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Dynamic Cascade Model Predictive Control of Doubly Fed Asynchronous Wind Power System
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Abstract: The doubly-fed induction generator (DFIG) is the mainstream model in the wind power market.
Since there are multiple time-scale control objectives in the wind turbine, it is difficult for conventional linear
control methods to optimize the multi-objective. Model predictive control (MPC) is an effective method for wind
turbine control due to the high dynamic response performance and multi-objective optimization capacity. However,
model predictive control achieves multi-objective optimization through a single cost function, which leads to the
coupling of the control objectives, making it difficult to design the weight factors and determine the control priority.
Therefore, a dynamic sequential model predictive control (DSMPC) strategy was proposed, which a single cost
function was replaced by an optimization structure composed of multiple cascade cost functions. The control
objectives were ranked according to the average value of all cost functions of each control objective,and the priority
was dynamically adjusted. In addition, the control threshold was used to adjust the number of candidate switch
vectors from the control pre-stage to the control post-stage. This method realized the overall optimal control of
multiple objectives without using weight factors. The effectiveness of the proposed method was proved by the
hardware-in-the-loop results.

Key words: doubly-fed induction generator (DFIG) ; dynamic sequential model predictive control (DSMPC) ;

dynamic priority ; control threshold

BEE XU FRAO SR T R R BT A S ae A i/ RS BT ST BE ) SRR,

TREIR AT A A AT, b X BE SR WA RE IR T XU A iRt pL e,

B RS 4y, B AT A B AL 3 B K i R A K
L BIL AN XU & FE AL A X U 20 & FL AL
(doubly-fed induction generator, DFIG) K H LA AR

DFIG By PR /K LAk — H e e, ik B
Frdg It 10 MW, 33X A 2 R K SR Bk £ H -
AR A FERAR B TF AR AR, LA B

EZ B W (1986—) , 5, Wi+, g TR, =S 7 17 R B R 4 v S L A3 T, Email : tianjiabin1986@126.com
BIAEE R (1984—) , 55 W1, 8, R Ty 1) Sy T4 il 76 8T AR IS 2 i 5 AL AR R e T A LAY, Email : zbz@sdu.edu.cn

85



wAEF 2023F £53K FH 124

| M, WU Rl & G 3 A B AL AL TR 45 )

52 H. (total harmonic distortion, THD) F1JF JEHAFER
= L S AV (three-level neutral point clam-
ping, 3L-NPC) 15 ¢ 1 728 Ui i AE 0% fai 1 21> o J&
HL P, ELAH EEHC Al 22 RSP G i O O 28 £
R NI, B TR DFIG 9
45

BT 3L-NPC ¥ §E 15 22 3 45 (19 DFIG XUy &
I R GE A5 ] E AR A < 1) e/ IV L 3t s 22 DS
LU B L R TC S LU 5 2) 1 = AR
F18 T H T AR DR A8 O A O R E 1517 5 3) BT
KA LA TF A . R T BHAT A AL
P F AR AL A , A R T PE 2 AR 2
FEF AEAITR I H] (model predictive control ,
MPC) BEAE 1 HAC A o B[R] k6 45 HAT A [R]
W] ROBE Y 224> A b o i 245 H bs 19 08 S 9t
it AR Bk i

A% 8 AR I 47 o) 3 o — A R il
ZA P H AR, 73 50 B B[R] R AR B LU € B
FREgesedt . (ARG E Z 0 B A S,
H5 2] (8] RUBE | 250 2, e DABE fe L Y AL
FBORAUST 5P B AR A 56, Ak L AR TR
WP R PETROR o O T PR A TRl A7 9 A
WLH DR TT 58 XA R BGHAT VR RS T A AL
FRGIREE K MPC.

SCHRISTEIA T — 07 0 B AR B 40 8 1 2 AR
i, M) P R T P R R A5 R i A R R
T B3 0 52 W), SR 3 A 7 95 HORE T RSN e,
Blo BEFENGURSR T T — 203 T N TR ey 5
LRI SRR B, Q055 A5 TR OR8]
S ORI, XTI R OR, HBE R AT AL
FE B, YIRE AL AR BT REA IS A
R T

T IHBRACR A, B AT STk T T — 2B 2
Bk MPC J7 ik o FESCHR[8-9]H , #& i T —Fh gL Hx
Y $0 0 45 1l (sequential model predictive con-
trol, SMPC) J5 3% , 4L Z A F il H bn HE 21 18 9 R
S5 R B AC Y R R, ok 2 5 4 bR AR A AR e 2
HEF a8 o fe /b A s DL S R 45 i H AR
AR AR BRI, 5 8 1 — 2B B 0 AN T O Ok i
YENTT — HARR L o SR, 34> By B 1B T
ORI o R B 2 [ E 1Y, HREAR 4 TR 42 16
SE o SCHR[T0]4 Hh 17— Fof 2l 25 0 T A% 2 78 0 472
il (dynamic sequential model predictive control,
DSMPC) , & it i ik T 42 ] 19 {0 1) 42 o 45 18] ik

86

R —ABr Bedh i1 R R AR ARG, R
25 ] LA 7 — 52 BN, SR T, X 48 AR A 45
AL E R B E R . fE LR T ik [ E /Y
T 5 SR s 36 00 D [T )42 1 A0 e R AR 5
Box e B bR i AR e L SR FEE L OF BOE LAIE 1
AR T AL

N EDRAZ IR, AR SCHE I T — 3T ) DSMPC
Tk o AEZITE R, 8 i P F b AR 22 1
TE Z AT BRI Se g, 22 ok i il H AR
Lol e N, PRIE TRDL S 4 H AR i 42 il
RE, S T X2 A HARR S A bl . 1o,
A T a /MU PRBCR P ] B AEL T F AR Y
A ) (LK I R — o B )k i T 56 R 1 ) KK
o NI, 7L BRI AN R BV 250 T IO
[l 42 il 2K

ASCH) F B TARIR X DFIG W7 % HL &
GE AT B s 48 LA MPC A AE Y )L, 4
H 30 2 AR R TN 47 ) SR 5 3 o AR FR )y
HW0uE 1 S il ik A s

1 ZAHARA

ARG T = P8 5 WU 5 4 K
J1 5% R GBI TR, B
HUAN XL % -0 L JRUHIL 2 0 R 0 14 725
R AR m, s flg Ronsi,e, v, R, L3555
L L H R AR 9T R PR L BEL R R R
Vers Vo, Ml o, 43501 2 B3 BE 2PN U245 19 L TR
N LI e 35 P, Q 43 39l oA v T A 2y B 3
MR, AT, FRATHE N 3L-NPC 5 5
AR a5 25 e ML LA B e T A 3 e
HAR

Lo b, S
3L D RAL, a
e =
N : @ Ifl] @ e
o

cT —————

, s AL A H [ f] vl

= Gl Gy T

1 B6F 3L-NPCZE 3 ##9 DFIG XU L R 48 i R Ak 4
Fig.1  Simplified topology of 3L-NPC converter
based DFIG wind turbine system
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Fig.8  Control performance of the proposed DSMPC
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