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Delay Compensation Srategy for Widening Effective Damping
Zone of LCL Grid-connected Inverter
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Abstract: In an LCL grid-connected inverter system under digital control, the control delay reduces the
performance of a capacitive current feedback active damping method for suppressing resonance peaks, i.e., the effective
damping zone is only 0-f/6 (where f, is the sampling frequency), which seriously affects the system stability. Aimed at
this problem, a delay compensation strategy is proposed. First, a delay compensation link is added to the forward path to
increase the system boundary frequency. Then, the stable conditions for the system after compensation are deduced
according to the stability criterion. Finally, the capacitive current feedback coefficient is designed under the new stable
conditions. The analysis results show that the proposed strategy can widen the effective damping zone to 0-0.4f,
thereby expanding the selection range of the filter resonant frequency f, reducing the inverter’s design cost and
improving the system’s adaptability to a wide range of grid impedance changes. Simulation and experimental results
show that the proposed strategy widens the stable operation zone of the system and improves its poor stability when the
resonant frequency f is equal to or more than f/6 under the weak grid.
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Fig. 1 Schematic of digital control of single-phase LCL
grid-connected inverter

K1 AE s 3R AR HAE AN IE 2 B, I
P (1] 8 R L O I R e e JE U, LA
ML, I Ky, BB, SR
Wtk SPWM B 250 v, 215 G () sl AE
i, e TORRBERIN: Gk
E2w)
2k ws
Gi(s):kp+m (1)
s & AHBIREG kBT REG o MR
B A rad/s; @, WA AR, 0,=21f.

HUA HLLI B S OB IUPRIT Z, (s)H9RIEA K
HOFBIG A MBLPE S R, FIEBHUA i X, X T4
=S OESue i il

L .
Z, (S)=—1e1.5sT,. =Rael.5sn 2)
) CH Ky

R (f)=R,[cos(3nf/f)
{Xeqm:Ra/sin(snf/ﬂ) ®
X, R =L,/(CH Kpypp)o

KOG, Hf=fo0F, R FTIFK, HIHHH
MTRGLMIE; M f<f/6 W, R AIEM,
RGALTIEAMBCIRA; X4 /> f/0 B, R AT
B, RGENPERE T RE AR I E SR,
Vs RE e M RE A



282 i, b

$23 %

i/,z(S)
Us(LytL) H——

B2 HiHLCL BHMFEERIEHIER
Fig. 2 Control block diagram of single-phase LCL grid-connected inverter
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