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Equivalence Principle of Current Control for Shunt Active Power Filters
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ABSTRACT: Two main types of schemes are used in shunt
Active Power Filters (APF) control: the conventional control
scheme which is based on detecting and calculating the
harmonic and reactive currents of nonlinear loads, and the
direct ac main current control scheme which does not require
the harmonic and reactive currents to be sensed and computed.
This paper analyzes and demonstrates the inherent relations
between the two types of control schemes and concludes that
they are equivaent for current control. A new control scheme
based on this conclusion is proposed and discussed, and the
harmonic and reactive currents signd calculaed in a
conventional APF is found to behave as just a feed-forward
signal in the proposed APF control scheme. An in-depth
analysis shows that the proposed control scheme is a low-cost
but high-performance solution for power quality control, and
that this scheme needs only one ac current sensor to sense the
ac main current, and one dc voltage sensor to sense the dc
capacitor voltage. A prototype was developed to demonstrate
the performance of the proposed APF and the finding are well
supported by the experimental results.

KEY WORDS: power €ectronics; active power filter;
equivaence principle; current control; harmonic and reactive
currents

FEE: VRGN HTRIRIE T T S 0l ik 5 0T A A 1 -
T V50 B I8 e (APR) AN R i T e il 1) APF 42
TR Z MR AERRR, 5 H A st R Ssox—&
ek, AIEET LRSRURFLR APF BRI R, %
T RIS T 3R b, AR APF ARSI ST
AU S JC T B sl ik A T RIS S T 0T T T
E LG E IR R, i REW: Agetshlr &
FRR I R Sh RIS 5 U APF LI R Al I AT 3R
PR B TE I — TR E S B TR TR RMET — B
FHAPF SEIGFENL, S25085 RIAIE TIZSCE R FIFTHETT 210
TR RI A R

KR T AT e R A, SRR R
WS TC T HL

0 3lF

1976 4, Gyugyi % A$&H T KA PWM(pulse
width modulati on) 2 il 42 ¥t % A4 18 14 A U L D 98
52 (active power filter, APF)™M, #1377 APF (158 5 Mk
TR LR PR D S5 R 2 20 4 80 AEAR LK,
H TR ) 2 SRR L, DU H AR 2R
ARZEIC(H. Akagi) 1935 T 5% B T Dh I R B8 I 1 I
RS e i, APF HLLEKRE. B4
ik, APFATYER 2 L ) F R AR AU R A S
Z

XTI APF IS, KHERBEE FHAE 1B 5 1)
RN S0 BB U R AL S APF #5RT
W IR T S A S (1PN S e R n D!
APF 7K, PRI AT AT ZR ATV A 48
W SRS — R YL, IEEHTG AT
SR e R[] P I T X AR T
SR, HUR DA HOE$E MR IR s g il A ¢
(1) APF FE LR 2 TR R 2R R0 X 501, 3K 1 2 A SO
TR N 2.

AL MARGEAPFEEHI T S A, 1B IE T FEYR
AT X S AL G APFEE )7 UAE W ) b e
AR, FEHE T IR A UR B T APFE
W, i T RS5ER T EZ MR

1 BiRENEKFMEENRE

1R IFIRIY APF [RBEA U BIARE F o JLAH I
B AR DA i BT DRI o
2 APF Bt —A 5 R i A BRI B I, UJH

PDF SCHF#H] "pdfFactory Pro™ X AL www. Fineprint.com.cn



http://www.fineprint.com.cn

45 15 111 F

JFIRTAT Y58 FL g D FEL AL T ) 25 R B 41

PRI i ot DR BB I B AT T i
iro XL S APFISEAMS R . B3R R ]
R R — A A

i =i, +i, D
i =iy Fig, (2
2 I ==l (€©)
) i =iy 4

AR, APF IR HEE ) AU e S AER RS
G R S TS ) HL UL

iS

b
= ||

TRIE P B APF SR 3K
1 APF iR MzRIZHEE
Fig. 1 Harmonic currents compensation for APF

SR, A3 2550 1) 7 22 =0 (3) Fi i (4)
NG As, BT, g R R i Ry SR I
WA Thor & e U APF (P4 e FAR S (M2 i
BT ine SAEG0IT AR, 1225 AN FAS
GO IR H A, TSI 47 2 F IR 1 R i
o M2 b, HF APF ELUUON i SR AS b ri 7 a4
£, AERRASIT APF H RIS sl & i sl 0 2 F it
(X HL 206 T APF A S RFE) , Jf IR 245
I bR A R LA SE A TR, X, HRE
HLJE IR 2 FRLR AR DG 28 T Eh LR Pl iR e, 3
WA AT H APF L 000 H e PR s ol s 1 i o ez
AT SHEARE AR TG 75 A0 I 97 28 1) B LA e

B2 R PP A DR B, ] JRE G i i
T Ty F AT U FH BT SR ) — R VBRI {H 7]
R SRS s W A5 T s 2 il 5L 4
APF St s s il 2 [ TE AR R ?

2 APF BfizH| 5 iR IR is I E

KEHE, APF ARG IFAZ DI IER S
AT LU A R AN FR D 3R T O HL e A A i e
JERVIE S} ONCEN S SR B DU SR SR e WA R
1, DR G Y PR R R e AT T O I IR 22
gr, RXFIRZERL APF AT, ATTRERGHEER, &5
TFRAR . S AR R DL LR v R A%
K. W

i, =i, +Di, (5

i, =i +Di (6)
A gy i ATDI 2 A APF it A SE BRI
T2 LA i, TP IF R ZE WU iy i DI 43031
AT SE PR FLUE S FE FIRLAT i PR TR R 22

SRS
2 JE MR AL g4l = APF IR EURRK
W R £ K
—. APE
u, i L

= I
L.
ULE oy et B
+ v 571
% ety o

2 1845 APF 1| R ERAE &
Fig. 2 Conventional control scheme of APF

P, APF BN R A H s U SR PR 2 ),
U e (U R T R b ug Z 08D . IX L
HL P 92 ) s A v o BB - B 20 (P R Y s, A
DI A4 APF A7 Dy MLy i 5 s i, 3o il A e
Dtk iz S APF LR {8, APF 1)
PWM T 545 5 1 B3 1@ 2 {8 D Gk v 42 1 4
PR A TAET LIRS, R A TE T R
ST BAR T, Jf H APF BT ik, R
LIV ibE Pt ok it = A MG N Do) 95 s e R
Ay, B =<0, FaAIMNA TR RED =0, 1l
PRI AR SIS Sk s R
ROV ik, AR, X R i
il e . K 302 APF i ILas . B, i
iy FoR PO SR D At B R
Wi, B DR U, A
is* :iLf :iL - iLh :iL +ic* (7)
Kl 4 7 &l 3R] 1.7ms Zc4q 1) JR 8 TBOR 1
MR A H— P RIS, A Y U
TFRRZES APF HIRITOCURZEAHAE, A
Di, =Di, (8)
AR FR SRR, W) APF HIGEZE D sl Al
LRI 53 b —Fh 703k 43,  RIVaT U] s s R it 2
Di, BULE
Hewz, BB RARN(@)IFFAMERFZNEM : KX (5)
MERAKX(T), 13
is =i, +i; +(Di - Di;) (9)
A 1, RTS8 L.
XU, AL SRS APF FiE4 FiRE

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

42 O L

T B % Wk

26 %

ORI APF BRI (RS 2 s R 22 DI, 1M
Al YR R R A A, S H YR A i 2 22
55, Nk, RS APF 266172001 APF L,
A, P RE R kel R, I H L EER A R )
LR AR 4 A48 APF L4 IR FL i P 48 I
PR, L IR AR [R], DR =3 v g
IR ISP EE R — N XU e
W SR

10
<9

-10
< 10

- 10
10

i¢/A

-10
10 [——

-10

10

iJA

i/A

%

-10
10

T
|

-10
10

T
|

1% 4 8 2 16 tms
& 3 %4 APF RYIBIBHME R T
Fig. 3 Theoretical compensation results of
conventional APF

P A -

E’ (0] S e et A I e g e e e e
[a]

0515 17 2.1 t/ms

19
4 3 BIFERRUK K
Fig. 4 Local zoomin for Fig. 3

FEARSEI) APF RE R, SR E, &
SIS, R w7 i A APF R, 1 T D 2
il APF IRERIRA M, B, R EE PRSI
APF [f% R T B LR 0%, (s L,
CHEAENERRR . BRI AR R A
Ji AT REANA], (H % AT R R % DI, A Dig A
UHEARTA .

3 ETRIUEHIZEMRER APF R4

B RIS AU HT B APF R St
B 5 fron. K, 4 SIN BT, S5 HIE

b u, AR S R (O LE R (5, 0% S
BRI P G B R 435, ELIAL 0 HLEE PR P
BN TRLL SRR IS A5 5. (1]
RERWAT S, T RS R, APF ]
A B AT 26152 DI,

WP

HLR

5 ETHEHSSREMHE APFIZHAER
Fig. 5 Proposed control scheme of APF based on the
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