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Fig.1 Structure diagram of D-PMSGs based wind farm connected to weak AC power grid



® L/ AR {7 G-

%4045

MR L3 2 # , B OROXUH 375428 A 55 28 3t L I
A (R M) 2 3 2 ) 00980 70 91 L S PR B ) P8 il 25 S
VRS e SR TRaRR S A S L L 1k r L T R W G B )
JE AT P= A2 B R R [R5 B, e Je S8 Rk
B FRULAS Y 040 7 4 LI PN R P il 8 2 5
HSSO KAEMFEENEZ —. PHEHIZPL TILEE
55, X e sh A R - SR A ADRC BEfiff D P15 il
FAFAERY X B[R] B, T RERSHE N RSP E ST .
I, X5 F ELKAUIL SSO [R]85, 4% SCH H R A ADRC 2
8 A0 60 378 48 L 38 PR B PSS T 88 1 o SRR s

2 ADRCIRIE

ADRC /2 M\ 28 HiL PID 2 il 452 A 8 A% i >f () — Fif
B R i R AR VR T 28 . PID A RN AR 4 o R
WHOREBE ', 4 PID 45 ) o >R R 22 19 He )RR
SR R LA, K TR SE BRI, = Lk
PG AR =, i R I 5 A2
i R G0 ) N AR IR AL, B P AR PR S5 ) 8. ADRC 7
5T BUERAY R AR E U 4 0 SR AR e 9] R
Gy ALY IR MR AL A, MARAS b ek idk T PID (9 [ 4
BB

ADRC ¥ il 5% 19 25 R4 HE LN B 3% 1 AL s,
AT BAR G B AR T S . B’ 0
B4 Tl 2 0 S 28 (8 5 SR 0 R 2,
ARy IRER S 5 12, N BIRSH A WLIE ; £, N R SE
B LI 4 5w R R G W e s Tl o 5 by R B S A
KT

3 ADRCHP#I SSO By =2

ASORE XA HUB AT 20 A o AR SCHER[ 20 ],
20 O 08 37 4 SR P R S G ] P R A0 4 7 45 R 7 ]
METIAE dg AR 2R F AEC AT R AT R

i
_ ad . .
w, =L o +Riy —owli, +u,

(D)

di, :
u,=L m +Ri, +wli, +u,

FEA w3500 D O I g it HL S o g B0
L 2R S B LR s R A AT A S T S5 R R 5 4,
b, TP AR S T AL o g il 3 s 0 D[R] 2D £
R 5w, w, 7390 I W L d g Bl o3

21 SR KUBIL B A 55 52 T H R I, AR (1),
P AT AR A

dAigsu]Ld . .
AusulLd =L d + RAlgsuhid - wLAlgsulu, + Augsuhid

(2)

dAI’ gsub_q

+RAL

Au,, =L +wlAi,,, ,+Au

gsub_q

Horbr, Au,, A, 530 R A5 08 25 4 3 00 K Tm] 25
ML d g Bl 5 A IRV VR g Augy g Augmhiqﬁj\jty’u

gsub_gq

DR R () A5 WL TR 7 I A5 U S AL D0+, 380 A 5 4 e
HUR ALY d g Bl i

S 3 M R 045 7 4 EL U A B0 TS BA 52 mi) , AR
P 1R s B M AL e B 1Y, 3 (2) AT R A

gl

L. .
Ausub,(l = (Kgi + Algsub,rl - wLAI’gsuqu + Augsubf{]
(3)

) Aigwlw + WLAig~ ha T Augsuhiq

su

Ausuh,Z(Ki+ !

M (3) AT A Y, ELBR AU 375328 A 55 52 it L T
S| K WU A2 LI, 22k Do 48 978 4% FL 37 P9 345 PLIAS
W ARG AR s LR BB TR R A T
i, 20 (3) AT, PSR W) A 0 e A R AE
4R35 ], T &% A4 TSSO, 76 SCHk[ 1, 6] H B
MR T RIS, EEbr TR, Rgsir .o
A8 T H RS PLSEUR AT E I . I,
T 3 PL S BOR ] SSO 1Y )7 AN B 18 1k,
o LA T 2 R R o A BB R
NS I S, 2 X 4 g i P AN D)
o 3w RO B A R R B A i, TSR T
SSO A= Head 72, e fr ik 2N i SSO 1y H 1 o

BT LR BT, AR SCHRE H F ADRC $ 1l 75 B 46
IRR) A 45 37 s FL I PN B PT 3 1 2 4 ok SR . 2R
ADRC #2625 3L B Al 15 A MU TR 25 B 3 6 R g
LI A BRI AR RUHI LS R AN AR o R
JRUBIL TR0 450 378 i i 3 F PR AN 75 8 O TR 25 4 i, DA
T BEL DT o4 482 970 45 5 55 A€ It FL I 22 ] %)+ EAE
IR SSO B o TR T LA d il R R4 B 5
il R

(D) AT, RGE R B 1T, 30 % 3 T
(A LA T s

di, u, Ri, ] Uy
WL L T (4)

24 B ORRUBL A2 A 55 58 I H s, Bk 8 1A IR

)25 L gL 72, J80 3 5 Tt ) %) R G U TT 7R

digzl Uy + Auaul)_d R(igd + Aigsul)_d) +

di L L
. . Uy Augsuluz dA; sub_d
a)(qu +Alg5uh4)—7g— I - dgt =
Uy . . Rig{l . Uy
T +f (AlsulLd’ ALsth,) - i + wl,, — T (5)
A A Ausul) d RAigsuh d
, AL = — = —+
f ( Laub_d ls..lu,) I 17
) Aug,,, dAi, .,
wAi,, - z BP (6)
Horf, Ady A, 2 5 PR 96 G #4552 A (] 2

HLIE d g 0 it o
24 ADRC 2 il %% 25 4 PLE I % /5 , ADRC %
HlERAEREXT £ (AL, 4o Ad, ) PEFTSEEHG T, 578 R



%9

AR, 45 T A L P ) XU 3 UK [R] 25 iR 5 400 o SR ®

ot A iy A R AT S A2 R ) ADRC #%
il = (5) 2 H -

di, 1 A
o= (LS (A, AL, ) +
Ri, —  u,
S Big Ay, )=+ i ===
i
Ha _ lgd+a)i - (7)

L L “ L

i i A (4) I (7) AT LA B, KILTE F2 A
555U LT XUBIL B e, ARG RE S A7 I Y R
AR . UEWIFE ADRCHE G &5 T , WAL HL I A 32 55
AL FEL P9 AR5 D, DA T 30 2 ) B ek IXURIL R 0 6
T AN K R HUE Au, R RGN K SSO,
PRI, ADRCHZ 85 195 1A, 38 5 0T 38 8l S il 11
R, fE A RE % EL IR B 9 XUBIL I 0486 37 % 5 55 52
UL R I Z TR AR ELAE FE DTS S R SSO # H B

4  EF ADRCHIEIRXIHL SSO 3Dl 5k Bg

4.1 ADRC =38 b f T E IR XUAL M U it 2 st i
AR L), BB A 55 5 it F RO s 194
He A S U LA AT AR R

dlgd Ri,, . Uy

d =bu,+f, (Aisukuu Aisu}u,)_T"' wi,, _Tg 8)
digq . . Rigq . Uy,
dt = buq +f2 (ALsub,d’ AL:III)J[)_ L - ng(l - T

Ho o BB LR T H b=UL;f, (Ai, 4 Ay, )e
So(Aiy, g0 Aiy )0 RIR AL FLREAE d g RSN

M)A FE ), d i 5 ¢ WA ER & . il
X B 3L ARG Bff R R R A I B s L
= (8) 78y .

digd . .
di =bu,+F, (Alsulun Alsulu,)_fd
iy 9)
Loy . .
E: bur] + FZ (ALsub,(l’ Alsulpq)_f;]
Ri,, ]
F,(Ai, ,, Aig, 1)=fl(AL b as AL ,q)— L’ +wi,,
Ri,
Fz(Al bar AL, /):fz(Al bar AL lq)_ L4 -y,
(10)
U,
deT
_ Uy
L

Horp , F (Aisnru]’ Aisub,q)\ F, (Aisub,d’ Ai;u)u,) g3 R d. q
W SIS /S0 d g TR G E BRI

T (9) K —PrIRET RS, B IA S B
ADRC ¥l 8% . 1 T— i ADRC ¥ ifil # 1) B R s 43
U TN I RSP TPV RSN DS (RN
55 HHS P 5RO 25 W00 3] 1) 5 5 A7 22

gy PRI, X T — B ADRC 56l &% , T 48 W SRR 43
AP, AT G B SOIRS N A% AR RS 2R
2 RS MR ENAG T AMERR T ADRC 47 il 385 48 1)
A L A FEL B P i i ) 5 TR ME P AN 2 s

1 [ifgdret L |uy
Vieret = ? Kg”+Tgi,s T ?X - Kg’+Tg,s ‘

U fog PTG
u

=04 Kyt b [Ha
Iggrer =0 +'_[? O Tys

B2 ADRC =358 # PLI= H SR = RIIEE
Fig.2 Control block diagram of ADRC controller
replacing PI controller

AR ADRC 42 ) 5% 73 25 P I B, A 2R 55 0] L)
Bt AR R .
(D3 BRI &5
ADRC F il #i B9 AZ O BT SR X 47 5K RS UL
AT, B SRR UL I #5412 4 25 8 1 i AT
XF R AR IR S B AT R ny sl
R Y SR IR LU 7, 1) SN R R N R e B i Ak
ARSCBATBIY SAR S I FR A0 F
Jo=fule,,d8,)
2, =z, T h(f, + 25, = Bone, +b.u,)
23, =25, + h (=B, f.)
Horb TR Ry d 5 g, RN R IR d BhECE ¢ BTk
ARSI &5 5 1 A 05 FD A 52 L AIR S ER B 5 2,
ﬁ%?ﬁﬁﬁjﬁ@ﬁ@ﬁﬁ;ﬁm\Boﬁ‘ﬁﬁﬁ%ﬁ%@;ﬁ @ﬁ%
—FPRRER B AR LRSS 1, 78 L B B R B
SRR, S R AL £ B A% O 20, R
A (12) R .

(11)

e

le|<s

fale,a,8)={8"" (12)
le|"sign(e) |e|>8



152 L/ AR {7 G-

%4045

Horr, o S bR AR, OB L 7R 0~1 22 18] 58 2k
BEIX R R

(2) MR R 22 /U5 (LSEF) o

X ADRC #5 ill #5% % FH 0 JE 2o R 3 1R 22 )
ot AR ROMEE IR S E . SR, fE R 2800, H
MRS R ZE BRI EI L sh . Bk, A SCR A
PR A R P R A 2 S I s o, AE 3 SRR S UL 25 1)
Femih I, nI AR 22 AT R |

Uy, = ]:em (13)

o ey, M, 5 ESOHi 1 2, 1915 5 2508 5 u,, AR
25 ESO ShAS#MEE I il i i s kT R B

()P fliTt#ME

P BRIR A LI E8 Al A 2 B P s, %
(13) B iR 22 S s it EA TS B P sl A SR 2l
SSO WY H . AN TTHAMEIE B e A il it w,
fx +z,,

b,

42 ADRCIZHIZFZHMSHERE

S ADRC IR I35 R 2 S8 2L, R HAR
B (R S — BRI BT o s B
W LR R — BT A T M ) SRR BT

(D 5RARA LI 25

MK LD AT E 2P SRS I 25, A A
o B0 f b ESHTER T, Kb h S B
5 Priz 5 B2 KA G s a FTS Y 175K
PRI 75 By AR L el T e=0.5.0=h;8
PR EL 3 505 B KA G, R BAL AR, )
AT DA HORH [R] 79 B, AR ST By =17k Byy=1.5/h ; X T
SRIBUE, BT ARG A R4, P T #8 4e
RS E AT R B h S RME R T b R S5 X 4
FSEHME— S8, 256 B, W) E 3 U , 7648 3C
WL b= 1ULE, SR BRI AT 5 25 b R, B HEE
T R e AT HE I, {H ADRC 30y %] b B A 31k i
FURARG, HEAIR 227 30 % LA N J& AN 252 i 8
HICR 2 I, X TS50 MR N A )

()& MR TR ZE R

XFEMIRE R ZE R RA 1D REHE
L BT E R B ko R ARDER O, R B R pR  (H SR
AME. KL, 75 EARE 7 AR R e kA

XA T ARMEEIR T, 5 S i S B R 2 A4
WhegkeEstte, Wik, BH % IR S5
HBIE

5 fAEWIE

9 T ¥ 9F ADRC 14 SSO By A RchE , A SC 3T
PSCAD / EMTDC % 57 [& 1 it 78 1 288 3 A 1 A |
TEBAE K XL TR A0S 80 (1 Sl b e AR A2 5

(14)

U, =uUp —

TR AFE 40 15 WL, 55 KALI 5 8 S MW, Xf
T AE UL L D) 38 A R A i PR L (A IR T I A
A4 J& % b SCR (Short Circuit Ratio) , DL UL H, 9 5
FE R AR A

ML 4G 378 o 47 o) 5 >R FH ) e e K / LT
P W, 35 i KAL) 7 8 5 XL 19 il g 2
D] A0 88 375 i 4 o) SR IR FH 178 2 S LA P A D O
W&, AR5 T L PR AR S, DA Tl SR AE i i 5 i AL
LA R I R HARSE N 3R A1 PR .
5.1 PIE#I285 ADRCI=HI B IMEIT R 3Tt

SSO FEARRGE T & A By vl BEPERE R, i THFSE
ADRC #1558 B RBLI KGR 8 m /s 45 EL
FHIRES RIS L B 55 . RAHFARS)G TR =
2 s, 2B HUBL A . W L,=0.0075 H, i@ i1t
FAFH|SCR=2.6,J8 T 59 2C M LI R 40, DAL 55 28
it HL 37 5

A A AL R e % EDIR XU & 2SSO,
T 2E AT PTEE I 2% 5 ADRC 5 761 2% 19 iz 47 4 v
XFHe, A5 2 R ELOK XL Y O B an i 3 FE 4
FIi7m

B 4 r E 4 -

= =

~ 2 ~ 2t At

7}: b M aft ;
0+ ul = 0 oM AR A AN

7:; > o2 RELS

T s 20 25 30 R TUs 20 25 30

] /s flE] /s

(a) LA A D) L)% (b) UL e L pi

6 2

Z 4 sAAARML <y

~ bR ~

32 viiye 30

ob— v -
15 20 25 30 15 20 25 30

IRFa] /s IRFE] /s
(¢)u (d) i

----- PI{E il , —— ADRC il 4%
3 PIIE#I88 5 ADRC #=2 #I 25 Mo Sz 435 14 ol 2 X L

Fig.3 Comparison of response characteristic curves

between PI controller and ADRC controller

3 e 55 Ha < 50 H
<04 50 Hz <02 z
41 Hz
2 02 hy bt o2 Wi
0 0

50 100 50 100
P / Hz Jii# / Hz
(a) PL¥EHIFENE (b) ADRC F il Fms
B4 AEIEHIREERISTE S

Fig4 Spectrum analysis of different control strategies
HI P 3 R 78 PLEE R4 T, B 9K KU 4%

NG5SR, AU LG s 2y XA Ll e 3 R
AR i ) L R IR v A, R R GUR B ARRE T,



%9

AR, 45 T A L P ) XU 3 UK [R] 25 iR 5 400 o SR &

K SSO . X T RUMLIR) a AH HL IR R 745 20,
Bl 4(a)fin. I RBUHR L E 24P TE 32/ 68
Hz f141/59 Hz I, £ R 73 A 5538 i L M 5
WO T 2R T IR . 242K ADRC ¥ 4il #%
i, B RUH 374 A 55 38 3t L I, IRUBTL ARG H 2R AL
I H R JA0 R ORI 25 35 25 )RR R B MBE AR 2
TR A R, AR T A2 31 55 28 I fL 4 A
ZHTE TR ARG AR LSS0, Bl 4(b) Ny
7E ADRC 2 il 5w Xt ALY a AH LI 2R A7 B A0 3%
AT, BN 32/ 68 Hz Rl 41 /59 Hz (1 HL I 45 9k
RGF M bR, HAFTE TA T B4 & . B 3(d) i KUAL
By E R .t B 3(d) AT A, A EE PR B
FH H IR 7 A 5538 3 L W, ADRC 4% i 25 E 1%
Y o R IR A, BT BR A 55 38 T HL XX IXUATL
LI = A A RS )

25 A A5 W], ADRC fEAZ 4 ] SSO 1 &
A= BGUE T 3 ELS AT I 45 St A T E A T
LK RURIL PO 0] 480 30 #5 FL 38 P9 A P4 ol 2 2 IR 9 1
EMESFHEK.
5.2 ADRCIEHIZEX RG2S

J TUE 5] A ADRC #5484 RGeS FRE
WA R, BB T BN < AP 17 78 58 52 7 L X 2R
BR,RECN 8 m/s,0=2 s, KWL L A 5 kV
B BR 3 5.5 kv, 3l 245 i o7 il 2 B 5 P A2 T
M A2 AT LUA H 25 XL 3 B BR AR A i), PT
Pl 455 ADRC 45 il #5357 RE P b PR R XML B R
JE B AE AL 5 X5 F XL H 0 T 2%, PLEE il 4% 5 ADRC
5 w4 OUFE KL EL I H B BR AR A, 22 10 S 8T 1Y)
A RIERE A B R . R,
ADRC ¥l 48 HA R A RS R
5.3 ADRCHIE MR R

T 8 UE ADRC 78 # i SSO J 1 (438 o M,
BLLTI ARG 00 568 B 1 A8 Ak, U 37 XU )
Ak, Fe b e B AR AL

(1) Ha i 8 A8 A

P, D 5 85 P K RUIL 2 A SSO 1 T 2[R 2%, i it
AR 2 s LR L, K/ NS SCR. BEE XN 8 m/ s,
FE =2 s B, $50 A S i L 8%, BUME 493l ok 0.006 25 .
0.007 5.0.008 75.0.01 H, #HXJ I /) SCR {H 8¢y, 73 5]
43.12.2.6.2.2, 1.8, R RIHL RS it H 588 B AR AL
A 8y <3 M FF AW HL I, 840 < 2 AW 55 28 I HRL
K2 PREE ADRC 5 il #8 S 5B WF 58 ADRC X AE
Tt FEL PO 5 P I, A ol 2 n 1] S s

FH &1 5 FTAT, A6 PLES R T, Bifi 5 A2 I HL Do i
AR 55, R GRG0 N, R GeER & A SSO; ik H
ADRC ¥ Hl 280, 7ES BB BT, X 8558 i L
] IR 55 52 3 F, I 4 SSO H AE 52 BAT Rk iy 3 7
KF T 55 32 HL ), B 8o =1.8, W 5(d) ff 78 ADRC

=z - Z _
s 4 s 4
~ ~N 2
= =
= ) =
fe 1.5 2.0 2.5 3.0 fe 1.5 2.0 2.5 3.0
fa] /s flE] /s
(a) dsr=3.12 (b) dscr=2.6
=z z
= =
~ ~
= =
= 7 =
fe 1.5 2.0 2.5 3.0 fe 1.5 2.0 2.5 3.0
] /s fTal /s
(¢) dsr=22 (d) dsr=1.8

..... PL%H|#% , —— ADRC #:ih| #
B 5 A[E M58 R T XU H A ThIh 2 4 M 5z ih 2%

Fig.5 Response curves of output active power for
wind generator under different grid strengths

F2 o 2 00 ) S5 SR e 10 P — 6 (H AL RE S BRI . 7E
SRR TR H B 55 5 L HL I IR A b o B, AT
I 2518 - ADRC IR HI 8 E S BORN B SR, %t
AN [R) H P 5 B2 T B SSO AR RE A E 174 A A B i, A
MARIEEE AN R ETT .

(2) E3K XL HL 37 K 1 AR 4k o

8 H IR 37 O B BERLME U s M SR
S5 W ERTSE ADRC X XU 438 1 fig

BB THUT  EIR RS T T AR B9 R, 7
1=2 s}, AL, T ADRC EHIZF S5
AEWFFE ADRC 78 A [H] (4 KGR X SSO i 31 il fig
H A B 2R an i 6 FirR .

=z =
g 4 2 4
S 2 ~
R of =
= 2 -B\O
1 -_—
b 1.5 2.0 2.5 3.0 fe 1.5 2.0 2.5 3.0
] /s fa] /s
(a) W 8m/s (b) KK 9m /s
z
= 4
~N AAVAA
¥ 2 verih
R
=
0

15 20 25 30
i) /s
(c) KN 10m /s
..... PIFE I #E , —— ADRC #5678

BEl6 AERUE T UL H A Th T 22 40 0ie Rz i 2%
Fig.6 Response curves of output active power for

wind generator under different wind speeds

H 6 T, 245K ) PLAZ i f i, RGEAE 3 Xl
N KU I A 55 3 HL A O B #8234 SSO,



® ® D 8 %

i & & F40%E

FLYR 5 it 15 It o IR 174 38 I s/ ) 5 1 R A ADRC
P ga g, XGHE AR Ak % ADRC 30 ROR e s, B
TESBAR BT, WA R XGE R 1) SSO #RRE 1%
AT BRI, NSRS R G R E BT -

(3) 32 Ml Jact 6 B () A2 £ o

7 T8 3 b R AR S PR 22 R AR TR
b R AR o — A gl RE TS Rk R K
SSO BG4 . AL, A W ZEAF 5T ADRC 5 il #% X A [
2 b e BB R 11 35 )

WETHINT KE K8 m/ s, RG I AFAN)G,
1=2 s I, B AZR I HL IR, BB A S5 L I BT XehfE
ADRC = Hl 25 A 55 28 L, 1=2.5 s B}, FE 3 kV /
35 KV R AR R 2 v e AT 152 5 AN ) ) e o 6 A e
BB RE L I (] A 20 mso PREE ADRC #5 il #8 S 5UR
A5 ADRC 58 il #7542\ 55 58 Tt Ha I I ) A [l 422
b2 s P 3, L sl A 7 4 G B SR T A3
JiroR o B A3 TFTHD, 2R H PLAE I g B, Bl 25 XU
G 5538 L N, R 48 & A SSO ;1M 42k FH ADRC
AR, K AR N, REA KL
SSO; X4 1=2.5 s i}, fi & 2 48 A& H= AN [R] 2 Hb g I ik
B, 76 ADRC ¥l 48 & , R4 D5 8 08 At 72
J&i  RGEK T R R &SSO, f bRl L, 5
i 55 BT ADRC (R0 ) 250 TR TG R M

6 it

(1) 81 T B9 XUHL 375 SSO & A HLEL , £5 MY 77
SSO & Az i A, IR UKL IR 0 4 375 4 F) FL 38 1P A
Pz il #58 E SAEH

(2) X B 3K XU H 37 2 A 55 32 3t HL ) % A 1)
SSO [1] 81, $1 H —Ff g Y 5 30 41 7 32 - ADRC 5
R P8 L IR IRUATL IO 00 488 372 25 FEL JE P9 I 114 P il 4
3 1 T B e A 55 3 T EEL G IRUATL 7= A 52 i), A5 4K
H Al SSO KAz .

(3) NE=AIE X LS T ADRC 45 il #5 59 31 il
HLH,

(4)7E FLUR R 42 A B35 38 i R Gellf B AL T,
U9 UE T T B 0 ) SR w9 A Rk BLAH LT PR
v, ADRC il W is 17T T2 A8 R 5

P S LA ) W 25 8 (http : / www.epae.cn) o
S 230k

[ 1] Rmte, S8k, 2207 % JE T A S0 B XA R R 25
PGPS Rk 3 0], A L TR 2241, 2017, 37 (16) :
4662-4670,4891.
SONG Ruihua, GUO Jianbo, LI Baiqing, et al. Mechanism and
characteristic analysis of subsynchronous oscillation in direct-
drive wind power generation system based on input-admit-
tance analysis[J]. Proceedings of the CSEE,2017,37 (16) :
4662-4670,4891.

[ 2 ] /NG e B, 4 . EIRXUHLXU L 3 5 A8 it i A

YEMB1 % SSO R HLBE 545 P43 4 (0], o AL TR 40,
2016,36(9):2366-2372.

XIE Xiaorong, LIU Huakun, HE Jingbo,et al. Mechanism and
characteristics of subsynchronous oscillation caused by the in-
teraction between full-converter wind turbines and AC systems
[J]. Proceedings of the CSEE,2016,36(9):2366-2372.
ADAMS J,CARTER C,HUANG S H. ERCOT experience with

sub-synchronous control interaction and proposed remediation

—
w
[—

[C]//Transmission and Distribution Conference and Exposition
(T&D),2012 IEEE PES. Orlando,FL,USA:IEEE,2012:1-5.
[4] XIE X,ZHANG X,LIU H,et al. Characteristic analysis of
subsynchronous resonance in practical wind farms connected
to series-compensated transmissions[J]. IEEE Transactions on
Energy Conversion,2017,32(3):1117-1126.
[5] ZE5t— MeRIk, T4, 5% . ELIRRUPLAE 42 i 3 e % i I 28
HE AR W AL SE L] LR, 2017, 41(6) : 1734-
1740.
LI Jingyi,BI Tianshu,YU Zhao,et al. Study on response charac-
teristics of grid converter control system of permanent mag-
net synchronous generators to subsynchronous frequency com-
ponent[ J]. Power System Technology,2017,41(6):1734-1740.
tRAT 2, T ESK KL s 5| Rk / IR 2R L
HBTELT]. HFIEAR ,2018,42(5) : 1556-1564.
XU Yanhui, CAO Yuping. Research on mechanism of sub /

sup-synchronous oscillation caused by GSC controller of direct-

—
=)}
[a—

drive permanent magnetic synchronous generator[J]. Power
System Technology,2018,42(5):1556-1564.

s, EABME TR, 55 SR TR BT B 7 0 R 4k
DT S BUHIR B (B0 ], LR, 2017,
37(23):6757-6767,7067.

ZHANG Chong, WANG Weisheng, HE Guoqing, et al. Analy-

sis of sub-synchronous oscillation of full-converter wind farm

—
N
[—

based on sequence impedance and an optimized design me-
thod for PLL parameters[ﬂ. Proceedings of the CSEE,2017,
37(23):6757-6767,7067.

LIU H,SUN J. Voltage stability and control of offshore wind
farms with AC collection and HVDC transmission[]J]. IEEE
Journal of Emerging & Selected Topics in Power Electronics,
2014,2(4):1181-1189.

[ 9] AMIN M,MOLINAS M. Understanding the origin of oscilla-

tory phenomena observed between wind farms and HVDC

—
o]
[—

systems[J]. IEEE Journal of Emerging & Selected Topics in
Power Electronics,2017,5(1):378-392.

(107 FRA , AR Fi e, 200, 55 . BRI R HLZL Ve ) 2 4 5 FHLJE
Pl Iy vk ROCERLPELT]. MU R 5 A B4k, 2019,43(13)
177-188.

ZHOU Peipeng, SONG Ruihua, LI Guangfan, et al. Damping
control method of subsynchronous oscillation for direct drive
PMSG-based wind turbine generator and its adaptability[J].
Automation of Electric Power Systems,2019,43(13):177-188.

(1] M, Aoy, B 2 IR RER 22 K& AT A 3

WAL B e FEf ae R B B 7 i [ ). M TR0, 2019, 34
(1):116-127.
SU Tianyu,DU Wenjuan, WANG Haifeng. A reduced order
design method for subsynchronous damping controller of multi-
PMSGs parallel wind farm[J]. Transactions of China Electro-
technical Society,2019,34(1):116-127.

[12] BRSEF AR WRidir, 25 . ALON-5 o0 0] 22 36 38 R BELJE 42 ) 8
ZHUIM I ZE S M RMRAUR 5 AR R R (1], W A3kt
#%,2018,38(11):50-56,62.

CHEN Baoping, LIN Tao,CHEN Rusi,et al. Parameter coordi-

nation of generator-side and grid-side multi-channel supple-



FEoH AR, 45 T A L P ) XU 3 UK [R] 25 iR 5 400 o SR &

mentary damping controllers to suppress low frequency oscilla- synchronous control interaction mitigation strategy based on
tion and sub-synchronous oscillation comprehensively[J]. Elec- active disturbance rejection control for doubly-fed induction
tric Power Automation Equipment,2018,38(11):50-56,62. generator| J |. Power System Technology,2019,43(2):655-664.
[13] HAN J. From PID to active disturbance rejection control [J]. (18] FBIFA, =75 . EEKXU) & LA A8 300 [ Sl il 25 B tFn
IEEE Transactions on Industrial Electronics, 2009, 56 (3): ST, AT AR RETE L 2019,37(12) :1875-1881.
900-906. ZHENG Dazhou, LAN Jie. Design and analysis of variable
(14] BAKEE  Bedn . BOB B TP B n B JE 3 4 i 56 K FT 0 22 5 pitch ADRC for direct-drive wind turbine[ J]. Renewable Ener-
ik R LR (0] ) A S ki 5, 2018,38(7) ¢ gy Resources,2019,37(12):1875-1881.
121-127. [19] im0 . APTIRERIEOAR ], AIdTRle:,2007(1) :24-31.
GAO Benfeng,YAO Lei. Supplementary damping control of HAN Jingging. Auto disturbance rejection control technology
SSO based on fuzzy active disturbance rejection control for [J]. Frontier Science,2007(1):24-31.
photovoltaic-thermal-bundled system transmitted by series com- [20] #E=pil, @ o, B EsE . RGN T & B LI B I 9 il
pensation[ J]. Electric Power Automation Equipment, 2018, 38 [M]. dbst: 7 Tk pikE , 2014 35-38.
(7):121-127. [21] #EatH . AP HOAR AETHAMEEA B E PR B i HoR
[15] i, RURHE, B, 25 TR R R GEk ) 204k 5 19 et (M. bt [T Tl ik i, 2008 :243-287.
F PP I S B e 4=k [T ). s 0y A B ik ik &, 2018, 38 [22] Transmission and Distribution Committee of the IEEE Power
(11):174-180. Engineering Society. IEEE guide for planning DC links
BI Yue, LIU Tiangi,ZHAO Lei,et al. DC additional damping terminating at AC locations having low short-circuit capa-
control of subsynchronous oscillation based on improved ac- cities: IEEE 1204-1997[S]. New York,USA:the Electrical and
tive disturbance rejection control for wind-thermal-bundled Electronics Engineers,Inc.,1997.

power system[]J]. Electric Power Automation Equipment,2018,
38(11):174-180. 1EE®N:
[16] Hhilielf 95 2 i, WRa, 55 . OGAR Bl B BT B e 42 i 3 )
RSB 5 I [0 ], PRI R, 2017,41(6) 1 1741-1747.
MA Yanfeng, JJIANG Yuntao, CHEN Lei,et al. An ADRC ad-

ditional damping control strategy research on low frequency

B AE(1981—), F L RFmA, &3
B ML ERHR T & A G E LR S
@} % %8k B W 4k % (E-mail: gaobenfeng@
126.com) ;

B AN (1995—), B , @l )~ & A, B

oscillation suppression of photovoltaic plants[J]. Power Sys-

tem Technology,2017,41(6):1741-1747.

FASEE OIS 2R AR BT B BT R A XS LR R LA : g5 s ——
REZFLHAR T @ AR N ARG RE

S5 A P M L1, 8RO L 2019,43(2) 8 2 Bl oo e

655-664. = k4 7 9%z (K-mall: yiyouchuan .com) o

GAO Benfeng, HU Yunting, LI Ren, et al. Research on sub- (gﬁiﬁ %1%)

[17

[

Subsynchronous oscillation mitigation strategy based on ADRC for
D-PMSGs based wind farm
GAO Benfeng, YI Youchuan,SHAO Bingbing, WANG Feiyue,ZHAO Shuqiang
(Key Laboratory of Distributed Energy Storage and Microgrid of Hebei Province,
North China Electric Power University, Baoding 071003, China)

Abstract: Recently, the problem that SSO (SubSynchronous Oscillation) caused by the interaction between
D-PMSGs (Direct-drive Permanent Magnetic Synchronous Generators) based wind farm and weak AC power
grid frequently occurs in western China. To solve this problem,the SSO mitigation strategy based on ADRC
(Active Disturbance Rejection Control) is firstly proposed,in which the mechanism of SSO is utilized. In
this strategy,the ADRC controller is designed to replace the PI(Proportional-Integral) controller of current
inner loop of grid-side converter for D-PMSGs. Secondly,the mitigation mechanism of the ADRC controller is
theoretically derived. This ADRC controller can estimate and compensate the real-time impact of D-PMSGs
based wind farm integrated in weak AC power grid,and hence can avoid the interaction between D-PMSGs
based wind farm and weak AC power grid. As a result,the SSO is expected to be effectively mitigated.
Finally, an electromagnetic transient simulation model with both PI and ADRC controllers is built on
PSCAD / EMTDC,and the mitigation effect of the two controllers on SSO are analyzed and compared. Simu-
lative results show that the ADRC controller not only effectively mitigates SSO,but also exhibits satisfactory
robustness and adaptability. It also proves that the main factor of SSO in D-PMSGs based wind farm lies in
the PI controller of current inner loop of grid-side converter for D-PMSGs.

Key words: D-PMSGs based wind farm; weak AC power grid;subsynchronous oscillation; ADRC controller;

PI controller
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Table Al Specific parameters of system
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Fig.A3 Response curve of generator output active power under different short circuit faults
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