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Control strategy study of single-phase parallel active power filter
based on inverse system method
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Abstract: The single-phase parallel active power filter is a coupled nonlinear system. Firstly, the system period averaging model is
established based on Kirchhoff’s law,then it is rebuilt at some neighborhood of the equilibrium manifold with respect to system
states.And a coupled pseudo-linear model is given with feedback linearization based on the inverse system method. Finally, a linear
quadratic optimal controller is designed to meet some performance target in terms of the pseudo-linear system. Simulation experiment

verifies the controller not only ensures the stability of the close-loop system,but also owns an effective dynamic compensation.

Simulation results illustrate the feasibility and validity of the proposed control strategy.
This project is supported by Key Project of National Natural Science Foundation of China(No.60433050).

Key words: parallel active power filter;

*Eﬁ%%:TMM;Tm3 THERFRIEG: A

0 3§

FEEM A FHM4 5 BB TFERTE M,
BAORGTEENBHME™E. FIHEBEHEES
APF (Active Power Filter) LA R 37 8 1 RE L H
R FL P 95 T AR B — o g e B, B E
35 B B YR FB T IR UK 8% SAPF (Series APF)FIFFEX
FFEH Sk 28 PAPF (Parallel APF), Fi&EEH
TIMERFAHEERE, FEXEHTMEREHER
WA, IR IIREESFIE, 3B PAPF bl h
RER. BEANEHEEEEEY.

HE R THHEBESNMRAES, FERTH
BRI S TS HI SRR % 5 H . APF RS

HEmH: BRAARFZRALESRE (60433050)

inverse system method;

NEHT:

feedback linearization; optimization control

1003-4897(2008)06-0051-04

WKL HMERAG—EET %, MAREEBIFRE
i B9 388 5 7 SR FH 05 — e % 4 9 45 1 O AR S U AR
R, HULTT182) APF RIS R MR FFHATIRHIEK
BXBEST. APF HHZHI I Rt ptE e e/, B
WM EREECLRE T EMARANESTTE, 8
LR FEH. WA EREH . ERREEH
BT RV BERY HOE AR IR TTIRIEE
Hl. BRIl BIUIEK. MEMgEsEY.
SCRR[SISR H T 2 T 5 A1) APF JUFA4% 50K
SCHRI6)R PR N T AR YR B 8 28
RPEHRES S HEUAT A BRENBENE
B, SCER[71M EURME B N A T BREY APF, H
EHIRT LMER GRS RFHREEME BT,

SCER[S~7) R I8 Wit R T M E RS
BB ASERET Y, BRTIRREEHTE.


http://www.cqvip.com

-52-

£ 000 http://www.cqvip.com|

e

XER[8~101 BB TH B ezl rid:, RedEFrEar
BB, RAaZBRANRNINE, HHT
HEWAE APF F N B ERI ST EL, M
IR SER] . BT UAASCE B4R 4 PAPF FES
FAREIMERY, BT RS R AR A L
M RGEHAT RIREHERGH BRI L RS,
REXRAEHE _—RUBREH TERUT THE—E
PERETEFFIIISHIEE . ZIBHI AR R, BE RN,
ST EBHRERE. (TESRIEHE T A
BB REAE M.

1 48 APF BTS RR G R BIFRE

1.1 RELEBFEE
B BRI B DI SN S NER, W
B 1 B,

RY ~+

[,

iL
J}ﬁ‘lﬁ]

HBIGBT 2
PWM "
Tk Y
W% *’Ei 1 #w
TEg% 18

APF

B 1 fRRhRESREHTER
Fig.1 Structure of APF

B 1 FT %0840 APF & sl aME o B S
BABHEEAMERIERIE S RN, RELEGE
U E A TR TOA I A SR T I R, AE R
PWM #%][E] B R Y B SLBUY SE R e AR T2, &
JE B R RS R 2 O [ i 77 A S o o B M FRLA

T
:j%ﬁﬁﬁﬁ %fsf

B 2 PFEER APF RIZMAE
Fig.2 Schematic diagram of single-phase parallel APF

B 2 Fin R AR A IR E A S R A, Hp
u RFRYREETTRAR, SR r RS
KEAFE. B VGRS, Tl LI
BEMBEIH - NERERE LR, e hlkgs
4 L P e A B B AR B B i R e S R Tl el
W R, B EIEAN I RITEM S-S TS

KT, SRR AME R IR TR S L . i T
NG LR LB s M R R BB R A
EZENSE, W@ T 85 R E755.
1.2 #EFTRIEE
FH B 2 BTSSR A B R FE D SR U 88 Y R B
) Ritly s P
di

L—=—r-i —d-u, +u

dt (3 de S (1)
cYe o4

dr

He:d ARHERET, u =U, sin(ax +9) HHBIE
MRHW, U, ARIEH.
FH R YR 7 UEVE 28 M B R R G
R A SRR EE S8, B 5 R aERMAL.
B RGAME E PSR, NIHE:
i, =1_sin(ar + @) 2
o AWEM R RN, HigETET T2
A3
Iy =k, g ~ U+ k, (= Ut 3
Hey AERNBEEFBRESEME. BQ)TiH
REHmPEERERE, FEMNIERLATI®R
RPEESHE, B
i =i —i @
WIES EICER (1], A E RS IMEE A
APF [(IZHIE, SENTEN: HRFEIMZERE
FHEENHEARQ), MEERABREHE,
APF 7 —/> T 4R # ve i tH L IR e, XTRY ) PWM fik
%R D(r), FRAHAM APF RANFETHE, KR
A
Vo ={(DO, LN @D @) =0,re R} ()

@ HRMPT3T IR ERR, b FE RSN

HER:

%y% ©)
B P& R AR R REEBE(OWETREE

H, SHOREN: x =i - x=u, —uy: ZH

#Nk: u=d-D, WEHERGHRE:

Dt)=(u,—r-i.—L-

_r Dl |
i=| Lo Ll L )
D i,
. 0 <
C C
y=[l 0]x

2 EHISEET


http://www.cqvip.com

P 000 http://www.cqvip.com|

EFE, F  ETURKTER R APF 2R -53-

2.1 BETHERRHZHRIREMEN

BRI PERETE RS EGRBIK
(DA APF SR M RGBT, ASCRAE R
EHE R SRS RIETER[12] KK
Bk, kST R

.. r D u
yEh=-rx T h U @
Bp u=ra=Dx Ly (9)
udc

BEERFHERFENM, RELo=1HGEL.
2 5= ROOHTRERHR, IRBERREA:
u=_Ta=Dx,-Lp (10)
Uy
2.2 M RBRKIERSREIT
FHYEREERWEMBRINIEEREZ)E,
FAT ORI 2 D2 R e R K e M 43 1 SR mE SR R
THEHIES . ASCRH kBB IE R0 i T AR
APF &ML AT, EA MR iR &£
MERE, JFEeALEAELM TR, EEARBARL R
F—MEETH.
£ZERE) 9). 105N, ZWEEREHR
A EFIERN:

amn

AR 1T
I n
= Q

Hep: X ARERE
BoTE KR AR A0 T AR B AR R AR/
.

1
=2 [ ey +o' Rt (12)

Q F R 73 5| & Xt i AR T AN\ R & 1 IAUE RE
B#0Q0"=020, R"=R. BN HIELT5, &
RIEHIRER -

p=-Kx (13)

INA R K e B RT3 R 45 B BB I B FRAR A,

M ER G EH LSRN RS, A3
g =[3]> R=[1)> YA Matlab ' Iqr R¥CR LI
HIRRHIKRE, TR RBEEIEN:

p=-1.732% (14)

3 {FEMR

R AE AR SCAT RV ok BB AR 28 B 45 o
R, W AR BR APF R ZLE Matlab SRAFFRIE T 2t
TFESER . MASHEREDT. BFEBRER
u=20V, FHHRERK,=3Q,L=10mH, HA

M2 C,, =4000 uF, HBESEMH AU, =500.
LM AFEAREIER BIWR 1 Fir.
F1BRAR
Tab.1 Harmonic current
WH n 3 7 9 1 7.2 9.6
HI/A 3 2 1 03 05 05
A5 B B A T IR FR YR HB I 5 S B R R
BUEREE, BETIARE ARG)REFEAMER RSB
WHIEE .
SR IR B AME B SRR AN TR,
M =0 HRIFF AT AME IS ST AR . B 3 KR
YRR u AR EXKE, THE.

400 — - —

200

uN

0

-200

-400

0 0.05 0.1 0.15
t/s

B3 REBERER
Fig.3 System voltage waveform

4 4 PAPF $t NIZAT BT R 40 B IR B U B A 4
. B =015 NI AEBREERWN, BERT
SAEERERMAR RN 27.37%. B 5 4 APF &
HAMZ B i B, AFEARBRRTMIEES BN
WRBEFRE BRI S. B 6 AFMEFHBER
G RAB BRI 2T, 7T LLE H M =0 B %I
FFih K 1=0.15 MZI B R EBUZ G, REHRFY
AT 2~3 MR HATRS, AiMEEREEHE
REXE 2. 24%.

20

i/

0

-20

0.1 015 02 025
t/s
Fundamental (50Hz) =20, THD=27. 37%

0.3 035

30—

20

1lddd

0

Mag (% of Fundamental)

B 4 :MERTRFRRIRMRIIE
Fig.4 System current waveform and spectrum

before compensation


http://www.cqvip.com

-54.

£ 000 http://www.cqvip.com|

e

20

i/
<

0 0.1 0.2 0.3
t/s

5 APF #Mz BRI
Fig.5 Compensate current waveform of APF

/A

40 .
0.05 0.1 0.15 0.2 0.25 0.3
t/s
100 Fundamental (50Hz) =18. 92, THD=2. 24%

Mag (% of Fundamental)
w
<

0 0 200 400 600 800

f/Hz
6 *MEE ARG IR &ML
Fig.6 System current waveform and spectrum

after compensation

HE 7 TARSHERMEEBRE u EAXR
FriEE. B84 TAMERE RA AR EIEX
b, ATUE NS MERR R IF.

550 1
i, 500 /M\\\\_,W
=

450

4005 0.1 0.2 03 04

t/s

7 ERW R BERE

Fig.7 Capacitance voltage waveform

8 #MEAIE RGBTt

Fig.8 Contrast of system current before and after compensation
4 4k
AXETFERBMEREITERE T B

APF HIFBRAAERM RS, HE T ZEHREEAE
W TEM —REBRIEHE BT EEETUES,
ZRHIRTE 23 NMABAKEAERN 27, 37%
ARG B RAME R B B TE LA HIHB Y, 3
BEABRBERRETMR, (a7 ZBRER IS
EHERENTRSIME, BARFNBREERNZS
RS, TG4 R R I A ST 41 88 v LURAE
APF $RULIIAME B IR i B0 HUE HER Hh IR B A MR
AES e, FAEFRBRETUNIFES RIFHF
EHR.

Sk

[11 Gyugyi L, Suycula E C.Active AC Power Filters[A].
In:IEEE/IAS Annual Meeting[C].Chicago:1976.

[2] Akagi Het alInstantaneous Reactive Power Compen-
sation Comprising Switching Devices without Energy
Storage Components[A].IEEE Trans on IA,1984,20
(3):625-630.

(3] Akagi HNew Trends in Active Filter for Improving
Power Quality[A].In:Proceeding of 1996 International
Conference on Power Electronics,Drives and Energy
System for Industrial Growth[C].1996.

(4] EHAKRH. FESIERRESTEERD)4
F12%,2006,34(20):81-86.

WANG Wei,ZHOU Lin, XU Ming. Control Methods of
Active Power Filter[J]. Relay, 2006,34(20):81-86.

(5] i B1EF.¥Hilt% ETHRARHNEFERERSEN
IR ) SRRE (7). B B ML TF2#41%,2003,23(3):34-37.
QIAN Ting, LU Zheng-yu,HU Jinet al. Dual-Loop
Scheme for Unified Constant-Frequency Integration
Control of Active Power filter[J]. Proceedings of the
CSEE, 2003,23(3):34-37.

[6] Miret J, de Vicuxia L C, Castilla M. A Single Sliding
Mode Control of an Active Power Filter[A]. In:Power
Electronics Specialists Conference[C].2004.1052-1056.

(7] 80K, 2488000 FFBC R H YR i B B 28 O TCUR 192
3.2 5 R %,2004,19(1):77-80.

ZHONG Qing,WU Jie,YANG Jin-ming. Passivity Based
Control of the Shunt Active Power Filters[J]. Control and
Decision, 2004,19(1):77-80.

[8] YU Dong-mei,Guo Qing-ding, HU Qing, et al. A Novel
DSP Based Current Controller with Fuzzy Vatiable-Band
Hysteresis for Active Power Filters[A]. In:Transmission
and Distribution Conference[C].2005.1-5.

(9] N&EZFLIHW ETHENEREHNEERE

B AR E A EH 0] P E & HL T ¥R 2005,
25(14): 46-51.
FU Qing,LUO An,WANG Li-na. A Novel Hybrid Control
Based the Adaptive Intelligent Theorems for the Shunt
Hybrid Active Power Filter[J]. Proceedings of the CSEE,
2005,25(14):46-51.

(T4 % 58 W continued on page 58 )


http://www.cqvip.com

.58 -

.00 0 http://www.cqvip.com]

e

B3&R%) M TR MMS Object Foundry FI$2 4%}
IEC GOOSE/GSSE HI3% #F.
3.2.3 FIFHACST g s R

HR¥E IEC FrAEMI S J\F#B 53, GetServerDirectory
GetLDDirectory Fl GetLNDirectory =)~ ACSI #4%
B B MMS AR % GetNameList £, i
GetDataDirectory HI GetDataDefinition P> ACSI Il
6t 2] MMS iR %% Get VariableAccessAttributes .
1l MMS-EASE Lite 73 B2 4t 71X P> MMS iR %
] API, BhiX2e ACSI DiRetishifB 8] T8, &
iXLe ACSI R[S, W LK HIELRREI AR,
FRA W 3.1.3 R FF CHNET (I3 ARRI G E I
Re Bl I L.

4 5iE

AL UABE B R 1P The b B () TED BB vt () 2
RE R T RAMERIEHT, FFAH T RS
WHHTR. H“R, ELIENTE HIMRFE
AT EEE. HREEE, WitksimsE
TEFBETK.

S 30k

(1] BER, #F, 3% ,%.IED M1f IEC61850 HRuEfI %
5 EAK[J].4K . 98,2006,34(20):40-43.
LIAO Ze-you, SUN LiHE Linget allEDs Data
Modeling Based on IEC61850 Standards[J].Relay,
2006,34(20):40-43.

(2] REFE, TR, HEERET IEC61850 HRMEMET
TRy e B BB R B R ,2005,29(21):81-84.
WU Zai-jun,DOU Xiao-bo,HU Min-qiang.Modeling of
Digital Protective Device According to IEC61850[J].

Power System Technology,2005,29(21): 81-84.

(3] ZEERFR, X4, FgIZ.—MET IEC61850 HZEH
8 8 BT W& AR Y (7], 4k A 88,2005,33(17):
62-65.

TONG Xiao-yang, WANG Ren,LI Ying-chuan,et al.TEC
Model Design in Substaion Based on IEC61850[J].Relay,
2005,33(17):62-65.

[4] IEC 61850-7-2.Communication Networks and Systems in
Substations - Part7-2:Basic Communication Structure for
Substation and Feederequipment-Abstract Communica-
tion Service Interface (ACSI): 2003([S].

[5] IEC61850-5 Communication Networks and Systems in
Substations - Part 5 : Communication Requirements for
Functions and Device Rodels:2003[S].

[6] IEC 61850-6.Communication Networks and Systems in
Substations—Part 6:Configuration Description Language
for Communication in Electrical Substations Related to
1EDs:2004([Z].

[7] MSDN Library. Microsoft Corp: 2005[Z].

[8] IEC 61850-8-1.Communication Networks and Systems in
Substations - Part 8-1 Specific Communication Service
Mapping (SCSM) -Mappings to MMS (ISO 9506-1 and
ISO 9506-2) and to ISO/TEC 8802-3:2004[S].

[9] MMS-EASE Lite Reference Manual. SISCO:2004[Z].

WS HHA: 2007-08-16; B A% 2007-10-09

1EE &I
#RAA (1983-), %, #id, £EMF IEC61850 %57

#4951 %; E-mail: xuzhenmingl68@163.com
3 (1963-), $, &L, L ENFHERPHL;
ERE& (1963-), F, #&, #%, T 2AEELEE
FeX &k hAEAFFRHHA.

(L% 540

[10] ZEH ERFEHIT. HHEKSBHWEMEEHIIH
THARZER,2000,15(1):57-60.
TONG Mei, DONG Jie, JIANG lJing-ping. Active Filter
with Neural Network Controller[J]. Electrician
Technology, 2000,15(1):57-60.

[11] TR ERE ERURETFERBRIFEEILR
Giff EL4#41,2006,18(9):2415-2418.
YU Da-ren,SUI Yan-feng. Expansion Model Based on
Equilibrium Manifold for Nonlinear System[J]. Journal
of System Simulation, 2006,18(9):2415-2418.

[12] FHEETTE. ERBELUEEHNLRLE T IEM).
F: EERFHRA,1991.

continued from page 54 )

LI Chun-wen,FENG Yuan-kun. The Inverse System
Method for Multi-variable Nonlinear Control[M]. Beijing:
Tsinghua University Press,1991.

WS HHA: 2007-07-09; £EIHH8: 2007-10-15

EEE -

MALRAE, HSHEMERRAM;
zzuli.edu.cn

FAL (1957-), B, HEH4HEHEE, HLASR, £
ERMRFOAFEREZ AW B4, LHRGRS. W4
£ 4 HEShEHF.

E-mail: jiangsx@


http://www.cqvip.com

