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AR 7R R L T E AT AR B M pWML AR
T A e = AH R AR bR R R BB BRI (2) B

di, _ R, u, _u,

dt L L L

diy, _ R uy _w

LML L

: (2)
dic __ R, u. _uc

&t ~ L L L

dudc :idc_il

dt C

o g g e N H D EL TR e A A AR 3 2
L =S SIS = i L SRS e 5 A S A A A K 1]
75 L e S T A EL I 5, oM 7R TR LU O L 2 R
Ui gi A TERHL L R HLEG R B 28
LT A R AR g R — S 2 AR AR AN
GR%,

TE = AIXSFRER I abe AFR R, AR i 25350
10 Rt s N 8 S R 5 2 i P = o
br RN B A2 AT R D R dgO e bR A2 4k AT
IR 3 dg0 A& bR 2 0 D0 A5 a0 2 K02 A5 A 40 =X
3w,

di, R.. . .
d R . . .
dio _ R . Ug Uso

WL
dudc — idc_il + L iU

dt C C j=d.q 7

FCH oo IR0 )2 £ T s, 5500 L D T
O g BT e, 5390 0 000 S B o
0 0 I g 2390 P 0 D078 B e o
et 0 L FE B 0 bR o IR0 B T O 0 e
PR 7., PO BT LU 207 B4 I B
IR AR T A 2 (4) R

N

di, _ R.._ .

G @)
dip - R . _u  uo

a LT

AR AR R Y R R O A R A
SRR AT LA — PR B R g, N (5) B,
{did_ R

Uq + Usd

L L

——7L‘d+(1)i( -
di L !
(5)

de L L L
& xi=Ligxo=Li,, ENEEZ B B8 E 19 d g G
Sy T 5 0 s B DU 2R 50 4 B ik R B o
@Lﬁ%%%%Hmmh%+%J%Mﬁﬂﬁﬁ

i PCHD Ry Rik= =l (6) iR,

13 . .u U,
‘szJmwa_L+sL

. 0H (x)
X _H 0 a)L] {R 0 ]) 0x; .
=L 0 L0 R I oHKX)
X2 Ir—
0x,
-1 0 Uy— Uy
{ 0 -1 U, Uy, (6)
F 3 (6) S A=l (1) W45 #E Hamiltonian 77
2,15 . x= ﬂ,](x): _(()UL “E)L },R(x):ilg 1(; }
g(x):[_ol Ol = | T R R ] (x) fR 3R
- Uy —Ug

L P HLRTE dg AebR R T RERE R OC R R (x) 72
TE 7 1, AR 3 P00 A2 i &5 2R Gt 1 BH M 45 A8 R P
g () LA I AR R G S S B 32 B4
LB 5ty S TR0 25 A 4 52 T R IR I o il
q Moy

2 MM R FEM PCHD #EH) IDA-PB =l

2.1 IDA-PB =l [R5 #7
Z K IR AR FEAS 9 PCHD RGN —3%
$# #E L Hamiltonian R HEAT BB & Hl 4811 H
b 2 3 1 TC 5 A B i A BHJE B e AR &R G R
oK 1 RE B PRV, AT 2R e 5 A an =X (7) TR 14 4] 34
ZER
f= () -Ri) ) g oyu (1)



@ R 834 %
i IDA-PB &= @ H AT A AR R G E =L (13) i,
s He 2l & ge i 2 X (8) P Uy K (x), Bl 4 H@ﬁ—me%hM%_Mmm )
w5 7 R AT i ! u, 2N U,
(o) —Ry(x) K (x) + 2ol s + L Brey (3= 2L )
0H (x) (xX)u=0 (8) g 2 2 2 (13)
L0n) R, 0)) = g b= Hy()=H ) +H.(0)= 5+ = 45 x
— T_ aHa(x> aHﬂ(x) T 2 "
K)=[hi(x) ) 7= S0 0000 i 2Rt ) L 20,0

TE AR MF T J.(x0)=0 H R,(x)=0, 4K
(8) A+ 215K (9)

([0 wL_WRO]Hh@)+
l-wl 0 0 R Jk(x)
—1 0 Ug— Uy _
0 -1 U,y =0 )

KA (9), T A BN A W= (10) s
Ug= usd‘l‘U)Lkz(x) —Rkl (x)
=1y, —wLk,(x) = Rk (x)

ﬁ%ﬂﬂﬁﬁ”?”:agw,%umuﬁ
X1

X2

by (x0) ea () = ha(22) 0 N T SCBRLE T4 5 Hy(x)H
1%Emﬁﬂ%ﬂ:oﬂu%ﬁﬁuno

(10)

T (x)) =0

L (11)
2 4ha(x3)=0

AT DI Uy T AR 25 2 o L 246

PWM mﬁﬁﬁzts%mﬁ%ﬁmmﬁ,@mﬁ%uﬂ% -

%Rm +x3)2/ L2 T I x> ), BT LA 5

wna s %3 08 ~ R[] o, 1
2 L 2 L

A1) AT RIRTE K (x) B2k 8=t (12) s,

__RPs _ LRI
k= U, +OL(%1 U, ) (12)
k2=_ qrel'+B(x2_LIqrel)

PRI RT LAHT &y ko B 7E HL () SR GEEBER H(x)

HRAE IDA-PB 9 F8 MK, i X (13) AT RAAT 3]
PH,(x) | I/L+a 0
ox? 0 1/L +B
FEY, RYE Lyapunov Fa g 1Y,
B by ey A (10) RAFEE R AN (14 ) B 7
wg=tg+ [ =L+ B(x2— L) JwL -

],@m%%ﬂz

K- velem g

(14)

[_Iqrcf"’-B(xQ_qurt‘f) IR
2.2 IDA-PBEHIFED T

M E=C (14) B g A, AT IS 25T PCHD
A8 HARBELE A9 R = 41 PWM 2% 3 #% IDA-PB %
il s A E 2 frs 2o D S i ad E
i v 25 W R I i 5 S B (0 2 22047 LR PLEE
GHEEXAIN

DA 7 2 L = AR H 7 PWM AR s M ], AR 3¢
X HEGEAT T A5 L3 A A 56 IE T H L A L IR £k e
BT O T ESECH . REHEE 220V,
BN 2 A E 470 wF, R A E0E A 6, H AR
B R R 750 V., g A O BTG 1A
Ja FR T F B E 3 R,

M4 0~03 s PR 5 25 38 M AME LTS 10 A
A, A O 2E 286 P 3 I8 JE R L O 0 R £ H R I OB 43
SN 3 (a) ME 3(b) 7R ;0.2~0.5 s P24 R AE 3t
A S AME BN 10 A B ER 2 20 A B, 22 3
LR HL UL DT R0 VO 2 E TR T 2 I 3 ()

w 1]

“wy NaB[ T Ndq e

PR AN i

P

N
PWM >
—>

sin wt cos wt

B2 MMERIR IDA-PBIEFIRER
Fig.2 IDA-PB control of grid-side converter
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PCHD modeling and IDA-PB control of grid-side converter

in doubly-fed wind generation system
REN Jiajia, WANG Jianze ,HU Yinghong,JI Yanchao
(School of Electrical Engineering and Automation,Harbin Institute of Technology ,Harbin 150001 ,China)

Abstract: The model of grid-side converter in doubly-fed wind generation system is built and an order-
reduced PCHD (Port-Controlled Hamiltonian with Dissipation) system is proposed,based on which,the corres-
ponding IDA-PB (Interconnection and Damping Assignment-Passivity Based) control method is designed
according to its nonlinearity and an improved control strategy of energy-shaping and damp injecting is
further proposed. Simulative and experimental results show that,AC-side current characteristics of grid-side
converter are enhanced,the time needed for stabilizing the converter current is decreased and its dynamic
performance is improved,resulting in better system stability and steady-state precision.
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