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Improved control method for DFIG rotor side converters under unbalanced grid voltage
ZHAO Shuai-yang', GE Bao-ming*, Bl Da-giang?

(1. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. State Key Lab of Power Systems, Dept of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Traditional vector control method of doubly-fed induction generator (DFIG) has poor performance and causes unstable
operation of DFIG system under unbalanced grid voltage. Aiming at the defect, this paper proposes an improved control method of
rotor side converters based on a new software phase-locked loop (SPLL). According to the relationship between positive and negative
sequence components of voltage vector under unbalanced grid, this paper analyses the principle of the proposed control method in
detail and conducts the simulation in Matlab/Simulink. Simulation results verifies that the improved control method can effectively
reduce the rotor-current harmonics and electromagnetic torque ripple and stabilize the output power of DFIG under unbalanced grid
voltage. Therefore, the improved method can improve the stability of DFIG system under the unbalanced grid voltage.

Key words: doubly-fed induction generator (DFIG); unbalanced grid voltage; vector control; positive and negative sequence;
phase-locked loop
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Fig.1 Voltage vector diagram under grid fault
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Fig.2 Block diagram of the improved SPLL
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Fig.3 Dynamic response of two SPLLs under two phases
short-circuit with ground
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Fig.4 Schematic diagram of a DFIG-based wind power system

i Rs Los
——1 A
N +
Us @ w Lm
()
N

JWiys

5 EIWHERRLIRAT DFIG BB
Fig.5 Equivalent circuit of DFIG under the synchronous
reference frame

MG 5 T LA 2 [F 2D e A bR &R T DFIG [
HL s 5 e«

. dy, .

u =R, +—=+

S S°S dt lel/ls (9)
. d .

u =Ri, + '/:' +j(o - o)y,



A, A

L Uy u 0 E BrHEAE: i i
BIAE S Her R wos w, 00 sE s B 7 ik
BERE: R RAMNE. BTH: o NP
LS. o, AT HMAEE: o =0, — o, WX
A, L=L,+L,, L=L, +L, /%l E.
PR, Ly, L, AL, 250 e TR, B
U R 2 A R) LUK

3 DFIG 12450 23 AY e 3T I SR A%

LR T, JCILAE R R AR PIR S =
AH = S T HL i P R R LA A AE T U 70
B AR s |2 R I € 7 BEBERE 17 B H s
) (R R0, Tl T R AR P I 5 R 2
P E AU i S BIUE [DR BE BR AR R e AR 22
L, A SCHE T R AR I % S 0 R T R
RRAR, PP A s i ek ik,
FCIE R i B 7 R h 3 PR RN HLUR PSR P, 9
J FE S 0 R T DO A TT AR B PR 2 R o 9 1
BEE )T d Bl AT (9) WAL T AR He g 1 v
JETTREA -

. di .
uy =Riy+oL, d—'d —ooL1,
- di, L . (10
uquRrIrq+O'LrE+a)s :l//sd +O_Lr|rd

L, o=1-L /(L L) NN RS /5=
FL R ANPAET I, R FOHL = AR H I R D3R & m) LA
R A «

R RI=Jui = w i) aD
NS G, KAEL (100 mrf32):

P (t) =P, + P, cos(2ayt) + P, sin(2emt)
{Qs (t)=Q, +Qy, cOs(2a1t) + Q, SiN(2aat)
Xt Pys Qo NE TEIRAT T DI D&Y
BIH: P, s P, WA DIARTA IE SR IE EAE ;
Quyr Qo WKL IIRE IERIEIEE . &
F=L (12) w53

12)

P 0 0 0 0]
s0

P P n n P
QsO l//sd lr//sq l//sd l//sq sq
P |__ 8 (Ve Va Vi Vo Yal,
Qo | 2Ly vl wh —vi || U
P o o0 0 o0fu
_Qscz B _0 0 0 O |

FEL P R T EPIR A TS XU A AL -0 7 e i 1) o 4 ) S s -13-
oy oul o uy |
uf, —ufooug U fin
3L, | U Um UG uh || )
—_— ) (13
2L | ul, ug uf uf | g
n
ug, —u; ug, u; I |
_u; —ugy oug o ug |
W 5 - L LS <
Ugq = JO Wy, (14
il (14) Ar4i:
u? ul
! ! (15)
n n
Y =——") Y =—
1 a)l

WENER, . Qo Py Py WG IE 7
JPHRTIRA N i iy iy 2P, =P, =0,

B (15 AR (13), ZRHn 152

*

Ro

“p* P p n n * 3D
Irz Ug, usq _usq —Ugy QsO + r
iP* PP n N @
|rq _ 2 LS usq Ugg Ug, usq 3P -y
i” | 3DL,|-uy —un o ouy ||
I S sq sq S
- A
rq —Ugy usq Ugg usq 3uspd . uan

| La |

(16)
A (16) *, D= (us"d )2 + (Uqu )2 - (us”d )2 —(uS”q )2 o
X (16) mI Ak &5 e P D v DAVEH 5 %
TG I IE U i, (R DRI IR A
TR S B K D) R EREE RN I Th D e, th T
e R IE oy A R g R EH, B
DL SCI8 I D 2 P A R A3 2107 d g Bhgh e
T, (A I DhF I RIS 2 U7 d g filigy
FEFLUL AT B O AR 3 1) i A\ iy PR A 1E P[]
WAARR R N TR RN

U (P) = R, + Ufy e 2 =

rdg rdg (17>
U(p)+ ju,(p
B (17) w1
uru[i = l'lrdq (p) ej(wpwr)t =
(18)

p pil@-ap)t n a-i(@+o)t
Upyq® + Uy, @



-14 - €A EREYF B
Horr, U o 245 2T B 5~ M0 AZ 4 4 ) HL IR 2R Augy =-o.oLif
o A (100, (16). (18D AT LAL B i AP = | Y5,
FEAR TR AR T 57 00 A 30 38 P R S5 , 42 o Le T (19
HEPI G 6 prose B Auf . AUl + Aug~ Aug h AUl =—woLil
HR AR, BARX (100 AR (15) Wil oLl
s Auy = o, | oLify -
F: L o
Qso I'Zl Augy |_m-‘
N i N + * P, uh Ura
PP @RS T @ TNE
Q;) ;X m Irg + m + Urq e Ul A »(X % ‘@
Po iﬁ;T ! Aug T‘%
> li% Aufy
* > |rdm + ++ Ug n
Pw2 =0 | 3 ®_"’ » -
" i N uj o i@a) .
o |7 ~"_T +TAu"
— Irg q
o 2 + 6
usq_) Eé +
i alebata d
. | SPI:L | « Q0 |yl U
g
& 6 B EEIFFERS T FMTRERITHER
Fig.6 Schematic diagram of the proposed rotor-side controller under unbalanced grid voltage
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Fig.7 Simulation results of DFIG system when power change
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Fig.8 Simulation results of DFIG system using the proposed
control under unbalanced grid voltage
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