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Abstract: This paper is concerned with the robust H-infinity control for the direct-drive permanent-magnet synchronous
generator(PMSG) with varying stator-parameters. The model with varying current-parameters is considered the uncertain
descriptor system, to which we propose an output-feedback H-infinity control scheme, and use the internal-model-principle
to develop a type-2 controller for eliminating the impact from the aerodynamic disturbances to the rotational speed in the
steady state. The controller synthesis is formulated in solving a set of linear matrix inequalities(LMIs). Simulation results
show that the proposed algorithm implements desirable static and dynamic performances, evident disturbance rejection and
strong robustness under a wide range of variation in the stator parameters.

Key words: permanent-magnet synchronous generator; uncertain descriptor system; robust H-infinity control; linear

matrix inequality; internal model principle

1 5| = (Introduction)

TR A LA GE IR A e AT R A B tH B R
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n] H ) AN 52 descriptor R G I 255 T1 15453 216
S Ik R B BUR = R R T oaT| A ) R R WA E o
il A k.
2 PMSGHRY K ¥ il [a) @ (PMSG model and
control problem)
K R LB, 11 3 58 10 FTPMSGAK 7Y
1.
Ug = —Rgiq — Latq + Lqweiq,
Uqg = —Rgigq — Lqi'q — Laweiq + wo ¥,
Ty = 1.5p{Wsiq + (La — Lq)iaiq},
Jwe + Bw, = p(T — T¢),
N wg, ug, a, g 200 R FE L, gl v s g
S5 we ke HL AL W oA M A T
La, L WA ETd, ¢ 530K, RO+ HLFH,
JFI By 9 A B - ) e sy 15 AN BE B R A T o K
WAL IR TGN R s
ALY AT BLFE L ug ST R & A dh L.
i Afid, gHiIRES fERE, K E Fdig w o 5 =
O 7 20, H4 La = Ly = L, WHRL(D) 4 A:
Lyiq = —Ryia + Lywa — ua,
Liqg = —Rgiq+ [T — Lwg —uq, (2)
Jwe = —Bw, + pwr — 1.5p*W;i,,.

K wyg = dqWe, Wq = [We Wela], wr = T, FIAE
I W) AT LG H, el n] e gl A s s 2 .
X R R RS, AW R EE H bR 1) G
PRI AE A b PR ER AR 1) R, DASREUE: K XA 2) fig
T KRR BETH B B AR B 0 K L RT3 3) X T
RIPHAEAF TOL T S HRA, I RGREA K
F D2 ER . S TEREY )8, T g ke
e 222 (1) ) A ) 24 3 B A 3 1 4 o1 S Bk ST
2) ] DAAEH o 358 1 v e 608 1 1y, DA 24 PR R
20 W 7S ) B — o Y SR R E — AN AL
ST AR, W AR AR DL B N TR R e, s HR
FH R 5 UK Lo R A KU I A2 4k, FF Ho i & 24
R IR A5k 23 30 1) 2R b, R 2 Bt 1t AN e T 1)
vt J7 e CAAERf A e 2L
REL MW H#IAA: [Ry L] = [Ro + AR

Lo+ AL], Ry # 0, Lo # 0. Ak, PMSGH #1% N
HAG B HAH 2 YE R descriptorfi 7

(I+AH)i=(A+ AA)z+ (B+

AB;)w; + Bau,

z = C1x + Dyywy + Dysu,

y = Cox + Dyywy,
KPAH, AA, ABy RALBRUAN & 244, W5 /L VLT
KIFAH AA AB)| = EX[F, F, Fy, i E,
Fy, By, F3oh R RE, X0 2 XTY < TN

ey
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EMME, HF, — R A, F\B,, B E¥AEG R G,
HRMEAB W R Z&AF|AB,y|| < 6| By, HH] - ||
SRR YE L, 00T LA IE WAL A
[(By + ABp)wil2 < || Bi(1 4+ 6)wi |2
Lw = (14 0)wy, WXGB)ZN:
(I+AH)i = (A+ AA)x + Byw + Bsu,
z = Cixz + Dyw + Diyu,
y = Cox + Dyw,
“4)
EEEF‘ Dll — (1 +5)_1D11, D21 — (1 +5)_1D21. 5
2 MR AN s R g v B B, X R 5 5 15 )
ANHRI RS, W HLAR ST )N,
ZRELL T R4t
{ (I+AH)i=(A+AA)z+ Buw,

5
z=Cx+ Duw. )

XFATEE BN > 0, & A5 5 )
2o = NN —Fii + Fx), wy = Xz, 6)
I ENE Y BN LI B
i = Ax + AEw, + Bw,
z2=Cr+ Dw, w, = Xz,,
2z, =N HFy—FiA)r—F,Fw,—\"'F, Bw.
(7
WA 23 A8 P 5 e 45 0 hw,,
M5 IR € Aw,;, Q)M 0] 8 R R
Sh B TE R R ) 28 KRN U R B K S K
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2) [T (5)loo < o 3) BETETM 22 L FEFR I 2
4) ARG IKEE: 5) || T 0, (8) |00 < i
3 H #2315 v (The H,, controller design)
FR 4 202) AT Ml 7 B T gl R AT ) g 5 i T
A, H s BT R G B AT BT RSk,
IS H A O R R BOE IO k. F &
RAGDSMHHRAE(AH AA] = ORI RS):
T = Ax + Byw + Bsu,
z = Cix + Dyw + Diyu, 8)
y = Cow + Doyw + Dayu,

A
W' = [w] wy], C1=1[0 Q7*T,
_ 0 0 _
o [o O | P

WXIVT > 0, 24 I3 R G0 L
T T
fo (e"Qe + uT Ru)dt < ~* fo whwdt. (9
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Fig. 1 PMSG control schematic

3.1 A sEdescriptor & 4t 1 % ] 8% ¥ 11(The
controller design for uncertain descriptor sys-
tem)

SIE 1 4y > 0, WERAFAEE MR > 0

NOEERFEX > 0, 43

ATX() + XpA X()B CcT

* —~I DT | <0, (10
* *  —l
R (5)im ALV g dR bR f15). b B = [B AE],
. c . D 0
C= D=
AN NP - RA) | [—A‘lFlB - E

EE 1 HEFENZGOMbrEN > 0, WAF
T4 R il K, LS K (1):
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XTI
>0,
1Y
(T Ki Ly AE My M,
« Ko Lo \YYE My Mo 1)
x x —yI 0 Mg N3
x % x —I 0 —(FE)T <0,
* ok ook ok —ry] 0
* % * * * —~I

E;IJ:
J = AX + ByC + (%), K1=AT+ A+ By D0y,
Ko =YA+ BCy+ (x), L1 = B; + BoDDyy,
Ly =Y B, + BDy, My = (C1X + D1,C)T,

)

Mo =(C1+D12DC2)*, M3=(D11+D12DDyy)T,
M = \"H(F, - FLA)X — FiB,C} T,
No = A"1Fy — Fi(A+ BoDCy) ",
Ny =-\"1F (B + BzﬁD21)T,
i 45 th ) 5 XA DAL PR R GE =3 2 1 B
FRPROFIS) I 78 73 S5 A AT AEX FRFE BE X, Y R
MiA, B, C, D, fif8R12) (AL il FBUAT fik.

BEIT, B X, YRIA, B, C, D& X(12) 1 B Al iR,
I B U2 S U H oo 225 25 (1 1) I R EUH R Ny

MN' =1 - XY, (13)
Ay = N"YHA—Y(A+ ByDyCo) X —
NByCoX — YBCMTyM T, (14
By, = N"Y(B—-YByDy),
Cr = (C — DiCyX)M~T, Dy, = D.
ik @ ERADA I HIR RGN
Ta = Aaza + AEaws + Baw,
2= Cuxa + Dew,
— 1 _ _
2o = AN [Fy — F1(A+ BaDyCo) (15)

FlBQCk]JZd - FleJ—
ALF(B1 4 By D Dyyw),

| Wo = X2

A

- [.CUT ST]T Ay = A+B2Dk02 ByC},
cd = , Acl =

B,.Cy Ak
By + By DD
1 2k 21]7 F.

)

E

Bcl = 0

)

By, Doy
Ca = [C1 + D12D;,Cy D12Cy],
Do = D11 + D1oDy Doy
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HI G, PR R Ge A2 VE REFR AR FIS) I 78 70 %
PERAAEIE RN > 0JOEE R X > 0, 1§45
AaXcl + XclAcl XCIBCI éT

cl

x —I DI | <0, (16)
* *  —l
EAVEF
Bcl - [Bcl )\Ecl];
~ C
Ccl — . Cl ,
ATH([F2 0] = [F1 0]Aq)
- Dcl 0
Dar = -1 -1 :
—A Fl(B1+B2DkD21) — N E
Y N L |x M
A Xy = Lol Xat= ; , Hhx,
YIEE, M, Nk, X' Xo = 1713
X I X I I 0
X = , HX =
o [MT] 0] . [MTO Y NT
&
X I I 0
F = ) F - )
P MTo| TP |y NT

WA FEXqAqFL = Ff AqFy, FI" X Ba = Fy Ba,
FEXoF = FFFL 0 a0(16) 28 6 4 RHMIBES =
diag{F{', 1,1} 58T, 3%

A=Y (A+ ByDCy)X + NByCo X +

YBQCkMT + NAkMT,

B=YByD; + NB,

C = DyCoX + CuMT, D = Dy.
RA6)% T 20(12), B, A2 XX X =
TV R AD AR 12)~(14). ke
3.2 T A AR JRUE N % 3 5 T 8% (Speed con-

troller design based on internal model principle)

ARHls AR B, I RGeS TP BR A5 5 o i 22

(K1 78 73 b BEA A TT I A% 3 i b 2 D05 — A

AR, WEsHIER A K (s) = s Ko(s), WA
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Fig. 2 PMSG the structure of speed controller

i = v, WE@)FFN T LU N et~ R 46
n= 12117 + Blw + Bgv,

z = Cin+ D, (18)
y = Con + Dayjw.
- A By| =

K= [2T 1), A= 0 0

By = [0 II", Cy = [C1 Dia], Cy = [Cy 0],
D11 = D11, Doy = Doy.

Al CUE H, SNA8) R E R G, Al AR e B 1K fig
P es. DB R e BR1SRAG e #
& Ko © {Aky. Bko, Croy Dy} Wi 2R GE(8)iH
JEPEREFEAR 1)~ 3) ) B UL H oo e 345 Il 25 1) SR A

.B1=[B] 0",

: AKO 0 By,
K, : o = CKO 0 Eo + DKO Yw, (19)
U= [0 I]Ew.

Petb i) @2) T =45 8 A LMIZ R A gtk H
Fr e £ A4 iR) 8, AT FHMATLAB/LMI Tool-
box H ) mincx 3K fifE 45 A fi# 1% i) R, SR Ao A
T

Step 1 F1 0T L AU Y Bl B 1A T B 200 (18) 4%
F(12)8) BLMI, 3K fif 2 3 4 ol 2% i X (12) 1 4%
RGN {A, By, B2, C1, Ca, D11,0, Doy, 0},
F1 = 0, FQ = 0;

Step 2 Hmincx=K fif &5 M 20(12)H =K 745 %) Fx
FEFEX, Y RS FRAEREA, B, C, D,

Step3  FIHTI— XY 7 RE @A 2IM, N,

Step4  FIFHN(14) K15 Hmi i 2%

Kia: {AKqs Bas Orias Do b

5Kiq: {Ak,.s By, CKio> Diciy } Bl A i B
%%KO: {AKO) BK07 CKQ’ DK(]’ }’

Step 5 R 5 X(19)75 ) 5 1 TG i 7= ¥4 il 4%
K,:{Ak,,Bk.,.Ck,, Dk}
4 i 57 (Simulation research)

R B UE AR SC P H (R ) g vk, BN R Ak
)25 R 7 & F LR AT 4 3 101

J =245 x 10°kg - m?, p = 28, Aopt = 6.32,

B =151N-m-s/rad, ¥t = 5.4388 Wb,

R, =0.0069, Ly =2.56mH, Py = 1.3MW,
r=25m, p=1.225kg/m* Cpmax = 0.4382,
KA HLEN 2 ik wN = 3.5rad/s. € T HPHRS &
T HUR L AE O BRFRAE 1200%, B

|ARg| < 0.0129Q, |ALg| < 5.12mH.
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2 2 ==
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Qia = 20%, Riq = 20%, \iq = 200.
P (115 e B ERG FiE 62 2505 PERE e be
Ay

(Kw77w):
(9.38>< 10%s% — 3.87x10%s — 4.59x 10° 5100,
§3+293524+48644s

—7x107*547.09 x 109

Ko, Vig) = 41.

(Kiqvia) = (— " 7eavqoso498)
—7.04x107°s48.78 x 107

Kq.vidq) = 400).

(Kia, via) = ( 515.91x10° ,400)

ASCIER SCHR [T 5 H IAR R 22 N I
b #2 ifil(model reference adaptive backstepping con-
trol, MRABC) /7 VE#EAT T 1 BT 9%, HeBeih 24
M
Ky, =2000, Ky, =50, Ky, =10,
K = 400, Ky = 400, K3 = 3,
A1 = 0.0001, A2 = 0.00001.
MG ECIE FE AT BUE Y, A SCBE 7 vk ) A
A PEAR LA 2 e vk S 42 ) 2% 2 B il — ZHLMI,
P R 80 45 0 52 4 5P & 458 ) J7 vE A R 1
MRABC; 4 7% 1 2 U A% 1 - 4 B 42 1l 1)
T AR AL & B2 AR LMY A K 2 AR BIHE
2T B XN TSI EERAR R IPMIS G I i 5K
iR AR
FELLR 7 545 R R B8 “MRABC” 275
MRABCJ5 {4153 2 (I N 128, R AR “pro” s
AT AW f, TR “ref” FRshstfi
=,
4.1 FrahAPEEE(Static and dynamic performances)
K130 PMSGHER B12~14 m/sffr K R f 1 3 (i
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T30 5 AR VR AR e i R g T A AN
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Fig. 3 Static performance

4.2 PiLshAE J1(Disturbance-reject performance)

B OEL s Z) H112 m/sTH i #1114 mys, 1.2
I 3 FEAR 212 m/s, Wor] H T BRI B). K42
ofE FHISE Ry e 2 il 2. 1] 4 a) v e 3 ) 87 1 52 2
RS [ R W AN [ Pl SPGB A R S TN Pl e
21, YT B i N 1) B A N R TTMRABC
R TR TOU g e R A R AT T A A
TE I AT R, A e I 5 A 38 0 Wi 8 28]~ 1l
MR, BB ) AL AW . R, X
ARG, ATV R 3 P 4 (b) 7 R 8 O 29
S Al 2 Jm TG m) s AR IS B, AN, TR R AL
P4 (o) 75 3 i 125 Fie KB 2 o TR Pk 52 81 e KA
SEHL T KUBE R B KA 3R, TTMRABC 7 V4 FR I 2R 58
EE A BEAN XA P By o 7 v 48 et 9 e DI ARL, AH
(1), )28 ZEAE HEAN 1 v 0 i 25 e KA. X6,
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Fig. 4 Disturbance rejection performance
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Fig. 5 The response curves as stator parameters varying
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Fig. 6 The response curves as real wind acting on

5 #5i8(Conclusion)
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(T H oo B 425 Tl 550925, 17380 il WL 2 4 T 25 T 22
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N B R, RSB Y R KT N R B
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