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Abstract: The active power filter (APF) is an effective tool for harmonics abatement and power quality improvement, but
the distortion of the power voltage deteriorates the accuracy in current detection and reduces the efficiency of compensation.
To tackle this problem, we employ Takagi-Sugeno (T-S) fuzzy control method to build the model of the three-phase-three-
wire APF in which the power voltage distortion is considered the disturbance to the idea model, and realize the T-S fuzzy
H-infinity control with a given performance index. Satisfying the required stability, the designed T—S fuzzy H-infinity
feedback controller makes the APF restoring the distorted power voltage to a voltage with sinusoidal characteristics, meeting
the requirements of comprehensive compensation. Computer simulations show the validity of the T—S fuzzy control model
and the efficacy of the H-infinity feedback controller. The reference compensation current can be detected accurately, and
the controller is able to carry out the operation under the circumstance of non-sinusoidal power voltage.
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Fig. 2 Circuit model of three-phase-three-wire shunt

voltage source APF
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. 1 1 1

T = ﬁm — zdam + Z(usa + Ae),

. 1 1 1
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A A0)H, — MO, AU ES I T M A g i K1
HL Y HL P R RS, AE— N TSR N, g,
Uge IT LA A FE T E AN 1. Bty = [t Usp Use | T
d = [du dy d.]T. H1F L5 B SEAPAE AR, —f0t, 1
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L0 HT A A IR A 2% T A 8
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AL = A0 = £R I BRAPFR R i) 5 il X (12):
&= Az + B(x)d 4+ w(t), (12)
Az € RYUPIRE & d € R g filHAN;
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07 0 < Zj.
0, 2_72@_77
piz) =y @ j=1.2. (16)
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FUNT: IF 21 (t) is PO and 25(t) is PO, Then &(t) =
Mz (t) + Nyu(t) + w(t);

FUW2: IF 2, (¢) is PO and 25 (¢) is ZR, Then @(t) =
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b = 32 () [Mir(t) + Nault)] + (). (17)

> w;(2(t)) > 0.

i=1

P LA hi(2(¢)) =
(12), 14
&= Ax+ B(x)d+w(t) =

z ha(2(t) [Mix(t) + Nud) +

0, Y hi(z(t) = 1,vt. fRARK

i=1

(Az — é hi(z(t))M;z(t)) +
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I A AMEE S B

P2 1F 24 (¢) is PO and 25(t) is ZR, Then
u(t) = —Kex(t);

FEHIFL9: IF 2, (¢) is NE and zy(t) is NE, Then
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A .
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2 3 Bl (2(0)(Bla) ~N) Ky (1)
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tortion)
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stability of three-phase-three-wire APF)

FELL B3 RO FEA L, w5 RO P il b 4%
T8 55 B K REAT ek, FORAIE A R GE 200
R k. HIEAS B Bl & A (0T P (¢) 2 R AN S,
(EE A7 AR 5 e L S ISR ASORY 42 1) 3R 46 fh 2 i
fE, PRI AE PRAUERSE RO RIS T A E A il () 5%
Wi S R 455 428 o 11 e, XA DR AP 3 PO 65 A 42 1 T AR
FIH F . 51 NHo F I P BE:

f T(H)Qa(t)dt < p? f w(t)dt, (21)
AP R R I 2 01 N ] p?%Tw( Vifa (t) 5%
M FERE, 2 —AN e PR REFE s, Q& — N IE e HiFE.
Jo e T How () K AN an ], Mow(€) Bl (¢) 1) 14 75 Lo 25
N TS T2 0 PR RE TR b p, AR UEw (8) X R GE
SR LRk, p b AU /N T LI IEE. R T FLAE AR R 5
(12), LM Lyapunov & %1

V(t) = o () Hat), 2)
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V(t) =i () Ha(t) + 2T () Hi(t).  (23)
R R R A QORAK(Q23), 17
V(t) =

ifﬁ&ﬁWﬂdW@WMH

K;)+ (M; + N;K;)"H)z(t)} +
( Az ()" Ha(t) + 2" () HAA(z(t)) +
(AB(xz(t)))"Ha(t) + " (t) HAB(x(t)) +
ot () Hw(t) + w (t)Ha(t), (24)

(M; +

WA,
(AA(w(t)) Ha(t) + )+
(AB(x(t))" Ha(t) + 2" () HAB((t) <
(AA(x(1)) AA(x(t) + o™ () HHa(t) +
(AB(x(t))" AB(x(t) + «" () H Ha
BBAAEA FHEFEAM AN, A

T

e (O HAA(x(t)

X

~~
~+
S~—

. (25)

IAAGO)] < 13 B AMa(0)]. 6)
2B < :
H;;h@@)(UMANKﬂMwm
P& AT FEHBE M, RN, FE E6 T B R 1m) =
x(t), HAFFEAMFAN;:
by e
A 6] <1, mill € 1,i=1,2,---,9.

HE 1% (26)F1(27) 5
(AA(x(t) " AA(x(t) <
(AB(z(t))"AB(x(t)) <

B
(32 BN K1) (2 By ()N, K (D),

Jj=1

(Mp(t))" (Mya(t)), (29)

(30)
H ik, 20N

V()<Y Y b= (1))

i=1j=1

hy(zO0) {2 () [HM; +

HN;K;+ M'H + N'K/H + M, M, +
(NpK) (N I) + 2H Hlao(t)} +

o () Hw(t) + w (t)Ha(t). (31)
7220 G R % BN B pPwT (Hw(t),
(1/p*)x* () HHz(t), 3

i=1j=1
HN;K; + M'H + N;"KH + M, M, +
(NoKG) (NpK) + 2H H](t) } +
(1/p*)at () HHz(t) + p*w’ (Hw(t).  (32)
U ARAEAE— M EE R H, AR AN
HM; + HN;K; + M'"H + N K H +
My My, + (NG (N K;) +
(2+1/p ) HH+Q <0, 4,j=1,2,--
J§AT, B
HM; + HN;K; + M'H + N'K'H +
My M, + (N, K;) ' (N, K;) +2HH <
—(1/p*)HH — Q, i, =1,2,--- 9, (34)
ﬂ'thit(%)ﬁ)\it@z) &)

()<ZZh( ()h

,9 (33)

()T (B)][=(1/p%) x

HH = Qla(t) + (1/p")2" () HHx(t) +
pPwT (t)w(t). (35)

SRR By (2() ) IR, 3(32)22 1

V(t) < —2T(1)Qx(t) + pPwT (H)w(t).  (36)
T |w®)] < wap. o1 = Amin(Q), W (36) XA
5k
V(t) < —cra” (t)z(t) + p*w, (37)
R 37 AT LA H, HEEY
()] > @“ (38)

ATV () < O, IRAEHRIE I Lyapunovyy s #1041, Ty
73 BB P R R Z0(20) 02 — B0 24 FL 1, B 3R
R EFEN.

X @Ot = 0%t = t: B9, 15

V(t) v<o> <
_ f (H)Qu(t)dt + pj w(t)dt, (39)

[T @a(tat <
2T (0)Hz(0) + p? j yw(t)dt.  (40)

e 15, X T45 08 Tk BE E.ffrp , BRORIPIR 285 o i
A H L P I fE(23).
3.2 T-SEURIH 3528 %

H,, controller)

CL g3 i 1 A YR AT AR A2 20 0 B I R = A

Tt (Design of T-S fuzzy
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brp?, BEORARES S gz A B IS Ho I TE BE(23),
HE EORIEE I H, AR AN (36) . KA
B AN A5 2 (36) T LA £ by e M o AN A5 2SR oy
AR i AL, T AN F o e DA A R R Y R SR AN

LMIfAL T A6 Sk A ths],

SER b, Ay SR AR B AN X (34), AR LA
ML EA SR 4P = H LY, = K, P,

MR BHEZE T

M;P+PM;" +N;Y;+Y N} +PM M,P+

(NoYi) ' (N,Y5) + (2+ 1/p*)] +
PQP <0,i,j=1,2,---

A Schur 7 i# U512, FiFEANGE XSS T

TR (N,Y;)"
-1
0

H(P,Y) = | N,Y;

P

9. A1)
P
0 | <0, 42)
TR2

Af: TRl = M;P+PM + N;Y; + Y N + (2 +
1/p*) I, TR2 = —(M M, + P)~". R @)
IEFERLFEP, 84 A R SR ROE 1Y, 1y Ho 4538

Pt RETEAR p°, A Ho I HITERE23).

H S W], = A = SR APFRMIHL 5 1l 3R 48 (1 12
5 V73 BT A A 25 LT T AR U1 8 4 9% B XA
FEFEY 10 e MR R B AN S5 3R AT it 1), LS8 e —
SR AR T R, 3 AE A i T 3 S LM 5 2

R RN RPN
I 2d,(0)—17
0 0 0 57
1 2d,(0)—1 | |21
i 0 0 0 o7 v
ig _da(O) _db(O) _dc<0) 2dc(0)—1 I3
iy 3C 3C 3C 2L 4
—1
i 0 0l 0 —Rdc
AT, S E A )
w5 = [ e(at. (45)
2% UL Loy Hral 13
I 2da(0)—1
o 0 0 0 a1 0 —
$:1 0 0 0 de(O)—l T
T3 |= 7da(0) 7db(0) 7dc(0) 2dc(0)_1 0 T3
b 3 3C  3C 21I 24
| T5 | 0 0 0 RiC 0 | 5
0 0 0 -1 0

B = A = 2 APFAR UL s 10 32 P I A8 U N PR Ay
L. = Ly = L. = L — 4mH, E7M L EC,
Cy, = 2x 4700 uF, R, = R, = 5k . ¥ T H
B FRRE 0 T AT RN 2 PR, TR O R H R 3
IEORFEANAR, by vF 57 A0, R AR A I B
HLIE 2 400) = 800V, JF:7%5 18 Sl R PE, ORI HL
Fug, = 311 sin(wt + 7/2) AW s 11 £ 100, 1351 ik
ISy S8 R A

d,(0) = 0.818, dy(0) = d.(0) = 0.306,

21(0) = 0.206 A, 5(0) = 25(0) = —0.103 A.

FH TR 3 4 () TP IRARAR A 8 KT F Y [ A%,
TR AR SAE PR AL, g JL AN, ABAN AN LA 2
ST TR R R Uk T4 1 7 e AT R 2
25 1 5(43):

1 1

—E$4+Zda(0)$4 —

11.31: Tda+w1(t),

1 1 Ty 0)

—i$4+zdb(0)$4— I
134(0)

1 1
——$4+—dc(0)x4— I3 dc+w3(t),
d.(0) 1

oL, "' L
da(0) ~ dy(0) .
3C 7 R4 C

30 T30
3C

$4(0)
(

ii/’Q:

db +U)2 (t)7

1'3:

Ty=— T4+

2x1(0) 2x45(0)
( 3C 3C

da+

dy,+ d..
(43)

FOEFEIE, Wil 44):

21’1(0) 2%2(0) 23’:3(0)
L 3C 3C 3C i

&5 = —x4 + x5(0)(da + dp + de).
(46)
Hit, @44 n] 5 kX 47).
C n(0) 3

221(0) 222(0) 2x3(0) 0
- 3¢ 3C

$5(0) $5(0)
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W 2 3) I ADR i A\ AT 1 A8 5 bR BURN, 153
REFEFEATHAM;, N;.

MR 28 4 (P R 1k, WAt 4 L U0 F 2% FEL PR
SRR AR5 W e (8 i 22 1) B KA B o Sk 15 (H 10%,
10 16w 22 B3R 20 1) d5e R AR B g 9 T E {130%, BV
= 80, ao = 240.

FH T R R R TR R AR — AN R I 10%, 78 AR i
B0 R R 1T R 5120%, Bl (£) 2 (1)
(PISEMRENE p < 1, BRITXS F-45 52 PR REFa b p2 (%
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Fig. 4 Structure frame of control system

4 fiE 45 % (Simulation results)
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Fig. 5 Simulation results of T—S fuzzy H control in case

of source distortion for three-phase thyristor

phase-shifting symmetrical voltage regulator
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