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RESEARCH ON CONTROL STRATEGY OF LCL-TYPE
GRID-CONNECTED INVERTER

ABSTRACT

In response to the inherent resonance issues of existing LCL grid-tied
inverters, as well as the harmonic problems between inverters and between
inverters and the grid, a model for LCL-type single-phase grid-tied invert-
ers with active damping control to alleviate resonance issues is constructed.
In the process of employing Sinusoidal Pulse Width Modulation (SPWM)
technology in grid-tied inverters, harmonic interference phenomena arise
due to the switching operations of power devices. With the increasing num-
ber of inverters, the resonance mechanisms of the system become more
complex. Therefore, this paper investigates active resonance suppression
strategies for LCL grid-tied inverters by analyzing their resonance charac-
teristics. The main contributions of this paper are as follows:

(1) Adaptive parameter optimization for LCL-type single-phase grid-
connected inverters based on the IFOA-PI (Improved Fruit fly Optimiza-
tion Algorithm, IFOA, Proportion Integration, PI) control algorithm. First,
the LCL type single-phase inverter control system is analyzed; Secondly,
the IFOA algorithm is used to adjust the parameters of the PI controller,
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and the parameter setting problem of K and K, is equivalent to a pa-
rameter optimization problem in a two-dimensional space; Subsequently,
by comprehensively considering the absolute integral of time and current
errors, Total Harmonic Distortion (THD), and overshoot, as the objective
function for evaluating the convergence of the IFOA algorithm. Finally, a
simulation model is constructed in MATLAB/Simulink for validation pur-
poses.

(2) Research on voltage feedforward control strategy of LCL grid-
connected inverter based on virtual impedance. First, the second differen-
tial of the grid-side current is used as the feedback signal, and active damp-
ing is implemented to suppress the natural resonant frequency of the LCL
filter, effectively reducing the resonance peak and improving system sta-
bility; Second, a delay compensator is introduced to solve the time delay
problem. Predict and compensate the system response to improve the dy-
namic response speed and stability; Then, use the voltage feedforward con-
trol strategy to deal with the harmonic problems caused by the grid voltage.
By measuring the grid voltage as a reference signal, the harmonic effects
can be effectively suppressed and the quality of inverter output voltage;
Finally, through simulation experiments, it is verified that the improvement
measures effectively suppress the resonant frequency of the LCL filter and
improve system stability and output voltage quality.

(3) Resonance analysis and suppression of grid-connected inverter
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parallel system under weak grid. Firstly, the proposed control strategy in
Part II is adopted in a parallel system with multiple inverters and its feasi-
bility is verified; Secondly, by introducing a digital notch filter and inte-
grating a voltage feedforward control strategy based on virtual impedance
into the LCL-type grid-tied inverter, along with employing hybrid active
damping techniques, we can effectively suppress resonance and achieve
precise zero steady-state error control of the fundamental signal. Finally, a
simulation model is built in MATLAB/Simulink to validate the stability of
the proposed control strategies and their grid-tied effects. Results indicate
the superiority of the proposed control strategy in enhancing inverter phase
and magnitude margins, as well as suppressing grid-tied inverter and sys-

tem resonance.

Yali Li (Electronic Information)

Supervised by Prof. Yuan Ge

KEY WORDS: LCL filter, [IFOA-PI, grid side current control, voltage

feedforward control, hybrid active damping, resonance suppression
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WA s R GETh, WARER I FIRECR W AT R0 R SR SR i S P o e A 12 B Y
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2, FI T PLAHI s I RALERE . &%, 40MT LCL 2 HAHJE i AR 3545l &
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Ry SRBEAT R LU o G Y1 IR IR o 7 R e DA Bk AR B LA 2 B %o P £ 75 232k
AT BRI E S T .

1 et B X
3.1.1 Z-N BFEE*
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PID 0.6K,, 0.5T, 0.125T,
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10%3] 60%2 [A]254k, . Ziegler-Nichols Z:56 A AL s AE T HEBER . 5T
S, & FVERE Uz, TR JE A A B E A, BRI AE L
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IR AIEAL, LA LR PID 2 1 45 (14 1L RE RE 4809 2 SE B LAR MR . BRI —M R
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BAEERAE, T BB AR P(e) AE— 80 04 HEAT 38 L B2 1P A
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(6) 225t ARFIRAFRNAZ A B FA A BEAT I RAZ L AR, e T
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yi=yta
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X, a NEEHUA.
() AT FHARFBEYE, SRARENMEAEEREACSSE A (55D

IR D, RAGHRIEIR LA AEAE S, BERGL, e (oK.

[ 2
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-1
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(4) 3 LI B KCF(S,) R TR BE R0 088, 1, oby L 7R o L

(3-8)

ik O
Smell, = F(S,) (3-9)
(5) DR AT IO LTRSS AR 240 IO B BRI, V%
S RAT T 1.
[bestSmell bestIndex]= min(Smell,) (3-10)
(6) RFEEHRH €TI0, TR TR (v, ) LR AR A

%30 .
Smellbest = bestSmell
x = x(bestIndex) (3-11)
y = y(bestIndex)

(7) RUGERS 2 DR 50, AHHREEAUARYE, FI1EEMA, Jf

tior B 4 L
3.2 EF IFOA BY LCL BY 31 25 8845541 SR ER

WK 3-2 $r¥ s, @it H WA LCL JE 7 #8544 B AH LCL Y I W 150 A% 28
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PI 451 45 BH PR 0 2 2, 43 )& LU AN AR 40 315 o BUAGIER 15 R4 28 452 s 22 1)
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W, EIHE KRS FERGEARE . R TERESIRE, K3FE
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IERGRR e R sh AR . A% 35 B U I SRRk R F
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Horb, K, K, 730009 Eegl i) R BN 0 4 16 R B e(e) Dol ARl e AR R 22 bR
B, @R AR, X (3-13) AIARHA:

Uout (S) ﬁ _
G,(S) = 2 =K, = (3-14)

322 KiFMRBMIEILAIFOA)

R IEFOA) RARIF A R R R ), REWS IR PR 58 i H A XS 1)
fir, fH2H TR FOA e B KA RINFFIE, 724 R0 R#-T- R a8 /ot
SARZE, RS R, N T RIS FOA Bkl Zob K e bRl AU E
PR E T AR B ), A ZX FOA Sk i RS Kk AT 1 ot oot
J5 (75 A8 45 i TT LU R B RS B K, T A SR R A R ] 1
(3-15) etk A 5

) Dir[bestIndex]
Dir, =+—
|Dlr[bestlndex]|
x, = x+ Dir, xrand(0,4) (3-15)

y, = y+ Dir, x rand(0,4)
FEIZI,  Dir, FRRWRIE W ik 2 5 KA RIEFL B H) 517, Dir{bestIndex] |
PRI TE LA B e KB N R A2 ) (120K . Bk i) FOA SVEIRAZ I T -

(1) REEF I RAERILE A BN (X, )
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(2) HSE, BT K FOA, 73 AIF M Dir, Ml Dir, il — R K, If
FEMRIE IR LI B B B ,  TE 3 RIEAE x A1y J5 ] ERIE K

BestDir_= Dir [bestIndex]

3-16
BestDir, = Dir, [bestindex] ( )

(3) %o Sk g SR (x, y) ABENL S FOATEE B (x,, )
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|BestDlr| ’
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(4) CRIRAFBEICRIEALE x A1y J7 ] BRI BD K
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‘ (3-18)
Dir,=y,—y

(5) HRBEMEEFE SR D, , HESWEKRE R EES, .

2 2
D, =x; +,

-1
=)

(6) WRIEIRE Smell. FHIEN FZ B F(S,) 15 .

(3-19)

Smell. = F(S;) (3-20)
(7) FFRMRTE IR S B AAR S LR

[bestSmell bestIndex] = min(Smell,) (3-21)

(8) AR SEHTJa B AT I 1], SEHT R AL B (o, p) 5 AEADL SR A 48 22 2 ] o

Smellbest = bestSmell
x = x(bestIndex) (3-22)
y = y(bestIndex)
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u

X, e() ARG SHEEREM; w,, NSUGERIEE; u,, AR
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