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Fig.1 Equivalent model of three-mass blocks of
drive chain of doubly-fed wind turbine
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Table 1 Parameters of drive chain model
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Fig.4 Comparison of damping ratio performances

Bl 4 b G SCER 118 ] A SC R4 Ha <UBH
JE W R B E et REAS bt o 2R FH L ACRH
Je~WI g il ), AR B e H AR i 0.707. th
THANIE K, WP REER, BEE f AR e g,
e B e LS TR . 4 D, €[0.406,7.5] p.u.
A, AP PR AR dre A RELE L, v il e e P
e WA D, K IRG IR D,, (7.5,
15.5] p.u. B FifiE D, 38K, e dUh B e i)y, 38
TR IE R YR E ARRHE L E AN EE 435k
7.5 p.u..57.096 p.u. B, A B JE L K, (=
0.707, £,=0.5589, 4 £,=0.707 i}, CHk[ 18] £, =
0.329, A T A ST SR W sk 2> 17 0.229. 9, iX R B
FEL AL — P 45 il e % B AL T 22 A AR P o 2 T3]
A AR E T A e P e o 3 3

T Uk B AR - W B i s 8] 5 24l
TAE IR A7 B A A o YA 25 38 0
B AZ S RGN 2 R A S FRIEAR B 0< ¢ <1
1) 725 A s 3 ) 3ot 25 i il O 1) 7% 2, R W2 IR G B A
TR AERLE R g



R4, S T SUBELE - W B A TOUSE IR L AL AL Al 2R LA o S &

500

-500 ‘ ' .
-21 ~14 -7 0 7

Re
—o— RS LRHIEAY, —— B 2 FRAEAR
E5 fEmEmauETL

Fig.5 Pole position change of drive chain

4 BHSAESHTIE

kg 35 U FEL AL — ) B2 4 il 0 o LR 10
A5 3 T FAST-MATLAB / Simulink 257 1.5 MW X
T AR AL ZH B AR A, ULBH S A I A3, FAST A
AR T MLE 1S B, 78 MATLAB / Simulink 1
ST = HRAE S BE R AU AL, BR 4 S B
A A3, Dl i K5 L = AR X R R Bl 5 |
L B % ShAEFLIR R 5], 580 H, A< B JE — D 42 il 3 41
R BB 0T < Turbsim ABHUR 14 X
HOM 11 m /s 1A 2 m i KL, LIS A Tl A4 5 HL I £
55 20 s i = A H R R B, BRI IR R 0.6 pu.,
FFEEET ] 24 500 ms .

4.1 BEMER-FIEEHXNRFERERMW

R T 1 B RS BELJE - D R A D R G R E R
SN AR SCBEE WNR 3 APy 26t H A AT HLA Y
B AT - O XUt KU AL T B e 4 i s @R XU ER,
AL B e A0 BELJE — W 42 ] 5 ORUAS XU H HTLZEL B
HAUBHJE - NI EEAS S E il . % L 25 R aniEl 6 B,
I o, T, T ¥ AR 4 (H

1.26 ¢
S 120 A fas
& 120 foree .Ji-v Vil
114 !
2 L
B - "!‘V&"\"MIM
§ 1 b
R
0 ¥
1.50
o WAAAA——
N .1 PSR
4
0 v
1.50
by
0 ": ] Il 1 ]
18 21 24 27 30
t/s
— RO, R @, - - EH

Eo 3FEHIARX TRIGEXEBHAEITHRE
Fig.6 Operation characteristics of doubly-fed wind
turbine under three control methods

HR A ] 6 BT /R WLALIE 1745 PR B | Lo g4 il
KO QXML N F MR R . 50k e 456
L, R GEIMARMEIRTT 5 & F HILS o % sl i R
fI% 7 0.02 pou., 32 5 B[R] 45 053 24 2.5 s 5 {1kl 7 i i
SR 290 TCHMEZ I 1 48 % , 4§ 17 I (8] 4 2 2.5 s,
D Tl ZR AR ) [ 5 A% sl i s A A 45 2.5
A JEV 5 I8 BN R 5 BRI AME IR (6 D T ek 2
T, PR35 It R 4% 2.5 s, i 1AL shikih R AL 48
far AR T A Do R R i 8, 72—
JEV A P LW 1 K 0.43 MW, W HE ) RS8R E M
AT —E R . X TR AR,
FL 0 27 A ) R A AR IR T A T 3R ) 8

R4 6 BT /R HLALB AT R M L | L 45 il Oy
K@ @A K R G fae PErysm . 4677 =X@
T,%D,,,=75 pu. K., =57.1 pu i S50 2 4
SR8 ) FEE R I 3R AR A BELJE. e e £, 8 R R B
I R 38 5 o LR [0 i i, 0 R SR AEL 24 R &
PSS B  50 % , 5 MG BELIE Fo o351k FRE
15 0.559.0.707, V- 1 R LK 77 Ay 5 5 Hh DR
gl oA HL A R B4 R R T B T B
Doy HEARAER 10 £ 4754 20 (18) SR B AW JEE b
EERE RO, ml iR e, & pL
T 5 R A o ) LA AR B S T e sl B hy
FEH L IO 3.8.5.3.9.4 Hz— 241 10 Hz 45 B N 3
PRAR kgl R UE 1 1A 4 rp it B AUBELE A3
s St L e S B S T R
42 HBESMER-NEEHSBESERIEFITEL

W5 LA BELJE - I XU s ol S5 ScHR 18
SBHJCEE R EATXF L, 25 R DL S A B AS . fR I AT
A1 AL - M g2 A RN T LA A T
R B, A% ol ik Bl A% 1o 55 RN & F AL SR 1R 4R
WEEL A sk, R A RS SR e B e I e S
(51 A — 7 T e 1 235 4K 4% BhAE %) i 1y 2 1, 55
— 7 T REREFE T D A BELJE LE , 38 1t HLAR T 5% £ 5 1k
PG SR A B . A LUAG Sl shak R
REJB ], BT 38 f U BEL 8 - I B R ol 793 & 48 T
1 st s ML A AR, o g i g, B 0
PRy W B, B AL SR , B TR i .

P2 U B T I WG B R 812,16 m/s,
HARG BAMARAE o He i AR e - W B 42 il 5 S
ik [ 18 ] L AUBHJE 45 il 75 fe R AU REGE B IX AL X
L2 R DX 0 ) 2 R R T AR, SR AR ST 4 ol
KW T AN ) 2 B0 e A R B 1) 2 850 A /N i L 56
3, FHRAE N AR £ (E

FH 2 3 AT, A EE R SCRiR [ 18 ] rp e A BH e 45
], 2 P EL A RELJ — R 88 X002 s o %o i 2R LR 10
TSR I BT, Hod e o X P RE 3R T B
T 5t AR i £ 35 2 AL /N i Y083 0.2 puu,



140 L/ AR {7 G-

Fa02k

®3 IMEIMERELE RN

Table 3 Comparison of suppression performance results
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Torsional vibration suppression strategy for doubly-fed wind turbine shafting
based on electrical damping and stiffness control
SI Jindongl,CHAI Zhaosen'?, LI Hui*, GONG Lijiaol,WANG Bin'?,ZHANG Xin'
(1. College of Mechanical and Electrical Engineering,Shihezi University,Shihezi 832003, China;
2. State Key Laboratory of Power Transmission Equipment and System Security and New Technology,
Chongging University, Chongqing 400044, China;
3. State Key Laboratory of Control and Simulation of Power System and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to solve the problem that it is difficult to balance the relationship between vibration
suppression effect and response speed in the existing torsional vibration control,and it is hard to adjust the
overall damping ratio due to the different change rates of damping ratio between high-speed shafting and
low-speed shafting,a torsional vibration suppression strategy for doubly-fed wind turbine shafting is proposed.
Firstly,the transfer function of mechanical torsional angle and electromagnetic torque is derived,and the dif-
ference of electromechanical coupling damping ratio between high-speed shafting and low-speed shafting is
analyzed by introducing equivalent damping and stiffness. Secondly,the torsional vibration suppression mecha-
nism of stiffness for shafting is analyzed. According to the coordination of electrical damping and stiffness,
a torsional vibration suppression strategy for shafting based on electrical damping and stiffness control is pro-
posed,and the trend of shafting damping ratio under the electrical damping and stiffness control is obtained.
Finally,based on the wind turbine module built on the FAST-MATLAB / Simulink joint simulation platform,
the turbulence wind and grid sag excitation are introduced to verify the torsional vibration suppression effect
of the proposed strategy. The results show that compared with the traditional damping control,the proposed
method makes full use of the strong electromechanical coupling effect of the drive chain,which ensures the
response speed and has better torsional vibration suppression ability.
Key words: doubly-fed wind turbine;torsional vibration suppression strategy for shafting;electrical stiffness;

response speed ; compensation control ; dampin
9
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Table A1 Parameters of 1.5 MW doubly-fed wind turbine
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Fig.Al Block diagram of power and current double closed
loop control
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Fig.A2 Compensation relationship between electrical
damping and electrical stiffness
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Table A2 Compensation for electrical damping and stiffness
variation of shafting damping

Dcomp Keomp a & Dcomp Keomp & &
0 0 0.235 0.266 4 8 64.615 0.707 0.5589
0.406 0 0.707 03291 8.5 72594  0.707 0.558 6
1 1.227 0.707 0.3980 9 81.034 0.707 0.5582
15 2.764 0.707 0.4426 9.5 89.933 0.707 05577
2 4.760 0.707 0.4764 10 99.293  0.707 05572
25 7.2169 0.707 05012 10.5 109.113 0.707 0.5566
3 10.134 0.707 05191 11 119.394 0.707 05559

35 13511  0.707 0.5319 115 130.134 0.707 0.5552
4 173484 0.707 05410 12 141.335 0.707 0.5545
45 216461 0.707 05474 125 152.995 0.707 0.5538
5 264039 0.707 05518 13 165.117 0.707 0.5532
55 31622 0.707 0.5548 135 177.698 0.707 0.5525

6 37.300 0.707 0.556 7 14 190.740 0.707 0.5518
6.5 43439  0.707 05579 145  204.241 0.707 05512
7 50.037  0.707 0.558 6 155 218203 0.707 0.5505

75 57.096 0.707 0.5589

i Dcomp~ Kcompﬁ?‘j’ﬁ‘i{ﬁo
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Table A3  Parameters of DFIG
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