREN T

Fig. 6 Root locus of current inner loop under different d values

Lk i 2k 6. B 6(a)F1El 7(a) H T UE
M d 15 I, REGGEAATER, PN REER
FEARZR AR, I HRAZ AL ) FEAR B A RE R HEf Hb
S B R G, P GVt AT 200 P R
N T RGAGEIBAT, KRB W m . WA
6(D)FIE 7)o, 4 d B2 W, B RS L&)
PIREIEAT, (HARmP AR RS BB, R
G AR, o 5 RIEIRINSR K .

Discrete Step Response

200
150
100
o 50
=
2
= 0
g
< -50
-100
-150
2200 S S S S S S
0.000.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
t/s
(a)d=1.5
14 Discrete Step Response
K T T
1.2
1.0
I
2 08
T;a.
Z 0.6
0.4
0.2
0.0 i H H ; ;
0.00 0.01 0.02 0.03 0.04 0.05
t/s
(b) d=2
14 Discrete Step Response
o
=
£
a
g
<
I i i i i
0.00 0.01 0.02 0.03 0.04 0.05
tls
(c)d=3
14 Discrete Step Response
S
£
a
g
<

! H S SR S S I
0.00 0.01 0.02 0.03 0.04 0.05
tls

(d)d=4

B 7 RRE) d T i AR R R AR RE # 2%
Fig. 7 Step response curves of current inner loop under different
d values



-76- CE R R R EEL

TSR S PRI LA d 4 3 1, W&
6(c)FIE 7(c)FTR b R I E MERERLLT, RGes)
A5 N BERR, R AR AN

D BRI, Y d=4 I, MEFa L
FH, LCL JEJE 2% 1 M2y SR Fppr [ i, AR
TEMFERRAG, MBI N 21 7(d)kE, DR R
G BRI RE SRS B AT, HAE N IR EAR e, FE(E
HEG R, RS MR ORFEG. I,
Pt LCL YB3 AR a8 R A, SRS 1R A
RIJLAE d BUEZ A 3 BHE, PEIAS 5 288 s
I RH Je Fas il Sms . ARSCIRAEAZE 28 2 kHz,
PARLI N 611 Hz, d K210 3.27, #HIRCRRLS
3.2 TR IR e A

M ESCHI AT R, 2 FL P B SR ] AR A )
HUBSHIIR & AT I sl , RGeS Lk izt
1), SRR AU AP IR e T % &
A BH ) JCUE e 25 7 RSN AFE, A
J5BELJE J7 ¥ B A A ) R Bl H R AL TR
AR T a3 1 Y A U R vk

X LCL JEP: a8 RA TN R BATT F(s), &l 8
7R o

8 MMANRIRIAT /F B4 LOL EAiEE
Fig. 8 Block diagram of an LCL filter with feedback element

AR B Ry AR, G REEH
AR LSO

LngYs2 +1
LLCrys” +(Ly +L)s

R I B O T, R AR R GE R
FEHIPE T RG e ARE N, W IEPEE I F (s)
ATDMRIE RGeeE . 5 F(s) N M sl pE k88,
X IS (1) 4% 328 eR A

ks? ks?
F(S)_S2+ 1 _s2+a)c2 ®
L,Cy

X I R A R AL E IR 5 FEIIUN o0c=2mtfrest o JE

(8)

GLCLi =

i 5 1 S R F(s) 10 LCL IR RS04 50k

C(s) = Giei(s) _ LgCtYSZ +1
1+ Gy (5)F(s) LgLinYs3 + kLngSZ +(L, +L)s

(10)

22 A0) B (1 S AT AERUE R AL H AT G

IR, A5 PR B ARGE, FESRN

SR SGE R 5 AT RIS TR Rl I, X A
PR N

F'(s)=

L (11)
5% +28w)s + ol

Hrpe & NFHJE Lt k' b B REG Bl R
-1

W = 2nf, - PR Tustin i (s= =222 ) 3

T, 1+z

e, ek R R R I N AL 7 B U S B
HEEI B 9 B

x(h)

9 MUHE! S RIE KR B R S IEE
Fig. 9 Implementation block diagram of discrete improved HPF

BUR BRI R Bk =1, L E=0.1, W]
L B A ) TR
yv(k)=ay-x(k)+a -x(k-1)+a, -x(k-2)+

bl-y(k—1)+b2-y(k—2) (12)

HhRH: a=0.646 1: a;=-1.292 2; a,=0.646 1;
b1=0.751 6; b,=-0.832 8.

FER AR AR UK B i AT S Bt aling
TR R IFEE R IRAL,  T ZEX X —
o AT AM, DAL Dh R ST . 2
gt 5 X QU L JR R T B, T AR D FR LR A5 T
UM, DAL T A8 B P LI FER) A DA TE D)
VIR

P =0

0. =_Ea)0CtYE§1 (9
2

A, En 0 F A HL s IR . DRLIEE d SR q il

AMEH RN N

¥m=0
(14)

lcq = a)OCfYEm



oW, 5

LCL F M Azt #s  t BH e 11 5 v F T - 77 -

SR SCHE PR e T 90 90 s A T 0 AT R B JE 4
il FRLIAL A AT . (4 A S IAE T A ] 10 Bl A
P v TEE B AP A WA M LI g~ i R AL P>
RS RE BRI UK, JFAERIS SRS S
R FLUERR, XFFE AT LLORIEAR R A ) F i b A s
EATIEPRMR AL KBl L s, BEM3mf] T Il R
A

10 JEIR B IR RIZHIHEE
Fig. 10 Control block diagram of filtering active damping

4 EBHHF

N T AR RS - HT IR, BT 8
— M LCL JfM PWM ZZmasAEnL, JFEAT TAC
PISEEIGIE, AR ARFENLR B 1 ProRigit.
WL A AT U S N 4 L A (B 380V, A
JEMNFN 50 Hz, ELLEFZEHZE4 18 800 mF , LCL
TEW AR S SHON L~0.6 mH, Cp.=83 pF, Li=0.5
mH, BB h 4.8 Q. 7FSZBR A I R
L, JFRHRZEUEE N 2 kHz, FEXINTE A 3 ps. 2
rh It PWM AR g iz T e s e ik, HIikk
deda il i s 2 2 600 Vo

TP 92K H DSP+FPGA 192244, FPGA 154
S AR AR AP B A5 5 R A, sl A5
Jii tH DSP M THCF IR AR B, 280 NS v 45 il
B, BRI B Rk iy 25 b % S FPGA. B
tH FPGA R4 725 L5 Bk AE AR 6 2% PWM ikt
KPR 284, n] A S 4 DSP Fil FPGA % H 1)
Pedhe, S AP A i

SR FH A0 L J2 P e ot I BEL @ 4 il s, Y
PWM A3t g Ao B AT I SEBG p B Wil 1 fiorR, X
FhEE UL R B N HAB B JE 55,  RFEANAR
PSR LAl d 290 3.27. WEIHATLLE Y, i
SR FH DR 98 e ot T ST REL e s il 9 ) e gt
JEFaE. BN A R i, WO i,
() P AR 0 o B R BRI, tBEGAIE T LCL JE B 2% 1%
L 1) R B A

K12 45 HE T ARGt a0 Fh g e i s st A s L
JEFS IR SEIG T, Wk (0 eI S I S s R E

K EEC 1, FHJBEL EHL 0.1. MEIFa %, M@ikmA
JEWPHJEEAT, IR PWM A8% #istTaE, Bk
R o R oA WE M 600 V, REZE H R hilFa e
L Y 28 FEL. wagy, 55 00 N TRIAR FRLIAL 7 DR TEAH ZE 30°
R L q fh IR e ra s, SEELT PR EEuE
iTo

it
SN NN N TN
\m/ ’\a.// /\..v/ ﬂ\'-m"/ v\u—// g

/(10 ms/ #% )

11 WY FE 37T A 15% o BEL e ) SR R 7

Fig. 11 Experimental waveform of no damping control with

u, /(200 V/#8) /(400 V/ ) i+ i /(205 A/ #5)

grid side current

u, /(200V/ #5) u, /(400 V/ 1) i,/(205 A/ #5)
«

#(10 ms/ #% )

12 2257 350 B AT R V5% 3R P Fe 42 1) SR 36 SR 2
Fig. 12 Experimental waveform of filtering damping control

with inverter side current
5 %t

T PR R SR AAAE CPU LR PWM
ik SR I SE N IR TR, P2 LCL I AR g R
LCL AN[RI g i gt B i s aKI, R G2 A5 g
R IBATINE RAFAEZE S . ARG LI
FLUR B IR T e TSR I, 3d i R e A 1 R
GEHHRFEAR AT LCL 1 RMR I LLAE IR, RISl
AN BN S SRS R B E R 20 M AREEK
AR 2 O R IR HL U0 B U5 P i) e s TR SRS I, 22
IMATEIREEAT IR e Jridee T BEvtBSedk )
T PE B ARG 27 Pl i s P ) e e 20 B UERR
A LASEBL LCL JF AR s R S g B L e 42, &



-78 -

&) &GS

LT ZRIEES:, BIn TN RGER W SEME. %
B BAIE ] T B 0BT I IR
5% 3Tk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

LISERRE M, BLAABJERG F, TEODORESCU R.
Grid impedance estimation via excitation of LCL-filter
resonance[J]. IEEE Trans on Industry Applications, 2007,
43(5): 1401-1407.

FAot, BRE R, JET LCL JEBER1 IRk U
FEH e MR R AR AR B vt 5 FRERBOARWTZE D). D &
AR5 #E, 2010, 38(20): 110-114, 120.

WANG Yu-bin, CHEN Jian-liang. High performance
LCL-based utility-interactive inverter design and parallel
applications[J]. Power System Protection and Control,
2010, 38(20): 110-114, 120.

XK, AL, BRI, AR IR LCL JEukas
Mot SN BT EOR R, 2010, 253):
110-116.

LIU Fei, ZHA Xiao-ming, DUAN Shan-xu. Design and
research on parameter of LCL filter in three-phase
grid-connected inverter[J]. Tansactions of China
Electrotechnical Society, 2010, 25(3): 110-116.

LAY IPAWRETY: I ;B N BURS Bedt BN S
FEHI]. RGO S, 2009, 37(20): 12-17.
DAI Xun-jiang, CHAO Qin. Current control of constant
hysteresis band for single phase photovoltaic
grid-connected inverter[J]. Power System Protection and
Control, 2009, 37(20): 12-17.

DAHONO P A. A control method to damp oscillation in
the input LC filter[C] // Power Electronics Specialists
Conference, 2002(4): 1630-1635.

LISERRE M, DELL’AQUILA A, BLAABJERG F.
Design and control of a three-phase active rectifier under
non-ideal  operating  conditions[C] //  Industry
Applications Conference, 2002: 1181-1188.

IR, FEAER, LA, 4% FET LCLUEBHI KT
= AR PWM BEGRAR[)]. B T HEORAER, 2011,
26(8): 79-84.

LI Xin-ran, GUO Xi-zheng, WANG De-wei, et al.
Research and development of high-power three-phase
voltage source PWM rectifier with LCL filter[J].
Tansactions of China Electrotechnical Society, 2011,
26(8): 79-84.

[8] SERPA L A, PONNALURI S, BARBOSA P M, et al. A
modified direct power control strategy allowing the
connection of three-phase inverters to the grid through
LCL filters[J]. IEEE Trans on Industry Applicati-
ons,2007,43(5): 1388-1400.

(9] BfffE, ARORAC, TEFQAE, 55, LCL JFMIAeas Hi g

P 0 P2 S T SE[D]. O R GRS 1,
2012, 40(17): 1-5.
HUANG Zhi-xiong, XU Bao-you, SHEN Ling-fei, et al.
New current double closed loop control strategy of LCL
grid-connected inverter[J]. Power System Protection and
Control, 2012, 40(17): 1-5.

[10] TEODORESCU R, BLAABJERG F, BORUP U, et al. A
new control structure for grid-connected LCL PV
inverters with zero steady-state error and selective
harmonic compensation[C] // Applied Power Electronics
Conference and Exposition, 2004(1): 580-586.

(117 fRass, W, Bh%. R LCL JEBEEIIE R

AR A AN B LA B [J]. 1 L TR AR,
2009, 29(27): 36-41.
XU Zhi-ying, XU Ai-guo, XIE Shao-jun. Dual-loop grid
current control technique for grid-connected inverter
using an LCL filter[J]. Proceedings of the CSEE, 2009,
29(27): 36-41.

[12] TWINING E, HOLMES D G. Grid current regulation of
a three-phase voltage source inverter with an LCL input
filter[J]. IEEE Trans on Power Electronics, 2003, 18(3):
888-895.

(18] 5K, XS, Lo, 5. —FHi U PWM AL ds

LCL JEP A% A W FH JE #2 S ms [7]. o TR AR 74k,
2011, 26(10): 188-192.
ZHANG Xue-guang, LIU Yi-cheng, WANG Rui, et al. A
novel active damping control strategy for PWM converter
with LCL filter[J]. Tansactions of China Electrotechnical
Society, 2011, 26(10): 188-192.

ks B #A: 2013-11-28
fEEEN:

%W (1985-), %, WAL, BRTRhEHFE
A & B 4244 K;  E-mail:henryhangang@163.com

& (1964-), K, #ax, WEARIR, TEARS
BMAFREMBAR, RFHREHET, FEEBREAFKSF,



