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Passivity-based control of the shunt active power filters
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Abstract: The passivity-based control is gpplied into the shunt active pow er filters(SA PF). A fter smplifying the
circuit of the A PF, themodel is established The load voltage and the supply current are considered as the state
variables of the systen, and the compensating current is taken as the control variable Then a control lawv is
designed by the passivity approach The smulation results indicate the stability and robustnessof the control

Key words hamonics active pow er filter; passivity-based control

(A PF) . : !
A PF el

L yapunov )

[3.4]

1 2002-07-10; : 2003-05-13
(1998020308); ! " (A 1050202).
(1978—), , , ; (1937—),



78 19

2 : - s :
1 — > : : : +: l i
, I8 N P lzr \
{x = f(x) + g(x)u, ) S ;icil :vLE ltol
y= h). : A 2 :
u oy ! : : 5_: !
(1), : Supply Active Load
1 (1) , filter
V (x), 2 SAPF
V< os(uy), Vit 0, (2
u . s(u,y) , 2,V v Zs
V (x) . , e
, V (x(0)) e
t ,io ,ZL
IOS(u,y) : | |
V (x(1) < Vv (x(0)) +IOS(u,y). (3 - 2
Lsdtis: = Rsis' L+ VS, (7)
3
s(u,y) = uly, (4) v = Z(is- de- o).
: Ls ,Rs
2 (W, 1@=o0n0@= ,
0, ) V (X)v CL RL
v< ou'y, Vi 0, (5) ,
u ' ' Ls_d_is: - Rsis- w + Vs,
3 (0, at ®)
V (X)l (5) ) ’ CL _ddEVL = - él-_ + is- ic- o
Q(x) > 0@ (0) = 0), . '
. -q ,
V + Q (X) < UTy, th 0, (6) _Ls 0 0 0 s
0 L: 0 Ofg|ia|_
3 0 0 C 0] dtfvgy
(A PF) Lo 0 0 cJ Lw
1 _ - Rs - @s - 1 0
I—J’ l’ (TD-S - Rs 0 -1
Supply Load 1 ~
1 0 - - uCL| X
R ¢1¢ RL g
— R L - 1
’ L J;_Q[_—L Ve L 0 1 uc T R
S o . 0 o
ASPF «
s 0 0 [.j
+ +
1 SAPE Vid -1 0 i
L VL 0 -




10 0 0 ;o sz is- s, VL= VL= W L,is WL
0 1| Vax 0 0 iod ,
+ . (9
0 Olv -1 0 io
0 0 - Dx= (J- R)X+ Bu+ Ew -
wo Ox - (- R)x')=
'« 0- R)X+ ¥ (14)
s [ ij [VL:]
X = ,u= |, y= ,
Vid - Vi ~
lsd Isd
VL ~
~ |9:| |sq
X: ~ ,X = H
Vid Vid
Dx= (J- R)x+ Bu+ Ew, - R
(10) Vi Vi
y = Cx *
Y=Bu+ Ew- (Ox -
0 - @:-1 0 - R)x).
;- ws 0 o -1\ '
11 o o - & ’ Vilx) = %TDXN: ‘JZ‘LSE+ —;CLVL, (15)
o 1 d o : i
R. 0 0 0 Vi=- XRx+ x'¥ (16)
R - 0 Rs 0 0 R , u, Vi
"o 0 1R 0|’ < 0, . lmxX=a Y= kx,
L0 0 0 1R K ,
00 00 DX= (J- R+ K) (17)
= - +
00 . |oo X
B = 10 , C = 10 , ’
Lo 0 igs = lg, ig= Q lg = P/(/sd
L. 0 0 O P '
oL, 0 0 o4 * )
D= 0 0 C. 0 ’ T Vid = Va - 4R, VLqg = Vg - o slg,
Lo 0 0 cC. [le O wvia WViq]
"1 0 0 0 Ve 0 0 0 0
£ 01 O 0 Vg K = 00 0 0 k> Q
= , W = -
00 -1 0 o 00 -k 0
o0 0 - i 00 0
Y= Kx
1 - 1 o 1 2 i = - CLVu« - _:L- K| Ve -
V (x) = 2X Dx = 2|_ sis + 2CLVL, (11) RL
UC. Ve + ((If’CLLs+ Rs,
) R.
_ .2, T .
V="- iRs+ Uy + Vsis- kRs) la- fdod- kvid, (18)
iovL - VLZ/RL. (12)
. 1
Vi = - Civa- | g7 K va+
2
VL/RL, - - o
) {Cve + (- GCLRs+ %LW
V< ouly, (13) -

SA PF _ KAL o= og - Kvig (19)



80 19
5 300
MATLAB SMUL NK < 09 J{M ‘N\ ™
220V, 2 _joo} o Lﬁ
; ,Rs —
3003 20 40 60 80 100
=Q19Q,Ls=Q22mH; ,Rc= t/ms
02Q L= Q5mH; 800V ; (@
a,
IGBT, 15 kHz PWM 150
11 \ /‘\r\\
50//\ M\ ﬂ‘ ANa
3, @ M 0 Ay VOV
\\JJ \\u \J \\'uf
-150
, , t=40ms , 20 40 60 80 100
;. t= 60ms s
4 : (b)
) 200
15 100 \N4 \“
! M M M JM < o4/~4\\..1//»4\f\,m N \m// o
< F ‘ ~100 /”’
2 50 ‘ _
w ” W w 200 20 40 60 80 100
—150 t/ms
0 20 80
llmx
(c)
(a 4
150
o ,"’\3 N\ !
sof / "‘-.\ SN /"I Y _/l\ N
< f S
R N\ A V»”/ \\/ \v/“ (References):
—‘500 s 20 [1] Singh B, A I-Haddad K, ChandraA. A reviev of active
20 40
s filters for pow er quality mprovement[J] IEEE Trans

\MM\W

\M

80

t/ms

on Industrial Electronics, 1999, 46(5): 960-971
[2] Akagi H. Nev trends in active filters for power
oconditioning [J] 1EEE Trans on Industry Appli-
cations, 1996, 32(6): 1312-1322
[3] AkagiH. Control strategy and site selection of a shunt
active filter for danping of hamonic propagation in
pow er distribution systen [J] 1EEE Trans on Paw er
D elivery, 1997, 12(1): 354-362
[4] : :
[J1 , 1998, 13(1): 41-
45
(Yan Xiao-ging, Yang Jun, Wang Zhao-an The
mathematical model and stability analysis of shunt
active pow er filter[J]. Trans o China E lectrotechnical
Society, 1998, 13(1): 41-45 )
[5] OrtegaR, Schaft A J, M areels |, et al Putting energy
back in control[J] IEEE Control SystensM agazine,

2001, 21(2): 18-33



