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Torsional vibration suppression method of large-scale wind
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Abstract: The drivetrain of high-power wind turbines has a large moment of inertia, resulting in a high risk of low-
frequency torsional vibration when subjected to random wind speeds. The traditional torsional vibration control
method for the drivetrain based on the determination of the torsional speed control target fails to consider the
influence of the random measurement noise introduced by the measurement equipment on the torsional speed.
This oversight can lead to a decrease in control performance. To address the uncertainty associated with torsion
speed measurement, this paper proposed an active disturbance rejection control method for torsional vibration of

large-scale wind turbine drivetrain. A KF-ADRC torsional vibration controller was designed which dynamically
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estimated the torsion speed of drivetrain using a Kalman filter. The ADRC control target was set as zero torsion
speed to regulate the electromagnetic torque of the generator and suppress low-frequency torsional vibration in the
drivetrain. The research results show that when the input signal of the conventional torsional vibration controller
has random measurement noise, it will significantly reduce its performance. In contrast, the KF-ADRC torsional
vibration controller can effectively predict the drivetrain’s torsional speed and achieve superior suppression of the
low-frequency torsional vibration in the drivetrain.

Keywords: wind turbine; drivetrain; low-frequency torsional vibration; active disturbance rejection control;
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Fig.1 Wind turbine system composition
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Fig.2 Wind turbine operating area

2 KRR L ZE 1% B 5% 4 4R 42 1 R B

2.1 REHAESHEREHEE
A B KU I, R 2R AS B D R PPy

p:%pqu<Lﬂ>w, (1)
R LA A 1 055 4 P 2 25 a6 7,
_ (2)
wl‘

A RACR KA A2 s v IR K s p TS A C, W KRB R R 80, HAH R/ S5t Rt 2 I B
XK o,k WHL LA XUEE B

JAUEE AL Sy 7R B -5 K - RS R G0, SR PR B S B AR =, DR e ) 2R G 0 A R 56 3 R A
AU AR B0 IE | 3 A0 HG AT o DR AR R AR RN 2 e R AR Sk (23198 B XU AL A &R G R TR
i AR A 5 KR LA &l 5 FLER 1 FAST B HLAS R mie) 7 Frg DG JC 5 e, DR R Y VPR JBT i BB 751 060 1 97 o o s
WA R . QiR 3 TR R FHAE T SRk R R R a8 S I8t i AR RO KU i A s R i R L i
54 SRR K M Lo B B 5, B AL Sh BRI S A R e LN IR LR B



4 TR K F F IR %46 %

er:Z(Ta_T]s)-’_wla
) =i(T ~-T.)+
g Jg hs e Wi,
: (3)

T K(G —9g)+c 6,2
Is r N T N ’

T
Ths:WIo

% KA C oy R R s B WIS (B s N Ry i sl L 5 0,816, 43 53 S XU vite 15 & v AL 1) #1088 5 T R T, 43 39
1 5 R 5 g T Al 2 R 5 LT, i) A A Sl B DX S A R AL i e B AR R 5 o0, 0 e L HIL I A R 5w, T,
3 590 A B e DA S A o 45 O mi AL i S R L B 7 A A e AR IR

W i

B3 KENAENERRERKTR
Fig.3 Two-mass model of wind turbine drivetrain
Shy LI A Sl BE LIRS OO , 15 3 8 T 58 80 o , O 1% B i IR R B A sh ik L e (1 RS 10 6, % B B
1P 58 )5

w=w _ Qe
N (4)
0= wdt,

TEAE A LA Ao P e DG 2 R 3k 42 1) DX T S It T L 5 7 de AR (™Y 8 BR i R T R s A7 0,
IR ML fre R AL AR XUBE ,

_05pnR Cpae o 1
Te= N P\ st )e ()

RO TR KB R0 A A2 B I R 5 2, o % o B 25

e KU B 5 e A B 245 e, L2605 O
ool S BT B SO — BB B

fms B4 P (6)

SR LB BRI 15 B 0T HE B 1 5 4 AT 2R B 25 B
22 BT RS RGN R ST

ST TR v 50 00 0 e R D R B e R (4)
SR A B 0 TR 2 A 0 U R P 75 B 0 0 e ) 3 A B0 2 4
F S, AL o T 1 25006 /I T 5 57 50 5 8 74 0 L O (AR T 205 (8
B AR 2 W31 A A B D B o T 7 DR R 7 14 4 T PR

HUAR AR (3) R (4) , JRCH BLAEL 5 3 3 25 Oy B 5 IR A 25 0 2



% 94 AEH 5 R AR R TR 69 K AL R B HUAA A B 4k 3R A ) O ik 5

x=Ax+ Bu+ Ge¢,
y=Cx+Du+o,

e 5 050 WG ZE I M 0 R B R 0 B 1M ) s B 2 M Y @ Y Rix =0 0] s
0

1 0 0
. 1.1 y=6; A=| KUN+J) CUN<+J)|, B=| 1 1] c=|-K | p-
e a y g g g I
JN J, ’

J.J,N? JJ,N?
1 0
-— 0 s G = o

R4l 2 B O 4 At 20 (7) 04T B H Ak
x(k+1D)=ox(k)+yu(k)+Ie(k),
y(k+1)=Cx(k)+Du(k)+o(k+1),

(7)

(8)

T T ’
oy - [ oBaer = [ edne - HTnRGR R
0 0

RAEAG B 5 S 1R 25 Fe /0N R il s /Mt TR 22 W O 2
P=}in3E({xk—£k}{xk—£k}T)o (9)

B EARRDIR S WA X, XU 1R 22 W J7 22 P, I BEAT I 8] 8T, TH S8 e BRI 5 e iR 22 W Oy 22,8

xk:=(DxH+y/uk, (10)
P=®P,_ d"+Q,
T e, g ke ik 20 B S IR 2SR 5 Py oA A B 200 9 S 96 2 W 7 22 AR o
ARG TR S S L BR (R, THIE R /K 24 £
Kk:{’;ic—rﬂ-o (11)
CP,C'+R
iR R B A5 X R G AT AROE IR A E AT IS S0 A T O SRR 2% U Oy 28 4
f=%i+K(y(k)-Cx(k)), (12)
P.=(I-K,C)P;.

2.3 REHAEEHE ADRC HiREH251& 11

4 AR LM ADRC LR ¥ i & , 2 45 Wl 3% DA% B BE 4L 5% 31 B o, = 0 45 2 50 H An i A 2] TD 1E
of PR AR BN E AR A E R v, v, R 5 DLXUH LA A% Bl B A 7 S o /E O BSO fii AL, O
ESO M ER o Mo, I I ZIAE 3+ 2R g8 N ANER B 301, 43 il 1 2, .z, .z, 3R 75 s NLSEF M 4ig e, ., 15 B W) Iy W WG 55 46 T, , JF
A T AR Bl 2, X 4 TR AT R R A ) S PR ) R R AT, FR R R L A B e R A 3K 3 i 4
il B A5 .

4 JEZ 1% ADRC H R Hl 2§

Fig. 4 Non-linear ADRC torsional vibration controller

R4y W A% sh e N RS g s s DL K AR B A AL sh BE LR sz, B (3) 5t (4) , BB 31 50
(13)Frs B sh S22



6 TR K F F IR %46 %

.1 1 C C . K K
Q‘J,Ta*JgNTe‘(JfJgNz)“(ﬂw)“wwo )
o, w ()T AL sh AN R 3l . MR (13),75 %) ADRC £ HIE 0T B sh Ak e =L 07 &
|
O=F Tt (14)
Kb RERFE NI 2 A, ek
1 (€ C |\, (K, K
f_J,Ta (./,+ngv2>‘9 (J,+JgN2)9+W(I)O (15)
#: 37 ESO K2 4 A
e(t)=2z,(1) - y(1),
y(t) = o,
21 :Zz(t) —/)’]e(t), (16)

z, = z,(¢) - B.fal(e(t),a,,p) + b,AT (1),

23 = —ﬁ3fal(e(t),(x2,y)o
Xy (1) NESOHI AL, . By B NS E a, . o, WIEE fal (+) MARL MR 8, X (17) fr s .

lel<y,
fal(e,a,y)= 4 (17)
le|"sign(e), |el>7,
AT DR o R R SR 0 o s, T e T B AR 0, 89 TD
vi=v,(1),

5= 0 (31 (1) = @ev:(1) 110 o

Arber HEER T b HUEWHE T o BTG R 0, = 0,2 TDEIFEHRRE M v, v, B8R 0, #ed ol 75 42
il % o HBOE TD Ak
HE 37 NLSEF i~ #5215 2 ) Uh v REF406 T,
e (1) =v (1) -z(1),
e)(1) = v,(1) - z,(1), (19)
T, = ﬂ4fal(el(t),a3,y) + ﬂsfal(ez(t),a4,y)o
K, B,y By 510 H L3 25 55 104 25
38 2oF e 3 A A T 2OR ESO UL B Y R 4 S Bl S I R B W) 4 R REFE 46 T, 45 31 ADRC Y i i
B S BRPE I AT R

Bafal(e (1) as,p)+ Bstal (ex(1) 0ay) - 25
AT= b o
0

i 1) 19 365 07 388 1% B3 1 X ADRC 40478 & ", 43 51 9% 15 ESO \NLSEF 24U, & J7EJF IR IE L i#47T ESO
ST AR 3 B SR B B B B, L Byy By PRE K A A NLSEF 5K fi# B,. Bs. ESO 5 NLSEF i& Jij Ji pR
ﬁ']ESO\ '-]NLSEF%7

(20)

1
fll|z| 0|+ )z -o|+ 1|z - flde
I S
fl4 u’ + 1,6%dt
ﬁ'_h:uj‘ﬂ’%fﬁuj];lh 12\ 13\14\ lsﬂ‘j*ﬁ@ﬂ@*ﬂ%ﬁo

Pl 5 o K HLZE A% Bl i KF-ADRC 1LY £ HIA4E 4, H i KE-ADRC B4 A5 5 46 A AL AL G 5% 0 3
B i R v B % s ADRC B A 5 A% s BEHH % UL

Jeso =

(21)

JNLSEF = o



% 94 AEH 5 R AR R TR 69 K AL R B HUAA A B 4k 3R A ) O ik 7

s ; — -

! - 5;?%% TEE R 'llé{ﬁl‘ﬁfﬁ']
— o *%ﬁ JefH

ARIE il
L PR

G R (6)

ADRCHIH s il 2%
K (13) ~ (20)

KRB R
R (1)~ (12) RSB

5 RUEHAE I KF-ADRC = H iEE
Fig.5 KF-ADRC control block diagram of the wind turbine drivetrain
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Fig.7 Prediction of torsion speed without measurement noise
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Fig. 8 Estimated effect of torsion speed of drivetrain under different measurement noises
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