ELECTRIC DRIVE 2025 Vol.55 No.5 W AR 2025F H554 5

ET1RET I LCL RUA Y5 H F e 2%
H 3& W /N B e IR B |

B EXER L BRI, BT MEL KE R
(136338 K3 #)Lﬁiaﬁf‘ﬁéi&v‘i‘élﬁ%% )~ 40N 535011;

2. BEFIRELE SR AR ELELERE, ) ® 4 535011;
3EGMERF FEL i-’j—F}% basiia} r%a 330063 ;
4.7 BHRAFBEGEEFIRRERESHARELEEET, S & 40 535011)

FEE O T 48 LCL BTG R s D7 IS M I AMESOR R 1 T 55 T TIR U B 2 14048 [ 30 1o/ NVESCHE IR
S R R T LCL AT i 2R 8%, IR 5045 AR Jy s S 45 R i s il X G o i I TIR 9 g 4%
REAS 16 1T Y AR AR S IR /INEICE IR | DA T e e 42 1 I A0 5 vl T ) B M U AR A DR TS o ARIR 45
T O I S A T T AR LR MAME I R R T T RGERRE . D L
YGUE T B4 TR REAS O R GRS MU MERE AN THD .
KRR AT IRRLE 5 T 5 d A 2 5 e IOV RFAER 5 3%
FESES:TM46  XEEFRIZE:A  DOI:10.19457/j.1001-2095.dqcd25615

Adaptive Fractional Delay Repetitive Control of LCL-type Active Power Filter
Based on IIR Approximation

XIE Jijin"**,HUANG Wendong', SHEN Kang', LIU Bin’, MENG Ningjia'**,ZHANG Yuanyuan'

(1.School of Mechanical and Marine Engineering , Beibu Gulf University, Qinzhou 535011, Guangxi, China;
2.Guangxi Key Laboratory of Ocean Engineering Equipment and Technology , Qinzhou 535011, Guangxi, China;
3.School of Information Engineering, Nanchang Hangkong University , Nanchang 330063, Jiangxi, China;
4.Guangxi Key Laboratory of Beibu Gulf Offshore Engineering Equipment and Technology ,

Qinzhou 535011, Guangxi, China)

Abstract: In order to improve the compensation effect of LCL-type shunt active power filter, a frequency
adaptive decimal delay repetitive control based on IIR filter was proposed. The resonance suppression loop of LCL
was designed through root locus and the design result was used as a new control object for repetitive control. The
IIR filter used could approximate the decimal delay caused by frequency changes, thereby matching the resonant
frequency of repetitive control with the fundamental and harmonic frequencies of the power grid. The adaptive
implementation diagram, the phase characteristics of the approximation part, and the design method of the
compensator in sequence were presented. Finally, the stabilities of the system were analyzed. Simulation and
experimental verification show that the proposed method can improve the steady-state tracking performance and
THD of the system.
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Fig.1 ~ Control block diagram of SAPF

WIS O L AR O AR o F i 2R A
L B P A ORI TC S LR 0, T FL TR AR 2
SE I g 5 OB w, 28 R AR S B PR PLL
4 3 57 2 RE A DG A48 4 B o, T AN
SAPF 7= A A 0 FE S 4k 35 B 20 A s e, BREM S BE
LR ER S 0 BBOSOIN L i 45 21 Bt + M L 4
A i, A FL AL R R A ) PR T Bk T B A
Je AOAFDRC 52 BUA &5 M2 (] v e 2 Sk A0k
FE AR IR ), e AT o B 52 AL o, [
[RIRH , 48 i DR R, D/ NS

2 ARHaE %+t OCFAD 2134

2 e AR L, AL, ) AR FL B r Ay, R T
AT w,, (s) 20, (o) FIEABERL G (s ) -




ARG A FIR@#H M LCLE AR E A5k 2 & B HIER F 5 354

B A AR 20255F H 554 5

iz(s) _ 1
uy(s) ks’ + kys® + ks + ky

G (s)= (1)

Hrp
ky=L,L,C
ky=(r,L+r,L,)C
k=LA+L+rr,C
ky=r+r,

AL, LCL R 3B Xt 4, HH: Bode FIfETEIR IR
JRUE , 510 3R G RS I, AR I R A g
PRI AR (A FHLE o

TE LCL TGI8 B JE 77 3k rh 88U R e - 19 R 7R D8
PR ZS C IR RHE FaLRE, > B FL B # /N AT
A AN LCL A iR 0%, (H 2 5k /1N iy L@ Ha BEHS
SRR RIIFE, T, AR THRE
REJE 32, A s8Ry 1 A v 25 fEL I S B 105 L
Je, E 2afR . K, CGs) IR T & kol
LU S 5 AR B, B (1) REE R < b= (r L+
rL ALk, ) C ke =LAL+(rrytrk, ) C L ks b ANEE S

FHL A PR R A B Ak 21 5 R 6 L B —FE 1Y
RHJE SRR E 5 35 A% IR BRI 1/0 i, A
1o DRI AT TR B ) B P U A A
2a 74 1E 2b, B 2b BAR HLIE 2248 5 T LA
TS CRAT 4, Rt )  ABAFAE P 7 TSR EE < 1), 28
it — BV A3 sCh,, T 2 238, 20K 0, P T 5
RIS I ATRTIAE 5, 2F 10 8500, WS I &
K 2) iy 3 4 B o) S*LyChyg, RO B 3 T
1, RGO B = H 20505 P55 52 I ) 7

()R SCAT TR BELE CRLPA B
B2 A e st A

Fig.2 Structure diagram of active damping

RS | RGN EEERIR 2 . A AW v,
() — B RS, B I o IR I A% F () B
fRA53) OCFAD J5 i, i 2¢ iz, B(s) Al
RIGHIfE bR . BEDE RS F(s) Mg s8N T X
ks
s+ w,

2k, w0, 53 0 IR A R T

F(s)7E R E S $°LCE, 230, BV - 75 5
B, 5 B sy — R 1807 AR AL HLX 2
TR S IEAT R s TR B, WU S A5 A R A T
T, W 3R o 51 F () BT AR 24 T $2 §iks
&, P IR 3 e AR B A T 5 14 2 4 ol Ao 3
PR, 18 4 f2 28 9 OCFAD 41 13 9% 5 B (s) Y
Bode &, IEPRIGE 2042k .

g 20r 1
= ]

F(s)=- (2)

10° 10" 10° 10°
B/ (rad-s™")

E3 Fs) s

Fig.3 Bode diagram of F(s)

10° 10' 10° 10° 10 10°
4%/ (rad s™")

4 R R
Fig.4 Resonance suppression effect
BEM w,(s) F o, (s) BUEL pRECH UGs) , A
P APF HL I AME IR A PR M , € (o) 2R LU A1 5
i B M ko DU, H B 2¢ 75 3 Eb
il s T B A% 326 BRI B
B kEU(s)G,(s)
)= 06 ()F(s) + 1 (3)
F AT R K UG IR 1, I
()W T B RS B G, (2) , SR e 2 i LA
by R FF R KA EL 1Y 2 SR P an 1] 5 s o 1]
P S SR RS B S BRI S 280k, R
AL £ AT AL, 24 k[0, 27N R R G fa 8 . 4%
5




WA 20255F H 554 5

WA A T IR LCLA ARG A 18k B AR DHAERF F F54

HE %l

K5 I RBLE
Fig.5 Open loop root locus

B 75 I8 APF PO BRER I8 2 FLIR I 75 2 L R GEAR
SEVE WUk, 2R 7.5, IR P 2 1 PR ERZ 32 R B

0.040782°+0.1412z+0.014 91z2~0.007 069
2.13z*-1.7382" +1.478z* - 0.855 7z+0.309
(4)

G3(Z)

3 BiEpDHOEREF x4

RC N AR 40 5] 6a /)N BE £R HE FIT 7~ , H: 2 3g 455 Y
G.()UWTF:

“T-700) (5)
Horr VSEHUF S AR 5 Q (2) 52 My B8, —
g AR D8 I g /N T A R — AR
H 02 B2 5 AR I RS P I B R A B i 1R 2
W, RCTEA BT, B Se 21 m— > 8 %
AT L(2) ABCGE BT 5 B (2) 76 i 45 B 10 52k
R KRG 5 HRGA B R IAR BB T T 2T
M B (2) L (2) 18 J8 A AR I, W] 6a K R4k
HEFF /R , G RC A% PR 7S N
z2V2"L(z)
G.(z)= 1= 0(2) (6)
G RCIA R G, (2) 5 C(2) IFBAEH T
B(z); I B 6b Y ERIRESH . ASCK G,,(2) 5 C(2)
SR I BRI 4wt , A5 2] SCHERILS T Y B+ T
T A R SRR R T 2 B AL R BR G, (2) (3
23 IRAM B A5 B 1 B (2) )M R A SCH & 536 Y
AT G, WK 6c FiR . C(2) SZERHE R P
HMERE G, (2) TEBE U AR M
3.1 AOAFDRCi%it
FESRIATT VAT BTN
V=M = e =114 - oNT. (7)
Al UL, LA 2R v A AR R T TIR 8 0k 2 it
GHA BT A SEEZ AR AR SCRE T IR DR
6

G, (z )

()P IR+ (IR )
Fl6 &G HE

Fig.6  Structure diagram of repetitive control
oK) JE T 78 0 P T A R I B /N BROIE IR i AT A
il o

I KA BRIERT M By IR JE U 8%, d, N
HREB . A==y H P N+M N
B HEBR AT , X=A-M N N B /INEGES 43, MR U8
PRI, 24 M-0.5<A<M+0.5(HI-0.5<X<0.5) i},
ZUEPE AR E o T 2 /INECE 38 B 75 (B4
GA(z)zz—A:z—(MJrX)) .

zfm +dlzf(mf])+...+dm7lzfl +dm

G4(z)= T

dz"+d, 2" "+ +d,z
(8)
FRAJE TIR P8 #e BT 58, nT e G, (2) O R

Bd, InF .

Ml A= M+i
d =(=1)" s 7 =1 ---M
e M et
(9)
!
. [M}z M!
m m!(M - m)!

B g MO RN, d, B9 R B 0 1 s, B
W EMBR, G, () BEST 2 (H R M2yt
i CRE BTG B SO, PR M=3,
IHA T AR 3 FraE i
P +dz v dy A dy y(k)
d,z” +d,z7 +d 2z + 1 B x(k)
(10)
SR D S R BT R, SR B B RS SE A , 0
Y TE LR 3 N P04 30 % 2 S R AE 2R 40 18] 7 i s
(i 2 i S ARER A 3 0 R 2, S 2 U Sk AR I

GS(Z):Z—(3+X) ~




WA F A T IREV 6 LCLA AR S Bk & AE N 3 aER & 324 wAAES 2025%F F555 5B

). kRt T 1§45 X=0.207 2, I A=3.207 2, 4% ] GRC J7
y(k)=dsx(k)+dyx(k=1)+d,x(k=2)+x(k=3)- BEE, NI A 199 F1201, Z0E N [/ NEGH 4Y o
diy(k=1)=dyy(k=2)~d,y(k=3) FEVL_EPIRMIET , 2 SR B R A =K
x(k=1)=x(k) AT (5) B A 1A B X L an i 8 (&1 9 i, i
x(k=2)=x(k-1) NPT Tk . PRI IR T 9 YRR I BT 1 75
: KA, 26 2 M H BRSO R BdE . mT L, 2400
y(k=1)=y(k) FARFE+0.3 Hz I, GRC J7 ik 414k o5 HLER e (6L i
y(k=2)=y(k-1) F% (£nx0.05) Hz (n ISP UCE) , IR 200 5247 /)N
: T8 L Bl 5 BT 4 5 ik 1 IR s 2 S SRR A AR R

(11) e BRI S RE SRS . AN SCHE GRC 6 I
Kk, w -8y (k) ,y (k=D F PR I HERN/NEEER , AT $ AR MERCR

PN ERT 2 ORISR | (h=1) U A B H 2R
N N N 100
B USRI -
*1 FEMERHESR £ sof
Tab.1  Coefficients under different M values
0
M=1 M=2 M=3 : : : :
-3.492 T T T ! Z)(;I)m
, 1-4 -2(4-2) -3(A-3) / P
d, - -7 g i o ~d ~d i A N T
1+4 A+l A+l T -3.528¢ 452.6999 1
(A-1)(A=2) 3(A=2)(A-3) = . ggéFDRC 4522613 ! :
4 0 (A+1)(A+2) (A+1)A+2) ZF -3.5641 1522 4524 4526 4528 ]
, . . S(A-1)(A-2)(4-3) el . . .
3 100 200 300 400 SOO(XIOJ)
(A+1)(A+2)(A+3) %z
AR - P8 A5 50.3 Ha 111 KT L

| | M order IIR

| I

Fig.8  Comparison of Bode plots at the frequency of 50.3 Hz

100
m
o4
pun
= 501
0 k.
-3.528
ol F : — - 447.7612
< S [ p— AOAFDRC
k= i H
= GRC H
ZE  -36r 4473001
_\J\I\J\!\[\4J%.3 3475 4417
_3.636L . . ) f J
100 200 300 400(x10%)

B/ Hz
K19 iiZ N 49.7 Hz BHAATE R
Fig.9 Comparison of Bode plots at the frequency of 49.7 Hz
F2 EREXTLE

&7 AOAFDRC S HLAEE] Tab.2  Comparison of resonance points Hz
F:ig.7 ]?iagram for AOAFDRC implementation H VR 1 3 5 7 17
Shy 84 5 A M 3T (LR M R -0.5<X<0.5, NOAT.

50.3 1509 251.499 352.099 855.099

I‘;’ééﬂiﬁ}’%‘éﬂn?: 1)&%]‘4(1[:':?‘73'%);2)*&%]\]: £=50.3 DRC

N +A=N+M+X i 5E N, , #1-0.5<X<0.5; 3) i & A=
GRC 50.251 150.753 251.256 351.758 854.271

Hz, Zefl #RAE(H 503 1509 2515 3521  855.1
N-N,, HRARX () s F 1115 d,;4) iz (1) Tonr

L U 17 (1 2 7y = SRl ]| T=100 MS( R £=10 a9 DRC 49.7  149.1 2485 347.901 844.901
kHz) ,o 0K £=50 Hz, % & M=3; >4 /=50.3 Hz i}, Ho Aifi FRASME 497 1491 2485 3479  844.9

N=198.807 2,4 N,=196, f#i 3 X=-0.192 8, IFi A= GRC 49751 149.253 248.756 348.258 445.771
2.807 2; 4 £=49.7 Hz Iif , N=201.207 2,4 N,=198, XFFE(8), H T IR 8 Ik #1625 0% B

7



WA 20255F H 554 5

WA A T IR LCLA ARG A 18k B AR DHAERF F F54

LR S MR . O PR TE R Ay 1Y)
SRR A L B A R AR R %
TARTE I 2t A B A SR A (B ANAR ) o 4 3R A
] 8, 41°F
6,(w)=~dey(w)/ldw (12)
KA o, (0) M (8) BYFH AT AT
B 10 25 H 7 20 (10) 76 -0.2<X<0.3 i () AH 457
FEME B 10a R A B Sk e 4% 25 Hi R AR (m/T,)
A —ALJ5 B ARRAA . R UL, AR A7 i 2R 7 e KA Rl
(AL N 80 3R 0 R L M — U pR B O ] R R AR SR
ANFIEIR 3+X) o 25420 (12) ] Al xR 7E 3 T
S RO T AN [R5 1) B AR AR 38 B 1] 6, AR AN
5 R MEARAL , % 1500 Hz(307K) LA B33
Iy A REA RG], BB R A K R
HE— 2 UE B T 7 77 VA R R APF X I A b 3

Bk,
0
~200
400 XiH-0.20%03 |
2 -600
= X=0.1
---------- X=0.2
- £
800 | _ ... X=0.3 “:;.
o~
— —-X=0 3500 Hz A\
-1000 — w— X=—().1 0.5f.
-— - -X:_()_2
~1200 : . -
0 0.2 0.4 0.6 0.8 1.0
I — {655 2/ Hz (x107)
() 301 3T Bl R 5 A0 A 435 2
0
—ie=. P10
g 50 |
@ P=7 P=6,7,10
E _jo0} | = = P=6 .
P=6.5 P=6.5
~150
1620
—~ 1260
> PHOEE]10
S 900
_%
540 U
180 .
10 10 10 10

4% /He
(b)ANTR] R AT HMEAA B AR AR

10 AR

Fig.10  Phase characteristics

3.2 #MESFEIT

S Q (2) BT i ZAH RS — i Rl I I 4% LA
PR MBI RRE R, T R

Q(z)=h,z"+h,+h,z (13)

Hr 2h, +h,=1

SR APF RE MR 30 YOI I, X Q(2)

8

fRIA 5 N 2 460 Haz, LA h,=0.15,,
FAMESR BT AP B, B S L(z) LA RD
£ G, () WA R M IR I G, (2) L (2) R AR A B 4
FRENFIH R RMERT 30 R K AR L(2)
P AT % 8 2 000 Hz 19 PY [ Butterworth {5
PR AT HAL 2 RN
(3.25z* + 132° + 19.52* + 13z + 3.25)x 107

I(z)=
(2) = 1.12° + 0.92 — 0.3z + 0.04

(14)
F: 26 VO TR 274 M G, (2) L(2) 1 BUHY
fi e AN ) PAEAMEE S A ZE P DU 10b, 4K,
PO AEL T HAERAS S R It , BOCRBLUF 19 13l 6~7
FZ W /INEC, an 6.5 40 . BEARTE R FH A 3G
WLTT R INEAA AT TR, AR IR A2 SR T
2B AR (10) iy 2 RS 21 /N EIGE i 248 19 3 AL
LIk
v Itaz +a,27 +a,z7

= = - (15)

-1 -2 -
a; ta,z taz tz

MRBFOTHE I EME 1 —F,
33 BEMESH
1K 6c FTHERS i) 2 4, O A1 BRA% 356 pRBCUN T -
LG 1+ 6u(2)]
C = L (6.0)
[2"L(z) + 2" = Q(2) |G5(z)

B TR TS
1N BB 2 = = 2 )

fRAK(16), 152 T
[2"L(2)Gs(z)+ 2" = Q(2)65(2)]1G,(z)
2+ [2L(2)G,(2) - Q(2)]164(2)
(17)
HR AR PR, R GE R 1 7853 55 A R =X
(17) AR AEAR 2 TSR 218 A (B 1<), BRI
AR
M+ [2"L(2)G,(2) - Q(2)]G,(2)=0 lz21<1(18)
X (1) B RGEAEE B S AT
G,u(2) =16,(2)0(2) — 2"L(2)G,(2)Gs(z)I < 1
(19)
H1 T Nyquist £ g BE(E TR #0050 3 4
M2k, A% SR F Nyquist {1 20X (19) 1 451402
AL o AR M w0 H O 3G /I 2225 28 0 ky
BCR /T B 7 2 1 28 G, (2) BY Nyquist [if]
2, 5 RS B B D) R 8 )RR AR 5 T
AV, RGEARAE o AN [] H R H AR I B

G()(z)=




WA, 5 R T IR

B LCLA A R E ik B A€ 8RR E 424

B A AR 20255F H 554 5

TS5 TR A R xSt an & 11a & 11b
SN N ESR  hvAm m R VAR IS ST TS B
Fa B 1Y B i A AR IR 2 i R e

1 1

05 Gre | 09 GRC
g £
-0.5 -0.5 :
AOAFDRC AOAFDRC
Lo 0 05 1 Lo 0 05 1
(a)HL R HL A 50.3 Hz (D) FlL A5 %49.7 Hz

BT RERTRROL A X
Fig.11 ~ Comparison of Nyquist diagram

4 45 H

fifi I Matlab 71T 2 5 L JRASE R AR 000 R A5 4L
FHF S-Function #E1 7B L 42 , %R A GRC 7 ik
FIAOAFDRC J5 (9 APF HEATXS LA EL, £ ES
Bk - B EL R 220 V/50 Hz, S RE FE 30 F0 T 6
9 T390 100 ps; u;=400 V, C,=2 000 wF, R=120
Q,C=1000 uF, L,=4 mH, L,=1 mH,r=0.1 Q,r,=
0.02 Q, C=7 pF; B8 F () N R B k=45, 0,=
14 079 rad/s; G,(2) BB AL M=3 .,

FE AR L M B 2 I P I B R IO Ok L SRS
SIS g A T L s 4 R AT B 4
A, 12 45 T o,k 55 Hz WA I A5 21 79 3
P BT B 3 YO e (o, T 1045, T
[f]) o BT UL, B ERAR A HLN, b 22 Fh8 R 4y
iﬁﬁi W“ﬁ%J%%EEEﬁ%ﬁE%Ek%&

Bl 12 AEZAE S B AY I I
Fig.12  Harmonics of nonlinear load

15 PR, o, B3 e A P Bl oA B B

A RO . T v, FAIE AR 50 Hz 7E 1=0.2 s

Jo B W AR AL A 55 Hz (IS B0/ B ), A7 %

He 0 B R GRC ] (N=182, ML B R 2"=2"

KA ;% FH AOAFDRC #53) GRALLIE Iz g8 19 &

BAELLIEE = /NG o I35 T

s B0 A 05 B | A48 H VR R T o, 25 R A MEE R
{}Iblzxfi“}lEﬁfllleo

[l 13a H1,6=0.2 s {ij , 50138 R 400 E , FMEAK
%a&ﬁ%o 1=0.2 s J& , B W25 0 55 Hz, GRC J7 ¥k =
H 5 VR /N Y1 ] g 25 L PO R B LA YRS
WA A IR ER R IS TR . BRER RS
RAETEFR A AR I AR AR AL HoA b Ty
) BR BRSO ASEAN K . K 13b 2R T AOAFDRC
T Wi AR A I A o A% BR A DT I B A /)
BUHEIR | 7 = 4 25 VIR A T AR 78 L I B ol AR
b IRERRCRRS A TR o 18 13¢ 8] 13d 4351
S HLIAL i B THD M2 R i 22 X LE e, P vk 4
FIE — A o ik R 15 22 M s ) £ FL Y THD
(R Pl 35 HiF B O 0, 79 THD K 53.6% ) , 3971 )7 7R 1%
2P A —E

I %]
~

0.18 0.19 020 0.21 022 0.23 0.24 0.25
t/s

(a)GRC 1%
30} ' '
>
]E 20
® 10f
0
< _
N 10 e
= —201 AR
-30¢ feir %)
0.18 0.19 020 021 022 023 024 025
t/s
(b)) HEAOAFDRC 1
s ey | S4f P Iy v
s THD=6.34% | & THD=3.16%
= =
) =
e |m2r
£, X
& & |
0 nllalls ll I.l | | l oln II-- II II.I ™
0 5 15 0 5 10 15 20
«BLY}\;*?S( TS L
(c)THD3 It
15F 15F
10f 10f
< 5- < 5¢
o0 pUGH]
5 5
-10f -10f
-15F -15F
0.18 020 022 024 0.18 020 022 024
t/s t/s
() i R B 152 2

13 HZA R s

Fig.13  Reference and feedback of currents
A
5 XKk

S BUETT R B R B T AN 6 kV A
AIREAL, IF BEAT 7 XF FE i, 151 14 S SE B AE ]
9



wAAES) 20255 HS55K H5H

WA A T IR LCLA ARG A 18k B AR DHAERF F F54

B T AR, S o A S RH 7 2k I T A
i & P+P>P,, 1E+% Chroma 61860 U4 B e, (¥
B SR B R AR A AL | 428 il S L 6 T T md
DSP Jts B TMS320F28335 52 8 o 7 % #% FH Tek-
tronic DPO2024 ; [§ B HL i 34892 A Tektronic A622;
H TR 22 7048 3k 4 ST-9110 ;3 3% 730 M HH Fluke 43B,
HEeZHIi S8 —3.

> > <
P, i P,
f}i" %Z; v || fea
Fg SR poiel L
s ‘P1 |P4
14 SLBIR

Fig.14 Experimental scheme

— MG BL T, APF J BT HRE L SO LAY
[ER W %NS VN Bl & S A S AN N R S CU R[]
PAIRERAE , APF AN B T By e 2 A TR e
2 RAME300 V, SRIE A NAM RS, ff APF TAE
T FE T XL L SRS I 247 T3 M0 i >4 400 Vo
F w, ST R R ST MR i T B DA IR
FE 15 TR o

o i
3!
] >! 4)%
i i . AI
@ 100my Joos J@® 7 33.2mv Jos3s22 )

B1S  ELVONH RS (e
Fig.15 DC side voltage variation process

& 16 45 it T HL AR A Ry 55 Hz I, GRC 5 1%
FEHIN R R EIE .t R 16a 7 & H R
GRC ¥l B, 6 8 S 0 1 I8 A M2 e 38 100 48 L 3L 4
J A v Ty A RVBC (R AME T THD 2R 61.3% , ) 2%
AR 0.73) , AR Z Ak S i IE 5% RS 55, U A H:
THD 4 8.43%. &l 17 f&/R T #H [ 45 2= T fifi
AOAFDRC J7 I LR IR . 51 16a %
Fb , B 17a 20 26 B3 0, 05 5% B A r ek 2, 45
THD 2 3.45% , & W AR L Pk 07 418 I 7E GRC U7
IR AR T 2P M

WL LR AE , R DSP B SPT ER 2 HL
P T o i 28 s BOE 22 Hh T AR I BDIE | B8 42
B BB AR . TR 16b B 17b R T ARl
il R, M LT 45 R i RIS A LA £, BT o
Al UL, GRC 77 1 F11 AOAFDRC 77 v % A 45 1 1
R A HL 1, FL S o I BRERR BE R o — Lk

10

200my
100mV

(x0.02)
750[
650,
550
450

20 60 100 140 180 220 260 300 340 380
SRAE A /ms (x0.1)
(b) ML IE 45 5 1, FIR 45t R T, 14 12 4
El16 GRC ik
Fig.16  The GRC method

T @ T )0ns 300000 g 7y <wom ]
100mY FEET [10:13:12

(o) A FEv, 2 B4 A2
0.02
o 908

700 i
500
300 f

< i [
B jgo| /| > /\ AP
£ 100// /\_///\_ j\ N /\ ] N

# 300
'fg -500
2 -700
-900
~1100

-1300

20 60 100 140 180 220 260 300 340 380
RRE AU ] /ms (x0.1)
(b)FME HL L 45 A i, LS 15 FL T, ) 132 5
Bl17 Jifd AOAFDRC J5 ik
Fig.17  Proposed AOAFDRC method

LI L B SR HIT AT SCP ROk AR TR
F14 670 B FRL UL £ R A AR AT — E R B TR
UL oA o S 42 ] e 7 B0, L m] RE AR 24 1
BRI R OR SO U R B AR E T 30, TRAE
B3RS, IR Seie SOR Bt — 25



ARG A FIR@#H M LCLE AR E A5k 2 & B HIER F 5 354

B A AR 20255F H 554 5

18 25 T FEAS [ i A HL FEABU R B, R FH T
P27 A GRC Jy 75 1 17F e L U THD X L ity
2k, 48~50 Hz iR AE L 25K 0 0.5 Hz, 50~55 Hz Jil
AR I 1 Hao AT, ABGE T I AE A L R0
WAV, ¥ i # E RE A BT T R, T4 D7 i XN
HOER B — 2 TG NV RE T A MERCRAT Tl

9

_a
—+— AOAFDRC B GRC f'

8

7

6

s
4\\25.(/
3 e—

2

1

0

48 48.5 49 495 50 51 52 53 54 55
4/ Hz
18 THD 4
Fig.18 Comparison of THD

EAF VLI A2 , AR GRC 7 I AR 1R 22 TE U
5 BRER S5 D7 IR 55 TAS SOk (B AR HoAy
JZ B R TR Z A . ARE
PR Sy LA I A BE DL T /INECHE 3R T A5 7 AR T B2
SEA SO T BB R 38 47, S BR p O 3 R Fl i
ZEI HZ AR, IO L ) R Gt 2 A R A
KRS INA . AT EAA A B # R R,
AL I ghr 2R A A 2 H T 2 0 in Ak B 13
CRVEE

6 4

AR SCAE i A YA TR REL JE A0 i LCLL B2 APF
IR UG (9 [R] N i AR B B 1 AR L TR o
FEREFERS L, BHx 552 Pl by 52 R AR AL R I
H BRIV SR A B R, 7 SR TR i
AR L BTN 8/ NESCHE IR H 2 45 il i 5 Tk
T /NG IR 38 3T 5 1 | I S BAE TR A
WY s e i A R A T ARG
PR FRENE . (5 BRI 45 R g Uk 1 A SCT 2
TR AT YRR R

THD/%

S 30k

(] FABE, AR DT (] [P, 2 LRI 2021 45 45 L i

X T R AR U5 R R (D). e AL TR 4, 2021, 41
(12):4033-4043.
WANG Weisheng, LIN Weifang, HE Guoqing, et al. Enlighten-
ment of 2021 Texas blackout to renewable energy development
in ChinalJ]. Proceedings of the CSEE, 2021, 41 (12) : 4033-
4043.

(2]

(3]

[4]

[5]

6l

(7]

(8]

91

[10

[t}

XUHE, BT, kA4, 45 . JF Y APF A He I U AR 26 P £
N 3 I HL i B R W IS (D). o e L T AR A
2011,31(27):21-28.

LIU Cong, DAI Ke, ZHANG Shuquan, et al. Harmonic current
amplification effect of voltage-source type nonlinear load under
compensation by shunt APF[J]. Proceedings of the CSEE,
2011,31(27):21-28.

SRARVL, ke . 2B, 4 BT LCLIRIE sy mifa s v s
IFIEAT UL IR AR T TR0, 2011, 26(6) : 137~
143.

ZHANG Dongjiang, QIU Zhiling, LI Yuling, et al. Shunt active
power filter with high steady-state performance based on LCL-
filter[J]. Transactions of China Electrotechnical Society, 2011,
26(6):137-143.

Mg, W G 4, A FE TR SO Y LCL B AT I8
H 3 R A AR R O R E S L) o R AL AR A
2017,37(7) :2057-2067.

YANG Jiagiang, YANG Lei,ZENG Zheng, et al. A current con-
trol method for LCL active power filters based on reduced order
generalized integrator[J]. Proceedings of the CSEE, 2017, 37
(7):2057-2067.

FIT, XV, AR, A L IR APE X 28 AR 2R 1 £ 3 1
BAMEREPERE S FL TR, 2013,28(9) : 79-85.

DAI Ke, LIU Cong, LI Yanlong, et al. Study on harmonic com-
pensation characteristics of shunt APF to two types of nonlinear
loads[J]. Transactions of China Electrotechnical Society, 2013,
28(9):79-85.

P -, BRI e R L O YA R R D B e B U
FERmEL] i RS E B4k, 2014,38(12) : 119-124,135.
XIAO Liping, TONG Chaonan, GAO Runquan. An improved
hysteretic current method for active power filter[J]. Automation
of Electric Power Systems,2014,38(12):119-124,135.
TSN TS, A, 55 A U ) DR AR A T LL
A% 9 LA B0 R 95 A SR BIE S (D). L R, 2019, 43(5)
1614-1623.

ZHANG Maosong, CHI Bangxiu, LI Jiawang, et al. Study on
quasi-PR current coordinated control for active power filter[J].
Power System Technology,2019,43(5):1614-1623.

PEDRO Rodriguez, ALVARO Luna, IGNACIO Candela, et al.
Multiresonant frequency-locked loop for grid synchronization of
power converters under distorted grid conditions[J]. TEEE
Transactions on Industrial Electronics,2011,58(1):127-138.
WEBLSE 1 0 7R, 3KOBT 1] . QPR 28 ) #8200 72 37 48 55 el 1)
AR ST R REIALT. AR 80,2020, 50(2) : 2834,

HUANG Xianlian, FENG Xiangdong, ZHANG Xinwen. The ef-
fect of the quasi proportional resonant controller’ parameters on
the adaptability of the converter to the weak grid[J]. Electric
Drive,2020,50(2) :28-34.

W IEZR W T A s ST IR IDAT R IR VM g 7
[J]. #5f% 58,2022, 52(12) : 27-80.

YANG Zhengdong, SHI Haobo. Harmonic compensation meth-
od of shunt active power filter under extreme load[J]. Electric

11



wAAES) 20255 HS55K H5H

WA A T IR LCLA ARG A 18k B AR DHAERF F F54

Drive,2022,52(12) :27-80.

(11] 230, ke B RURARE, 45 25 JEIR i 22 1A B A5 [R] A0 A A

TR BT AR 24,2021, 36(19) : 4060-4069.

LI Wenfan, ZHANG Guogang, CHEN Muli, et al. Dynamic syn-
chrophasor estimator considering frequency deviation[J]. Tran-
sactions of China Electrotechnical Society, 2021, 36 (19) :
4060-40609.

[12] ABUSARA M, SHARKH S, ZANCHETTA P. Adaptive repeti-

tive control with feedforward scheme for grid-connected inver-

ters[J]. IET Power Electronics,2015,8(8):1403-1410.

[13] WP, B0, =0, A5 ST ISR SRR i

TR L LA SRS . R T AR 2441, 2013,28(9) :65-72.

XIE Chuan, HE Chao, YAN Hui, et al. Selective harmonic cur-
rent control strategy based on frequency adaptive generalized
integrators[J]. Transactions of China Electrotechnical Society,

2013,28(9):65-72.

[14] OLM J M,RAMOS G A,CASTELLO R, et al. Stability analysis

of digital repetitive control systems under time-varying sam-
pling period[J]. IET Control Theory and Applications, 2011, 5
(1):29-37.

[15] YE Y,ZHANG B,ZHOU K, et al. High-performance cascade-

type repetitive controller for CVCF PWM inverter: analysis and
design[J]. IET Electric Power Applications, 2007, 1(1) : 112—
118.

[16] HERRAN M A, FISHER J R, GONZALEZ S A, et al. Repeti-

tive control with adaptive sampling frequency for wind power
generation systems[J]. IEEE Journal of Emerging and Selected

Topics in Power Electronics,2014,2(1) : 58-69.

(171 209, Wef X1, 58 . 5 B TR AR 22 A JF 19 39022

ZNEEZ R B RGeS, 2016,44(21)
144-149.
JIANG Yiming, YAO Juntao, LIU Fei, et al. A multi-internal-

model repetitive control for grid-connected inverter considering

12

[18]

[19]

[20]

[21]

[22]

[23]

[24]

grid-frequency deviation[J]. Power System Protection and Con-
trol,2016,44(21) : 144-149.

JU Jialing, LIU Bin, LI Jun, et al. On-line adaptive repetitive
controller for power factor correction systems|J]. Journal of
Shanghai Jiaotong University,2016,21(3) :263-269.
VERRELLI C M, PATRIZIO S, TOMEI P, et al. Linear repeti-
tive learning controls for robotic manipulators by Padé approxi-
mants[J]. IEEE Transactions on Control Systems Technology,
2015,23(5) :2063-2070.

ASBAFKAN A , MIRZAEEIAN B , NIROOMAND M , et al.
Frequency adaptive repetitive control of grid connected inver-
ter for wind turbine applications[C]//Electrical Engineering,
IEEE,2013.

FRAS, SR AE I BRI, 2 | — T A AR AR A0 B 4 A I 1)
A A A B R A P D TR (). L TR AR A, 2014,
29(6) :64-70.

CHEN Dong, ZHANG Junming, QIAN Zhaoming, et al. An im-
proved repetitive control scheme for grid-connected inverter
with frequency-varying adaptability[J]. Proceeding of the CSEE,
2014,29(6) :64-70.

LI L L, CHEN Z Z, APHALE S S, et al. Fractional repetitive
control of nanopositioning stages for high-speed scanning using
low-pass FIR variable fractional delay filter[J]. TEEE/ASME
Transactions on Mechatronics,2020,25(2) :547-557.

FENG Zhao, MING Min, LING Jie, et al. Fractional delay filter
based repetitive control for precision tracking: design and appli-
cation to a piezoelectric nanopositioning stage[J]. Mechanical
Systems and Signal Processing,2021,164(8):1-15.
WILLIAMS A B, TAYLOR F ]. Electronic filter design hand-
book[M]. Chicago: McGraw-Hill Professional , 2006.

Wk H 1 - 2024-01-20
&R H 1 :2024-02-20



