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Review on Control Strategies of VC-DFIG
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Hefei 230009, Anhui , China)

Abstract: With the increasing proportion of wind turbines, the characteristics of low inertia and weak damping
of power grid become more obvious, which brings new challenges to the smooth operation of power grid. Traditional
current-controlled strategy is difficult to obtain accurate grid synchronization information in weak power grid by
using phase-locked loop. Based on voltage-controlled,power balance equation is constructed to obtain synchronization
angle, which has good operation performance in weak power grid. For this reason, firstly, the outer loop synchronous
mode and the inner loop control structure were classified to study the voltage-controlled structural deformation. Then,
for the weak power grid scenario, the impedance/admittance modeling was combined to analyze the stability of the
voltage-controlled weak power grid. And the strategy of suppressing medium-high frequency oscillation in the
complex power grid scenario was proposed. At the same time, the field operation test of high-power voltage-
controlled doubly-fed induction generations (DFIG) was introduced. Finally, the development direction of voltage-
controlled was pointed out to provide reference for the follow-up research.
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Fig.1  Virtual synchronization control block diagram

under power synchronization mode
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Fig.2  Virtual synchronization control block diagram

under torque synchronization mode
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Fig.3  Voltage-controlled control block

diagram with PI control inner loop
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with virtual impedance strategy
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Fig.5 Mathematical model of the active power control

1) 1st-OTE £ J5 30T, A7 Zy [0 g% 4% il 2 19
BTN

1

Gm(SFW (8)

g S R SCHIA] R A A
2) B PLAA ) &t ol RIAE A7 Zh 2l R 4%
il S BB 5 58, A Dy 1] g o i ) 2 11 7 7R b

K
GPLC(S)ZKP"'iI (9)
S

7 P, PR A1 8 R AR AR AL B, PR Y e ot i 1 2
RERERETETSHEME, 2 :AH A
AN YT T4 ) P A0 RE A i 2t S B 2 R B B A
], A A A T T A A 114 2 B B g
EOWL . T8 i T Y PLAE 4% 0 5, [R)RE AT LA
UER ST BRI e 51k

3) LL il & AE 1st-OTE #8161 75 X Bty 1
A NS o SORPE RIS TR P—f T T
fit o A7 FaE L T IA—AHRY A i Kok
A R Ty At o B D A%, AT [ g 42 )
45 il 7

Kys + K,
Gpc(s)= s+ K,

5 1st-OTE £ l J7 XM b, LL 4% i U7 R
$8 1) 3R 9 4T A% 356 oR BB R A R AR T —
AEAMYE R I B B NE B P—f R
P, AT DA S TR RIBH e S 80 E

2 3M T VC-DFIG #4 & M 57

5553 FEL IR IS XU AL S R AL 2 ) A R P ) e
J& H AT SS9 — > H L. VC-DFIG >R 2 T
Ty [ 28 19 75 X RE % A S0 /N BIURH 25 [ 45 e
AR B S, AR S B T s AT B —E
Lo

(10)



wAEF 2022F F£52K H224

RIS T R ] A WA R o, B2 A ) SRR

2.1 VC-DFIG &%
2.1.1  dg Sana

X T 45 HIHE [ 1 f9 VC-DFIG 1E dg 5 40 i34
1o A S R T R IR A LA R AR 285
IIME S LA S 15 B 5E - I HL A AR 2 T Y
IR,

DL AN S E/IME S A8 i, DR
IME SRR KR .

%
[Aer} _ | sUs+D) [AP,} (1)
Au, K, |LAQ.

MR R 28 05 F2 nT LG 25 T d, o Jil
W

p

u, = u,cosf,
12
{uw = u,sinf, (12)

5 R ME SRR PR R SR TZ
FEERY
Au,, —u,sinf, cosf,, || Af,
|:Au‘.q:| - [ u,,cosf sin@,j[AuJ (13)
A0, A B A T A RS
RS WUt HL AL /M o O R, A5 3 Y BEA
Au, Ai, Zu Z, | Ay
[Ausq:i ) _Z‘""[Aij ) _[zqd Z,,MALJ (14)
2.1.2 JyBHATE
XF T THIHE 8] 3 R B TR e At AL ey
A B P BHBTA A | 7E AR AR rp 2% R T R
W8 AR IR o R DL ORI AS A
R
E SCIF I 5 FL R ARG - v A AR Y 3R
BAE

V, =05V, e™ f=xf
wlf1=1" " BNCEY
V, =05V, ™ f=xf
" I,=050,e""  f=x(f -f)==+f
L, = .
1,=051.e""  f=x(f -f)
(16)

A Vs o, 23900 D 5 v s R T AN AR A7 5
V. @, 70 IE P L 8 H TR IR AR 5 1, 0,0 0
99 b P 5 WL RS AR (S AR L 5 1, @, 0900 R B
T IE R Y 3l v I I (R A 5 f. S % 107 17 0 Y
PGV VL L AR ERR T B2 RUH

SE T 3 DAL g A T A

3(Val, +Vil,) DC
Plf]= (17)

3V, I+ VL) f=+f ~f)
3j(-V, I, + VII,) DC
Qs[f]‘{ﬁ(:vpl:l vy fexf - Y
Ao L, e R A o SR s 1, 0 E T IE
JF Bl e gt B 5 AR " 3R B AU S DC
TR HILIE M -
HR A1 T 2R P15 2 1Y £ B R /MG 5 4 &
FEA A R =
AO[f1 ==3m,(s)(V I, + VL)) f==(f, -f)
(19)
Au [ f1==3jn(xV I, =V IL) f==(f -f)
(20)
Horp m,(s)=1/(sD + Jw,s?)
A an LG
Ty 22 20 % L0 1) #R FE D0 3l AR (B B0 20 4 3 1
d,q oy A% 18 B8 7 H R PR RN FE 7 H A R 4
il o e WIS BT U d, ¢ Sk o
FiRA T
w,l f1=H (s){[-3jn(FV I, = V/I,)~V, +
(VI + V1)V sing, | H, (s) +
VI, + Vi) sing,, — 1)

p

3m,

(
3m,(

— — ——

(21)
w,[ f1=H, (s){[=3m,(s)(V, I, + VI )V cosp, +
iV IH . (s)=3m,(s)(V, I, +V/I)-
Iicosp,, +jI}
fzi(fp _fl)
(22)
A aH, (s) H, () 73500 8 7 5 LR BRI 1L U
A PIS%L,
SR IS U i AL BELATOARE R, 45 380 - 1)
H FEAE - HL Y P BTG &R o
22 HHBERSH
X T IAE 18] 3 5% FH e BET A A 38 1) o
TE T BEATC I 4 1 G 8T 6 JT 7, T v S 2k AL 2k
G391 VC-DFIG 4 H T 5 BELC 05 45 PR 41 930 46
EET o VC-DFIG IE Fy 4 Hi BHL T i {8 A 1= 52 B8R
TR A LR A i K A W, B
WA b33 iR AF G A 2248 . VC-DFIG % i
1E 7 BEATC A AR A 7E 20 Hz LT 52 B B4R, 76
50 Hz DL I AR 32 i 52 90 BE B e, HAR A 2 81
Kk, A B B AR AR IR 3 90° LA |, 7RI
it BEBTR 2R S8 RS M AT o0 A b & B, BB 1



B AR Tl R ) A UK L AR ) SR e 4R

WA 20225 H 524K H22

F G ) 32 oA 6 RELAE 3 SO, i 5 ]
B R A TR A . AR S I X L A AR 2535 5]
180°, W R G oy TEZ S K A VEIR IS . 7] WX
T HR R DR RN T, R GE A B #E 20 He
PURNAN kHz DL EAE = A i iR 4

ZV(‘-I)H(;

Zycpria

10 10 10° 10°
fIHz

K16 VC-DFIG i t 13 BT B A 4]
Fig.6  VC-DFIG outputs positive sequence

impedance Bode diagram

2.3 M T VC-DFIG = i #R 0 I

2.2 795 1 BT 40 A rT T, VC-DFIG 742 A
FFERMEE 55 H B & 77 A v s S IR L S R SR
AT AN o TR H A T PR B0 5 a2
FEH, K22 2R FH B hn BELJE 47 i 3w, 3 ik o 99
HPRET , 75 AT BE A AR VIR A T X6 1 P A A3 22 D
/NE 180° AR, M T 5% G ik fi 7 A 1R I 4
=Yyl

TEFERIHE B 3 155 L i 20 in AR BEL e
PR MG R 7 s . i o, ks
B A PR KR BEE R AL

s+o,

BT BB e 2 il S
Fig.7 Additional damping control strategy

LR MEAE R TR T A E THIR d, ¢ Bl
Tt dik, I3l e v e 0 0 A R R S 15 P AR
W, PSR T LR R AT LA s R
PO X A IR 10 i 5K wis 2 )= 19 VC-DFIG i i
BHPTHEA T A, o i 1B P BT N

A, = =Gy (sF2mf))H, (s ¥ j27f,)*
[1+j3m, (s Fi2mf )V 1]
(23)
A, ==%i3G (s F )2mf))H, (s F j2mf,)-
m, (s F2mf) 1,
(24)
Hr G (s)=Kisl (s + o)
KeA,, A, 535 R TE ¥ 43 5 19 43 F F1 5 Bk
IEYTR ST 5 G (s ) SRy BEE AN BEL & 45 i 5 i 55 4 1 128
&1 8 Sy I AT SR ) S W& 5 VC-DFIG % i ik
JFBEATCI AR o 78 AN AT 9 410 1] SR s BT, #L TR0
T &Y 5 VC-DFIG ¥ R G fii i AT IR E A T A
S BT AR A 22K F 180°, RS % 774 1 kHz
PhERE RS o 2 AGE R i SR ek 2 05
VC-DFIG % th FHPTIRAE Mt 2k 4% |, il e & Ak iy
PSRz A, AHAL M S i)y, Rl A FH
Je RE A A M TR E 2, AT
I REE R A L BRI Y B 32 5 6 g 1 AR A6 22
B /N T 1800, HE A —E MR, RGAL T
TEARZS , SR HH BRI B J& 42 i 5K s BE 8 A7 A% 4 11 31
PRiv =4

100

fIHz
518 AR SR 8% 5 VC-DFIG i i 1 J7 BT R A
Fig.8 VC-DFIG outputs positive sequence impedance Bode

diagram after adding resonance suppression strategy

3w RS A A R WL LA 6 R

N T ARG BR KA W28 A 2 T I
FH ORI B ] A7 P SRR P, R P o B Ry o
XU K ALZE H AT E 2875 KL BE s AT T IE R
JAHL TF RIS AT DA EAE ARSI, E— A5
R TR A o] R0 XL A AL 1] 57 i Al
AT EENE o 1519 Sy FiL F 47 ] 28 XU A5 A R AL 2L 7 5
JE AU S 56 i 4t B 708 A7 IR o
CAN 5728 il e A7 Rt BAR Sz il 18 4 A4 hay , A2

9



wAEF 2022F F£52K H224

AR, S Tl R A ) A U R v, U ) SRk AR iR

UL fow S5 S 0 7 A% 4 4 o A S IR B vl o
i AL T s B A A T L

PO b P ALt IR P L2 B 87 0

Fig.9 VC-DFIG field test photos

UL AL ML 2L 30 o O 2 T 2R 45 -5 e i 500
KV HL A 7%, 548055 ) T B T 5 36 AE 35 kV
o 38 sk OC U e AR et v AR [ BB Z,, DA
TS UL [) 6 I8 LT 4 55 fL D 37 3 o LA L AL
ZRON T IT R 1935 V, %UE HLE 690 V,
FE T HLFH 0.001 585 Q, %1 H1 [ 0.001 092 Q, %
THIR3.8e-5 H, 7 T HLEK 2.1e—4 H, Hi i % i
1 200 r/min, FUEIF 2 550 kW, 45 K 11.5 m/s,
HLEL AL S WD107-2500, 7EPI ARG K 3 m/s, V)
B RGER A 25 m/s BOTE T 84T B0

F s 45 ] 284 XU ML AL el s 2 55 AR ) 25
HARANE 10 IR, 1.5 s ZEA ARG . F 4 il
RO A HL ATL 2 93 ] 25 SR W45 T S0 53, 49 )
JE X 5 F it HL R R (AN ARAS A R A6 o T HL
P M (1 A R AN AR PRI I X S 7 i L 0 P
() TR A R 25 55, AT 3 ek o Jil el P 2R 8 7 4 o Bl
ik P I A ST BB PR o T FL R AR AT 1 [R] A

1 oo "B 1000 ETHE
500 500
0 0
-500 -500
-1 000" =1 000;

1.7 1.721.741.76 1.78 1.8 2 2.02 2.042.06 2.08 2.1

tls
10 HL PR 20 XU XUBIL il e R O ] 253 72
Fig.10  Excitation phase synchronization process of VC-DFIG
10

T T g ] 0 SRR 7 H R g il 1 A TR
T AR R P R R A A L R AR &
PR A e A bR 2R o 5 BLEHAE AR MR 67 22, ) 52
TFHUER d S A RNE . K% m 2=
B, i PUA Y &% 8 INAE A D3R5 10 i A%
e DR Al 2 B A8 S AR A 25 T 23X
B 38 3 AN [R]E % £ R VR L LR 22 (80 ) A
P22 B W/ N Ik B T A R 2 i AL
Ho M 1040 1R E AT LA H L 1.7~1.8 sHf
WARSERRHS, 2~2.1 s I B & 5E 2 R4, 75 )il
N AT = VA (OB U e A = VA 1 3 2 S g 7
SRR AT W g S R TC R A

B 11 2R AE KK, ML FR s f T 7 fe K T
255 MW D28 . i FALAL 8 61 4% L
e R P R ], BRIR IS AT PSR AT /NI TR
B, 7E i A AR AL A A 4 U 2 RE ST i R
PRI O RAR AL IR MR B T,
T TR AE 3 A i S AR /DN, H R F i 2R R4 XL
FL ML R G006 A2 H DO L B O K

3000,

EEIETELS
2500 -
. AR
Z 2000 v
= 1500
}.L
Z 1000
B - RIDIE s
2 500 it
0 s At e
S5 § 10 12 1a

tls
BT SR ol

Fig.11  Power tracking process
B2 M J TR . & T H R
S R AR, b 50 Hazs 5 FHUFUR M 10 Hz,
5T N 1200 r/min, SE VBT LIS AT AT
SV, TG i AR T AR O R D R

— TR
EJ ’-l‘ 'l\\ e
®
M—: L ] % u'; &
~2000 i ;
17.0 17.1 17.2 17.4 17.5

tls
12 & F R R IE

Fig.12  Waveforms of stator and rotor current
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