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Overview on New Control Strategies of Brushless Doubly — Fed Machine

GAO Bao - long' HAN Li' YANG Shuo® PAN Hong — guang'
(1. Chongging University Chongqing 400044 China;
2. XD Jinan Jibian Zhiheng Electrical Equipment Co. Ltd. Jinan 250300 China)

Abstract: In order to track the newest control strategies of brushless doubly — fed machine ( BDFM) the system struc—
ture and mathematical model of BDFM were briefly introduced. The basic concepts of three new control strategies which
were active disturbance rejection control passivity — based control and sliding — mode variable structure control were ex—
pounded. The current research advantages and application fields of the three new control strategies in BDFM were intro—
duced. The development tendency of BDFM new control strategies was discussed. Some new ideas for the thoroughly researc—
hing of BDFM control strategy were provided.

Key words: brushless doubly — fed machine; active disturbance rejection control; passivity — based control; sliding

mode variable structure control; overview

9_14
0
BDFM
( BDFM) 20
Hunt  Broadway BDFM
'~ . BDFM . BDFM
N 15-17 18 -21
. 2B BDFM
° BDFM
BDFM BDFM
N S BD- BDFM
M N N o
. 1 BDFM
20 80 BDFM 1
Py
A pc °
7-8

12012 -02 -23

(2007DA10512709203)

59



R > st St s

P >
L %L
ﬂ[umaﬁﬁ.‘—% - BDFM

Thegei, 33
p B S =

r— BN RN o
— &) ) BDFM
AN " e
1 615 18-23 25-26
o O * Lpp pproz)r 0 0 Mprp ppMp,.a)r Dj‘lp [
Ehdpg g— ppra)r r, + Lpp 0 0 - ppMma)r Mprp %“"g
(b, 0 O O 0 r.+Lp pl.o, -M,p pM,0 15,0
0 0= 0 M O (1)
guw.n o © 0 -pLl.ow, r.+Lp pM, o, M.p Tie0
4TE B Mprp 0 -M_p 0 r.+Lp 0 .‘FB
DeBoU 0 M.p 0 M,p 0 r,+ Lpt, U
UFRNTHRN TN . « »”
d+q P UgesUgenTgonTye o
N d~q HETHRN THRN PN “ 7 ( AD-
N d+q v LN LL, RC) . ADRC - ( TD) .
N AN ( ESO) (
r, . NLSEF) " 2 .
MM, N : D v( t)
1 PpPe
y W, Zy Zp ttt Z ESO Zy 2y
' p ° T a4y, 2y n+l ;
BDFM 618-212325-26 I
T, =T, +T. =pM, (i, = igi,,) + NLSEF; NLSEF
PM(ipelge = Taclyee) (2) A(1) o
T, T R g |
o 10
o o o) |
BDFM o182 |
1 1 K, (3 o
N N N 2
o 15 -16
(1) ~ (3) BDFM BDFM
dq o o 15 (1) ~ (3) BD-
2 BDFM M
BDFM . . . BDFM o
o (1) ~ (3) TD.ESO.NLSEF ADRC.
. BDFM BDFM
BDFM 16
N N o BDFM o
BDFM o

2.1



ADRC

ADRC

ADRC

2.2

BDFM

PBC)

o 20 90

PBC

27

3 BDKFM
18 - 19
0 PBC

BDFM

lqc ~ge Wy
dq

udc\uqc\wr

U ~Nup~u,

BDFM

BDFM

BDFM

20

BDFM

Ortega

o PBC
21
BDFM N
o PBC
PBC
N PBC
11
10 28
9-11 28 . BDFM
PBC
BDFM
2.3
Utkin
29
k:f(xut) xeR" ue
Rnl
s(x 1) seR”
u'(x1t) s(xt) >0
ui(xt)=[‘( ) e i=12m
u (x 1) s(x1t) <0
(4)
‘u (x 1) #Au(x 1)
8 24
22 BDFM
BDFM dq
Al P* \Q* Sl
=P-P 5,=0-0Q Lyapunov
N BDFM
4 o ;
BD- |
FM '
o 23 BDFM

61



62

Lyapunov

ThEsedl

FEhHL DFM) } | 2
v&# -
geia
DR 5
Sy AL
o

BT EREE.

FrhhE e |

BDFM

BDFM 25

30

5, BDFM

BDFM
BDFM N

BDFM

BDFM

BDFM

11

12

13

14

15

Hunt L J. A new type of induction motor J . Journal Institute of E—
lectrical Engineer 1907 39:648 —667.

Brodway A Burbidge R L. Self — cascade machine: a low — speed
motor or high frequency brushless alternator ] . IEE Proceedings
1970 117(7) : 1277 - 1290.

Wu Tao Wang Xuefan. The scalar control research based on fuzzy
PID of BDFM stand — alone power generation system C //2011
International Conference on Electric Information and Control Engi-—
neering ( [CEICE) Wuhan China 2011:2806 —2809.

Poza J Oyarbide E Sarasola 1. Vector control design and experi—
mental evaluation for the brushless doubly fed machine J . IET E-
lectric Power Applications 2009 3(4) :247 —256.

Sarasola I Poza J Rodriguez M A et al. Predictive direct torque
control for brushless doubly fed machine with reduced torque ripple
at constant switching frequency C // IEEE International Sympo—
sium on Industrial Electronics. 2007: 1074 - 1079.

2010( 6) : 69 -73.
Alleyne A. Nonlinear system: analysis stability and control J .
TEEE Transactions on Automatic Control 2000 45( 12) :2438 —2439.

M .
2007: 149 - 155 161 —163 185 —188.
Mendes E Tijerina — Araiza A. Experimental comparison between
field oriented control and passivity based control of induction mo—
tors C //Proceedings of the IEEE International Symposium on In—
dustrial Electronics Conference. 1997: 84 —88.
D .
2002: 3 -5 106.

2009:5 -7 166 - 167.

2005 20(3):1-6.

Zheng Qing. Reduced — order active disturbance rejection control
for induction motors C //2011 IEEE International Conference
on Control Applications ( CCA) .2011: 1139 — 1144.

Zhou Xuesong Li Chao. Application of ADRC in variable — speed
constant — frequency wind energy generation with doubly — fed in—
duction generators C //Proceedings of the 29th Chinese Control
Conference. 2010: 6061 —6065.

J. 2007 25(6) : 146 —149.



17

18

19

20

21

22

23

24

w/V (2 VI wV (100 mV/EE)

. 2008 29( 12) : 1477 — 1483.
J.
( ) 2006 34(1):60 —62.
T 2000 6(12): 1425 —1429.
D .
2011:58 —65.
D .
2009: 52 —68.
. 2011 15(11):1-7.
. 2007 28(1) : 68 —73.
] 2011 28(9): 1195 —1201.

Valenciaga F. Active and reactive power control of a brushless
doubly fed reluctance machine using high order sliding modes
C //Proceedings of the 18th International Conference on Elec—

trical Machines.2008: 1 —6.

52 )
%é LS &
t ARG S
e |
£
>}
Sf  m RS b

dms (10 ms/#%)

13 60° 14
T
S| A 4 LA AT L |
;; i wm2 |
=1 |
> RGERARGRER |
3
t/ms (10 ms/H&)
15
4
3 kW
(1)
PWM o

PWM

25  Shao Zongkai Zhan Yuedong. Adaptive fuzzy sliding mode control
for brushless doubly fed machine C // ISCID’ 09 Second Inter—
national Symposium on Computational Intelligence and Design.
2009 2:73 -717.

26  Li R Wallace A. Two —axis model development of cage — rotor brush
—less double — fed machines J . IEEE Transactions on Energy
Conversion 1991 6( 3) :453 —460.

27 Romeo Ortega Antonio Loriad. Passivity — based control of Euler
— Lagrange systems M . Berlin: Springer 1998:265 — 308.

28

c //
2002:1 -4.

29  Utkin V I. Variable structure system with sliding modes J . IEEE
Transactions on Automatic Control 1977 22(2): 212 -222.

30 Valenciaga F Evangelista C A. 2 — sliding active and reactive
power control of a wind energy conversion system ] . IET Con—
trol Theory & Applications 2010 4( 11) : 2479 —2490.

(1985 -)
(3)
PWM
o
(4) :
1 M.
2010.
2
J. 2008 17(4):2-3.

3
J. 2011 12(3):3 -4.

4 Dsp

D . 2009.
5
J. 2006 21( 10) :67 -70.

6 Sahoo N C Xu J X Panda S K. Low torque ripple control of
switched reluctance motors using iterative learning J . IEEE
Trans. on Energy Conversion 2001 16(4) : 318 —-326.

7 J .

2011(5) :5-6.
8 I
2012 34(1):19 -21.
9
J. 2008 25(12) : 134 -138.
10 Mir S Elbuluk M E Husain I. Torque — ripple minimization in

switched reluctance motors using adaptive fuzzy control J . IEEE

Trans on Industry Applications 1999 35(2) :461 —468.

(1987 -) .

63



