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Fig. 1 Schematic diagram of APF
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Fig.2  Control diagram of harmonic compensation
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Fig.2 Representative Fuzzy controller system
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Tab. 1 Evaluating table of membership grade of Fuzzy variable E
E -6 -5 -4 -3 -2 -1 -0 +0 +1 +2 +3 +4 +5 +6
PB 0 0 0 0 0 0 0 0 0 0.} 0.4 08 L0
PM 0 0 0 0 0 0 0 0 0 0.2 0.7 1.0 0.7 0.2
PS 0 0 0 0 0 0 0 0.3 0.8 1.0 0.5 0.1 0 0
PO 0 0 0 0 0 0 0 1.0 0.6 0.1 0 0 0 0
NO 0 0 0 0 0.1 0.6 1.0 0 0 0 0 0 0 0
NS 0 0 0.1 0.5 1.0 0.8 0.3 0 0 0 0 0 0 0
NM 0.2 0.7 1.0 0.7 0.2 0 4] [ 0 0 ] 0 [¢] 0
NB 1.0 0.8 0.4 0.1 0 0 0 0 0 0 0 0 0
%2 Fumy TRE HRMEMER
Tab.2 Evaluating table of membership grade of Fuzzy variable E
E -6 -5 -4 -3 -2 -1 -0 +0 +1 +2 +3 +4 +5 +6
PB 0 0 0 0 0 0 0 0 4] 0.1 0.4 ©3 0
PM 0 0 0 0 0 0 0 0 0 0.2 0.7 1.0 3.7 0.2
PS 0 0 0 0 0 0 0 0.2 028 1.0 0.5 0.1 a 0
PO 0 0 0 0 0 0 0 1.0 .6 0.1 < 0 0 0
NS 0 0 01 Q.5 .0 0.8 0.2 0 0 0 0 0 0 0
NM 6.2 0.7 Ly 0.7 0.2 @ 0 0 0 0 0 0 0 0
NB 1.0 0.8 0.4 0.1 0 0 0 0 0 0 0 0 0 0
#£3 Fuzy TRUNRBEMER
Tab.3 Evaluating table of membership grade of Fuzzy variable U
14 -6 -5 -4 -3 -2 -1 -0 +0  +1 +2  +3  +4  +5 +6
PB 0 0 0 0 0 0 0 0 0 0.1 0.4 0.8 1.0
PM 0 0 0 0 0 0 0 0 0 0.2 0.7 1.0 0.7 0.2
PS 0 0 0 0 0 0 0 0.3 0.8 1.0 05 0.1 0 0
PO 0 0 0 0 0 0 0 1.0 0.6 0.1 0 0 0 0
NS 0 0 0.1 0.5 1.0 0.8 0.3 0 0 0 0 0
NM 0.2 0.7 1.0 0.7 0.2 0 0 0 0 0 0
NB 1.0 0.8 0.4 0.1 0 0 0 0 0 0
x4 BHR
Tab.4 Control table
EUE -6 -5 ~4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6
-6 7 7 7 7 7 7 7 4 4 2 0 0 0
-5 7 7 7 7 7 7 6 4 4 2 0 0 0
~-4 7 7 7 7 7 6 4 4 3 1 0 0 0
-3 7 7 7 7 6 4 4 3 1 0 -1 -2 ~2
-2 6 6 6 6 4 4 3 I 0 -1 -1 -2 -1
-1 4 4 4 4 3 3 i 0 -1 -2 -2 -3 -3
-0 4 4 3 3 3 2 0 -1 -2 -3 -3 -3 -3
+0 3 3 3 3 2 1 0 -2 -3 -3 -3 -4 -4
1 303 2 2 1 0 -1 -3 -3 -4 -4 -4 -4
2 2 2 1 1 0 -1 -2 -4 -4 -6 -6 -6 -6
3 2 2 | 0 -1 -3 -4 -4 -6 -1 -1 -1 -1
4 0 0 0 -1 -3 -4 -4 -6 -1 -1 -1 -1 -7
5 0 0 0 -2 -4 -4 -6 -7 -7 -7 -7 -7 -7
6 0 0 0 -2 -4 -4 -7 -7 -7 -1 -1 -1 -7
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Tab.5 Control rule estate table 7. MR EBN ESTRANMTEHE,
EUE NB NM Ns 0 PS PM PB N=AB+AM +AS+0OK +CS +CM + CB
NB PB PB PB PB PM 0 0 H 2
1 AB . AM AS . OK CS CM.CB
NM PB PB PB PB PM 0 O %“PE’J AEH &
NS PM PM PM PSS 0 NS NS B Fm B PR A UNGE PR R
NO PM PM PS 4] NS NM NM . 1 1 1
PO PM PM PS O NS NM NM WIS, N AE R N=(g. 7 7-1.2.4,
PS PS PS 0 NS NM NM NM
PM 0 0O NM NB NB NB NB 8), HEEEBREWMEO6 iR,
PB ‘O 0 NM ‘NB NB NB NB 6 Fuzzy TRN OB MERESR
SHAAR Fuzzy - PI AN S ARGERWE 4, Tab.6  Evaluating table of membership grade of
A Fuzzy fgaﬁ[f%j’%& K, .K, ® K, K, HiE%, | Fuzzy variables
RE e BUIRETLR e BERAT, #47 M , X 7] [ /8 1/4 12 1 2 4 8
fK3T e B e HYMHEHE, TR A K IS HI BUE &, X AB 0 0 0 0.5
A4 K, Ky KK, BTK o %o 16BN B 0o 05 1 05
REHERES, METIT WA, XERFXT e f AS 00 0.3 Je 03 0
. - 0K 0 0 n 3 ! 9.3 0 0
e RIS BER , TR AN IO &, BR K K, Y otas A0 \g 0 o
- J
K /0 K, FK,. HERR K, f K, Ok AR\ PR\ oo
(EEQE/J‘)H/‘J%&EJ KP *HKI gg/‘l\(ﬁﬁik).&g%#( CB } 0.5 0 0 0
*Era]o ﬁ#ﬁﬂ]ﬁjﬁﬁ]‘lll/u\%g K: %” KZO ’
F2EPINE R SHBSIUIIUR
A N/ AN\ A AV 3 Tab.7 Parameter amending regular table
L <ok} £oul . E N E NB NM NS 0 PS PM PB
Uy - — T e a o
" . I3 bR NB CB CM (] OK CS CM CB
NM CM (] OK OK OK CS M
p NS CS OK OK AS 0K Ok CS
- U] | zves NO OK OK AM AB AM  OK OK
| an—wf | AARK PO OK OK AM AB AM OK OK
: PS CS OK OK AS OK OK CS
B4 SMEEY Fuzzy -Pl AV RESKIIER PM CM €S OK OK OK ¢85 <M
Fig.4 Frame of parameter self-adjusting PB CB CM (€8 OK (€8 CM (B
puzzy-Pl adjuster system
®3 BMBHR
Tab.8 Parameter amending table
l_;‘/l/[_:: -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6
-6 125 0.125 0.25 0.5 1 1 1 1 1 0.5 0.25 0.125 0.125
-5 0.125 0.25 0.5 1 | | 1 1 1 ] 0.5 0.25 0.5
-4 0.25 0.5 1 { 1 1 1 i 1 1 1 0.5 0.25
-3 0.5 1 1 1 1 | 1 1 1 1 | | 0.5
-2 { 1 i i 1 1 1 1 1 | 1 1 1
-1 1 1 1 1 1 2 4 2 1 1 1 I 1
-0 i 1 i 1 2 4 8 4 2 1 1 1 1
+0 1 1 1 1 2 4 8 4 2 1 1 1 ]
+1 1 i 1 1 1 2 4 2 1 1 1 1 |
+2 1 1 1 1 1 1 | 1 1 1 1 i |
+3 0.5 1 1 1 1 1 1 1 1 1 1 1 0.5
+4 0.25 0.5 1 1 | 1 1 1 i 1 I 0.5 0.25
+5 0.125 0.25 0.5 1 1 1 1 1 | 1 0.5 0.25 0.125
+6 0.125 0.125 0.25 0.5 1 1 1 | 1 0.5 0.25 0.125 0.125
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Fig.5 Voltage wave with proportion adjusting
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Fig.6 Voltage wave with ordered parameter PI adjusting

R Fuzzy -PLEEHIES G, BIRARILTB AT,
APF iafTH8 7€ , 3 BT R El-d AR/, BERE % B 1A
AT LA H R ER . MR HE T,

£ APF £ MIZ1T/E , RINERGEMREEH B
ERIRE e MIRETUR e REHREME L —F
Ty oL I 30 SC A X IR L R AT AN, (8 B R R

Uy
, ;
wl

_ MW Wmﬁ

400

L

L 1 L i
! 2 3 { 3 6
s

7 XA Fuzzy-Pl {5 RER0 8 R F
Fig.7  Voltage wave with Fuzzy-Pl adjusting

{R¥ER2E , NTTTRIIE T APF Ay AT 5544,
A, R AT Fuzzy — PT 45 ) 28 S #M 8 i el
Lo FRATHUZR G M A L 0 70 1 B 0 15 0] b 30 40 B o4
HAIBRRE R BT, BUS TREFBER,
HA FEBR TSRS, WK 8 M98 10 iR,

:;? JT“TW“% _____ F

-6

M8 *I\{#Hﬂﬁﬁlﬁﬂt

Fig.8 System current before compensation

B9 FA Fuzy-PlEHBEHNRBE
IMERBHRGR K
Fig.9 System current after using Fuzzy-PI

adjuster control DC voltage

-~ -

B 10 FA Fuzzy - Plﬁﬁlﬂ&ﬂlm
P ER 0 R 45 R iE S B R 4 R it

Fig. 10 System current after using Fuzzy-Pl adjuster

control DC voltage and system current

4 £ig
BT — M6 Fuzzy #2588 50 PL IR 15 85 AR 4%



B CELE B TR R A0 R i B ik 45

AW Fuzzy ~ PUET &%, R R 17 48 XA T8
WS M IR T R ] SR LR E R R R AR
e, BARGRM B, SRSRIENIZT B
SR L BIRR B H A E RS HIR . RN
fiti b A Fuzzy - PLJE 5 2% 4028 5 r It REIDUAR
REFIBER R RVIMEE R RERFEL LH
BT RARE. RO HEEAS AL R
BHA-RIEREREE S Z USRS, BE
— & 3L BRI FIHET HHE

$ % 30K :

(1] fhBel, 2P64E. TREMES M) LR JI Tk
HiRii A . 1995.
SUN Geng-shan, LAN Xi-zhu. Engineering Fuzzy Control
[ M]. Beijing: China Machine Press, 1995.

(2] #EER, RikE, T EHEHIER(M]. EXK.&
KK At 1995.
ZHANG Zheng-bin, WU Ru-shan, YU Jian. Fuzzy Confrol
Engineering[ M ]. Chongging; Chongging Un'versity Press,
1995.

[3] #BRE, % ZNZRAKG S HEHFMED BT

Broci]. e AR ,1999,23(7) :23-25.

ZHA Xiao-ming, et al. Study on Measurement of Com-
pensatory Component for Three Phase AC System Integra-
tive Compensation[ J]. Power System Technology, 1999,
23(7):23-25.

[4] Singh B, Al-Haddad K, Chandra A. A New Control Ap-
proach to Three-phase Active Filter for Harmonics and
Reactive Power Compensation[ J]. IEEE Trans on Power
Systems, 1998, 13 (1).

[5] Nastran J,Cajhen R,Seliger M, et al. Active Power Filter
for Non-linear AC Loads[J]. IEEE Trans on Power Elec-
tronics, 1994, 9(1).

WHBAE: 2004-1206;  ¥EEBM: 2005-06-24
EE@N:
B FO8l-) %k HE+ERNEFLFTOALER
¥ 25 5% E-mail ; cken 030416 hotmail. com
A9 -), X AR HALAE AR TS L
heF,
Nea(1952-) % £ HEARF ARXFTAAL
R ESHHIEH.

Fuzzy control applied to the active power filter
CHEN Yu', WANG Bi-fang'?, LIU Hui-jin'
(1. Wuhan University, Wuhan 410072, China; 2. Wuhan Vocational Technical College, Wuhan 430074, China)
Abstract

combined with characteristics of the controlled element. However, the Fuzzy controller with good dynamic response characteristics is not

It is difficult to calculate the differentiation constant in the classical Pl control method. The variation of the constant is

sensitive to the procedural parameters. The Fuzzy-controller have the advantages of good robust and minimum nonlinear effect. In this
paper, the Fuzzy — PI controller worked on the DC voltage source of APF directly. The combined Fuzzy control and Pl adapter con-
trolled the parameters of PI controller by using the Fuzzy control method. The experiment showed the control performance is much more
reasonable than that of the classical PI control. It confirms the accuracy of the theory. The Fuzzy control on the compensation current
was proposed based on the result.

Key words: APF;

Fuzzy control; membership grade; control law
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Abstract ;

fundamental active current is the least” as detecting principle,a detecting approach of harmonic current in single-phase circuit based on

Using *when load current is periodic function,the integral value in a period for absolute value of load current subtracting

fast iterative algorithm in active power filter was proposed. It is capable of fast tracking load fundamental active current maximum value
and especially the maximum value when load current takes a abrupt change. The correctness of the method was verified by theoretical a-
nalysis and simulation research. ‘

This project is supported by High-tech Item of Jiangsu Province( No. GBZOO4024) and Dedicated fund for Higher Intellectuals of
Jiangsu University ( No. 1283000064 ) .
Key words: harmonic current

active power filter; active current; reactive current;



