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Model reduction for brushless doubly-fed wind generators
Part one: multi-time scale model of brushless doubly-fed wind generators

WANG Pei, LIU Yong-qiang
(Electric Power College, South China University of Technology, Guangzhou Guangdong 510640, China)

Abstract: Since the magnetic fields caused by currents of the three windings (power winding, control winding and

rotor winding) of brushless doubly-fed wind generator (BDFWG) interact one another in electric machine space, and the

complex coupling relation among the windings exists, consequently, BDFWG model has the nature of high dimensions. It

is important to reduce the order by making use of the characteristic of multi-time scale of BDFWG, either for operation

analysis or for power regulation of BDFWG. In this paper, the nature of multi-time scale of BDFWG is discussed and

the relevant singular perturbed model with three-time scale is built. The model of BDFWG derived in the paper lays the

theoretical foundation for order reduction of BDFWG.

Key words: brushless doubly-fed wind generator; singular perturbed model; reduction order; multi-time scale system

: 1000−8152(2008)01−0135−04

1 (Introduction)
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2 (Principle of BDFWG)
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n = 60 × (fp ± fc)/(pp + pc)rpm. (1)

(1) : pp, pc

, fp ; fc ; n

. fc > 0 ,

.

{
frp = fp − ppn/60,

frc = fc − pcn/60.
(2)

BDFWG ,

frp = frc. (3)

, ,

,

,

pp, ;

,

pc, .

Sp = (fp − ppn/60)/fp = frp/fp =

(ωs − ppΩr)/ωs = (ωc + pcΩr)ωs = frc/fp.

Sc =(fc + pcn/60)/fc =

frc/fc = (pcΩr + ωc)/ωc.

, Sc = (fp/fc)Sp.

3 BDFWG (Two-machine

model of BDFWG)
, .

:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

[
uds

uqs

]
=

[
ψ̇ds

ψ̇qs

]
+ωs

[
0 −1
1 0

] [
ψds

ψqs

]
+rs

[
ids

iqs

]
,

[
ψds

ψqs

]
= ls

[
ids

iqs

]
+ lm

[
idr

iqr

]
.

(4)

:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

[
udr

uqr

]
=

[
ψ̇dr

ψ̇qr

]
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[
idr

iqr

]
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[
ψdr

ψqr
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idr

iqr
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ids

iqs
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(5)

: ψds,ψqs,ψdr,ψqr

; ids,iqs,idr,iqr

; uds,uqs,udr,uqr

; lm ; ls,rs,lr,rr

.

,

ωs ,

:

lp
d

dt

[
idp

iqp

]
+ lm1

d

dt

[
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iqr1

]
=

lpωs
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][
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iqp

]
+lm1ωs

[
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]
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d

dt
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]
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d

dt
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]
=

lr1ωsSp
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0 1
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]
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. (7)
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; udp,uqp

; lm1 ;
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.

, ωc :
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d

dt
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]
+ lm2

d

dt

[
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]
=
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]
+
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]
−rc
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+
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lr2
d

dt
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]
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d

dt
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]
=
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:

J
dΩr

dt
= Tt − Te − KdΩr. (10)

: J , kd , Tt

, Ωr , Te BDFWG

,

Te =pplm1(idpiqr1 − iqpidr1)−
pclm2(idciqr2 − iqcidr2).

4 BDFWG ((Three-time

scale model of BDFWG)
,

, ,
[5]. , BDFWG

(6)∼(9) (10) , 9

,

ε1

d

dt

⎡
⎢⎢⎢⎣

idp

iqp

idc

iqc

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣

ap bp(Ωr) 0 0
−bp(Ωr) ap 0 0

0 0 ac bc(Ωr)
0 0 −bc(Ωr) ac

⎤
⎥⎥⎥⎦

⎡
⎢⎢⎢⎣

idp

iqp

idc

iqc

⎤
⎥⎥⎥⎦ +

⎡
⎢⎢⎢⎣

âp b̂p(Ωr) 0 0
−b̂p(Ωr) âp 0 0

0 0 âc b̂c(Ωr)
0 0 −b̂c(Ωr) âc

⎤
⎥⎥⎥⎦

⎡
⎢⎢⎢⎣

idr1

iqr1

idr2

iqr2

⎤
⎥⎥⎥⎦−

1
rs

⎡
⎢⎢⎢⎣

ap 0
0 ap

0 0
0 0

⎤
⎥⎥⎥⎦

[
udp

uqp

]
− 1

rc

⎡
⎢⎢⎢⎣

0 0
0 0
âp 0
0 âp

⎤
⎥⎥⎥⎦

[
udc

uqc

]
,

ε2

d

dt

⎡
⎢⎢⎢⎣

idr1

iqr1

idr2

iqr2

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎣

ar1 br1(Ωr) 0 0

−br1(Ωr) ar1 0 0

0 0 ar2 br2(Ωr)

0 0 −br2(Ωr) ar2

⎤
⎥⎥⎦

⎡
⎢⎢⎣

idr1

iqr1

idr2

iqr2

⎤
⎥⎥⎦+

⎡
⎢⎢⎣

âr1 b̂r1(Ωr) 0 0

−b̂r1(Ωr) âr1 0 0

0 0 âr2 b̂r2(Ωr)

0 0 −b̂r2(Ωr) âr2

⎤
⎥⎥⎦

⎡
⎢⎢⎣

idp

iqp

idc

iqc

⎤
⎥⎥⎦.

: ε1 = ω−1
s lp/rp, ε2 = ω−1

s lr/rr

,

ap =
−lplr1

(lplr1 − l2m1)ωs

,

ac =
−lclr2

(lclr2 − l2m2)ωsk1

,

âp =
lplm1rr1

(lplr1−l2m1)ωsrs

,

âc =
lclm2rr2

(lclr2−l2m2)ωsrck1

,

bp(Ωr) =
l2plr1ωs − lpl

2
m1(ωs − ppΩr)

(lplr1 − l2m1)ωsrs

,

bc(Ωr) =
−l2c lr2ωc + lcl

2
m2(ωc + pcΩr)

(lclr2 − l2m2)ωsrck1

,

b̂p(Ωr) =
lplr1lm1ppΩr

(lplr1 − l2m1)ωsrs

,

b̂c(Ωr) =
lclr2lm2pcΩr

(lclr2 − l2m2)ωsrck1

,

ar1 =
−lplr1

(lplr1 − l2m1)ωs

= ap,

ar2 =
−lclr2

(lclr2 − l2m2)ωsrr2k2

,

âr1 =
lr1lm1rs

(lplr1 − l2m1)ωsrr

,

âr2 =
lr2lm2rc

(lclr2 − l2m2)ωsrrk2

,

br1(Ωr) =
−l2m1lr1ωs + lpl

2
r1(ωs − ppΩr)

(lplr1 − l2m1)ωsrr1

,

br2(Ωr) =
l2m2lr2ωc − lcl

2
r(ωc + pcΩr)

(lclr2 − l2m2)ωsrr2k2

,

b̂r1(Ωr) =
−lplr1lm1ppΩr

(lplr1 − l2m1)ωsrr1

,

b̂r2(Ωr) =
−lclr2lm2pcΩr

(lclr2 − l2m2)ωsrr2k2

,

k1 =
lc
lp

; k2 =
lr2rr2

lr1rr1

.

, BDFWG

ε1

dIs

dt
= A(Ωr)Is + B(Ωr)Ir + CUs, (11)

ε2

dIr

dt
= Ā(Ωr)Ir + B̄(Ωr)Is, (12)

J
dΩr

dt
= Tt − Te(Ir, Is) − KdΩr. (13)

: Ir = [idr1 iqr1 idr2 iqr2]T

, Is = [idp iqp idc iqc]T

, Us = [udp uqp udc uqc]T

; A(Ωr), B(Ωr) ∈
R

4×4, Ā(Ωr), B̄(Ωr) ∈ R
4×4, C ∈ R

4×2.
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5 (Conclusions)
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5 (Conclusion)
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