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A decoupling discrete-time control methodology applied to shunt active power filter

WANG Hui, DUAN Yu-bing, GONG Yu-lei, LI Qing-min
(School of Electrical Engineering, Shandong University, Jinan 250061, China)

Abstract: To achieve a preferable solution to three-phase current coupling in shunt active power filter (APF) , a decoupling
discrete-time current control methodology is presented based on the detection algorithms for instantaneous reactive power and
harmonics. With integration of a-f3 transform plus two independent current controllers, the proposed methodology can effectively
implement decoupling control of the three-phase currents within a three-wire system, which can thereby eliminate the impact from the
neutral-point voltage, with unique advantages of digital realization and reduced computation power. Both theoretical deduction and
simulations demonstrate the effectiveness and feasibility of the methodology.

This work is supported by the National Natural Science Foundation of China(No.50807033)and National Natural Science
Foundation of Shandong Province(No.Y2007F57).

Key words: decoupling; harmonics and reactive power; active power filter; discrete-time control; o~ transform

hE T TMT761 SCHERFRIRAG: A YHEHT:  1674-3415(2010)11-0048-07
0 B|= TEFFIR B IE H R A b b, T =AY
(=

el R0, AR A A, F i S

A Y5 I A Ay VI A R T T A M
HUTFB, HErgh) oy, fEGE. HA
SERIE TAVE R )2 T B R 0 84N A2 7356
031, APF HRKERIAK, SHBLT Z M
ghk, R RS R A RS, JEIAL APF 46
Je N T ) SR, A T REARIa B At 9
IRV Y5 el e 2 (APF) , HAg a1l
BRTH W N PSS 5, AT S AR R RN AR AL )
W IR R M, HEREEHIR S HEE S
A9 4 11 7 2 0 ) T U ) I U s 2 T 1 O
(.

HEWE: BRAAAFLASFIHRE (50807033) ; LA
BB R R A KB E (Y2007F57)

FATRGAN LI AT =M =2 R 5+,
AR Z AT AERR 5 OC R IMAH B2, DA At B
I SE B AT PN TR . AT R GE R ARRS
MRARGE, —AHA S UEANRIRR, AL v P 2 A ) F
JeJRE M LR PRI, SR WFSTAER = A =
ZEIFIRMY APF (¥ HLL I AR A 7 1 i) 7L

HR, JFIHC APF (Ml R IS A 8 d-q Jige
MFRAR AT, K = A APF B B 5
MFD R AARR R d-q N REAT MR R ], XA
FERI DL RUEAZ B D) BB 5 I, (H— B RS
itk SO R AR 0 AR G550 APF [ i UK,
HARZ &P R i I IR W o SCRR[14-157RF = 4H
APF B AR 3 1 5 1 ARAR Ra—BIk T, fEa-pldi
BOV AR AR R D, SEBL TR XA



b T IR TRAT Y58 P, 3 R o 1) 8 AR AR 472 1 7 V5 -49 -

P s o, (E N T AR S,
PE 5 H PR (R 5

E =M bR R, ST HRR S, A=A
Pethlas . Akagi 2 H I IS JC D 3 I A AR AR
W ZAHAR R R fa-pAAKR B, AL T APF il Ez
AT AR EA I, Pz BT APF [94E 4
HLR A, (E AR FR s I N T IR B 2 zlii
BEXT A =2 I APF 245, 00T 7t T F i
A 5| R AR R R T LR R K S, RN
Tl IR I ) 5 I E AR I S vk Rty LS, A
T —FifEa-BAAAR R —AH = £ HF LY APF E’J%ﬁﬁt
L AR ) T R o B = AR A R AR e C,
3 5a-BIRIK APF S B, SRR T
(RIS, 2R 1T A o Bask Hh A1) FH A /42 1) 8 S B —AH
ZE I APF [ HL I AR AR

1 -—*H EE:I)IL%%ART EE.I)IL*I%'J E,] r]

XA =2 IR APF R4 (K1 )
Bl ke () MR Y iR G AR,

IR e

AR Y JERTTAD 5 (b) AR, H
L FR; () LREEPUIE AR RN, 7T 20

(d) APF —AHfrth dk L I FR CZmg U B
(R AR PN FRIN,  FYR AT L AT
Ug, +ug +ug, =Au+0 (D
ARSI, Wug, +ug, +ug, = Au =
0. XTL&HIE, f:

u, +u, +u, =0 (2)
ﬁl:':]: uab‘ ubc‘ %%Uﬁ%%ﬁ%gé%}%‘o
s A g T
Loy

Dm
Ly Ly- LR S, S3 S
! - -+
ini iy in¢ R c
I »
Upc iy
C)
’

APF
B 1 FHEKEFR %ﬁi}flﬁﬁ%%#’]
Fig.1 Typical configuration of shunt APF

L
1n
1N

SR FE 2R R S S a AR T RN -
diy, ,
L d; =g, — R, =t — 1ty (3)

# (P, Py p.) € (0,1) 2350 IF 55 S1. 82 55 83

I OOIRAS, 4 1 Ron LTSSl CRME
ORI, 14 0 FoR FHVE O3l (LMY T
KD, % S1 M S2 KM, p, =1H
U, =u,: % S2 Flim S1 KK, p =0H

uaN :Oo .[H:’ uaN :chpa’ ﬁ (3) E&Ej"j:

di,
Ly dFt =ug, — Rl, —upep, —thyy (4D
[FEE, w15 b A, c AHJ7RE:
di
Ly d_};b =Ug, — Rgig, —Upcpy —Uy, (5D
di
L, (;;c =ug, — Rlg, —upep, —tty, (6)

s Gy o iy s B A APF =AML G, , gy, 1g, H
ERER UL Uy, Uy Uy 9 APF AR N R HE HE
Fs u, A APF ELSMALE; o  O N s = Al
PR e R LS o

X RGN -
Ip, *ig, i, =0 7
I, tig, +ig, =0 (8)
Ik, BRAZTRE (4) ~ (7) AT
(s, = Ryls, —tpe Py —Uyg) +
(g, — Rl —Upc P, —Ung) + (D
(us, = Rels, —Upe P — ) =0
il (1) ~ (8) PG F:
Uy, :éAu—u%(pa +p,+p.) (1O

B (100 AR @) ~ (6), BRI HE

di, 1
L=y R.i u —Au
f dt Sa S*Sa Ca 3
diy, . 1
—=u R u —Au (1D
f dt Sb S*Sb Cb
di 1
L —Lt =y —Ri. —u.——Au
f dt Sc S*Sc Cc

e U, Uy, U, AR :
Ue, =Upc(2p, — Py — D, )/3
Ue, =Upe (=P, +2p, —P)[3 (12
Ue, =Upe (=P, — P, +2p, )/3
M HJE TR, ug, +ug, +ug, =Au=0,
APF gt s (13),



250- U RS R R

di )
Ly dI;a = ug, — Rylg, —u,
diy,
Li— ar _”Sb Rig, —ug, (13)
di .
Lf d];C = uSc _RSlSc uCc
B, TR AN E, FIREEAR T
Hh L AN TR ﬁﬁﬂ?xﬁﬂ/\éﬁ, HRP

ML BRI T A A 2 SR, i
PRI RSS2 B B 2. 3 40 BIL T R RRAR
HFRRG MR, A MBI A M
JR RS i, MBI, WIFBIR A T PID #.
B2, AR b R T R RS,
E3¢,%AmwmﬁW%Tinm@TZWKﬁ

PRI . MEDTEH R LUE H, TXﬂ RS R
EREF R 28K

B bl ) R, A S S U G T FL A
MEEA LS, R PR, fEo-plEih sLl =
AH =2k APF WLy Bl AR 77 %8, CAVH B —AHTE 1

ey

o
300-00\1521Vstsc
200.00 //\f\ A\ \ /\/\ ,\ \ / /\(\ \
100004 f K ‘ \ \\/

0.00/ /414 / \ ‘ / \ “
-100.00 LAY \f /\/ \ A A/ \/\
-200.00 NAAA /\/ LY \/N \/\/ \/\/ AVAVAVAY
-300.00 .
150.001*La i_sa
100.00

ARARA /“\ /\ AR AN

i
5000 \‘/f\:,” ‘\f vo f\“\‘\\/} W
o000 Y MY t,/ V/ ViYoo) M/
-150.00
0.02 0.05 0.08 0.11 0.14 0.17 0.20

t/s

B 2 ZtEXFRAR LG APF KT

Fig.2 Waveforms of shunt APF in symmetric system
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Fig.3 Waveforms of shunt APF in asymmetric system
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Fig.4 Schematic diagram of the current control of APF
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