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Vibration monitoring on aerodynamic asymmetry of wind turbine

LI Xue-ping, ZHUO Pei-jun, LUO Yong-shui, ZHOU Min-qiang
(Zhejiang Windey Co. ,Ltd. , Hangzhou 310012, China)

Abstract: Aiming at the problem of on-line monitoring of aerodynamic asymmetry fault, the vibration characteristics of the wind turbine under
such fault were analyzed. Both the axial and lateral vibration at different positions in the nacelle with and without aerodynamic asymmetry
fault were mearsured. A rotor aerodynamic asymmetry on-line monitoring and protection strategy was further proposed based on the 1-P vibra-
tion of the wind turbine. The effective value and amplitude of the 1-P vibration can be monitored by this system in real time and a delayed a-
larm strategy was utilized to avoid false alarm. The results indicate that the 1-P vibration significantly increases under rotor aerodynamic a-
symmetry fault, and the axial vibration changes compared to the lateral vibration are more obvious. Furthermore, the on-line monitoring sys-
tem has fast response speed and high reliability, which is of great significance to the safe operation of the wind turbine and development of
blade damage diagnosis technology.

Key words: wind turbine; aerodynamic asymmetry; 1P rotational frequency; on-line monitoring and protection

LA GRR) 2e 4is 4T, 9 T B 1 KR AL )™ A 7

UNET e (R AT A A ) . T 00 0 ML AL R s

UTAFR , B MU B (B T K, P T
A TE LRI W7 SRS I 2R S8 48 i KU 7 K FE
B AR T,

WIS TR, KA AL b T 22 728 A A
FIR AR 2 5 1 B4 R e IR 12 P-4 (3 U T
VAT 2075 LE AL B S0 B 3 5 S, i LA B A — T
FEMBATIREE ) TRV AN 1 i I 2 5 0 A% )

FE B HE:2017 - 10 - 30
BEE& WA . B K E SO AR B0 H (2018 YFB0904005 )

PEAT I S PRt

IR AN A B 32 93 S o AN 5 B AN
o TR AN 2 ORI T i TR 2 TRl B
ARSI 3 A0S 42 B AR 9 A R, S B as AT R A K
e PR AP D AN HLRCR L, 32
KR T It 2R 22 R s AME S (it
2G0) KR 22 B T A AR XU AN S Al

TEE RN 22 (1985 — ) W W24 A, TREVM , 35 28 S KU HLALIRAS W AT B2 Wb R TAE I B9F5E . E-mail :lixp@ chinawindey. com



559

B 55 W R HLAL R RS W - 945 -

gk it TARZ D5 ik, s Hr L4k s Y I 5
PGS 0T A sh i HLIRY W R H LB R
EFHRE S AN Xk A FRIE RS 5 5
WA AN T XU AN I A 25 B S B RS, 0 T
AR P 7 2 M A — E S P JRE

ARSCRENS A 7 A S B AN T 3 s )52 281 2 a2
Fro3tr , B R T M3 AF R 2RIz A
Bra A LA IR BB 0, MUH] GH Bladed HX{FREANIZ
RR N U ARSI O , I 1 B S, %) LEAN TR R
IR S AU AN RO B ARSI L

1 ARG ST

=M PR AR A [ R Bl AT o T B 1 <
AR, X PR DL T, AR B 7 A A 4
JIEEAMIE

AR 2 A 1 R,

JREE T T 1

K1 AR AR R Z I

ASHT SR 7 e 5200, LSRR #2221 25 N ]
ATt R AL TR A AF T A T N 22 5 AR A
PR T ZEHEAE T2 T+ B85 J1 08 dF H%
dF G350 o3 gt A VA T AN T RS ke~ T ) e L 1)
dF, FHIEIES) dFy o PO 22, SR e i 2
i o AINT RO o, HAHRIHES) dFy RFIER A
OIS ) AP TEEBERE DI T dF HUNTFIER

Wi 52 1 o M an el 2 Bios

B2 R AL b s K2 1

ARBRICELANT TR B T 5 0 2 T ), K7
[ 2y, MLEEL A 30 Dy o R P P A A, HE 7 b 32 )
AR e V) ) 3 A 1) 41 ) R 3R 00

FTZJ'OLdFT (1)

Fy = deFN 2)
A L— KA,
B R A F A 1S B AR A A .
fL ldF
> (3)
KEE 32 30 3 Al ) 4 7 DL 3 AP J1 9E T, D
m) 3 = A RS

R =

T, = Fi\Ry + FryRy + FicR (4)

M! = Fpdcos(wt + @) + Fvwdcos(wt +o+ 2?17)+

4

FTCdCOS(wt +o+ ?) (5)

M' = F,dsin(ot + @) + Fdsi 2m),

y = fm ¢ pdSM|\ wt + ¢ + 3
. 4

F,mdsm(wt +o+ ?ﬂ) (6)

K d— W HIE R Z A5 2s B S T, — Y is) S 7E
yz VI A A s ML — D0 1a) T3 7E xy T AR S
s M — U11a) JITE xz P17 A 2S5

B 1 41 7 A 0 R AT R

M = FyR,sin(t + @) + FNBRBSiH(a)t + @+ 2%)+

FNcRcSin(wt + ¢+ 43—11-) (7)
MY = F R 2
y — T wcos(wt + @) + FyRycos|wt + ¢ + £y +

FNCRCcos(a)t + @ +‘;—1T) (8)

A MY — i) A oy VTP AR S M — i) )
TE oz A A

FEIEFEEOLT , =M R BAA A R 0 < sh ek, B
F, =F, = F, R, =R, = R, WX i) &5k i Fa
FE BYHLEE oy A1 oz T8N P S SEHLER R O 1024 B an
B 1 B B IE BLE  BEH A — F i e B2 B A 8 22
Sl i T AN 1 0 RN A AR A A
S B DR A S CeAh  HE LIRS R AR
HH, HLRE WEEE 2l e A2 A2 78 W B Ry AU B9 5 A
SR HUAS N AU KUEEF A0 1P 4R 3), i TS AT
XA ] 4 7 B S e B K SO A 3 UHLAE PN il i i B
AR o) R S 2 R TR R e S e IR A O



- 946 - L B

Tr & %35 &

W R FEFEAT 1P 4R sl 2 U WS S AN A (R T A7
ik,

ASCH Bladed BB T — 5 2.5 MW JRUHLHL
R 5 m/s, TEHE— I 2R R i AE AR 5° iR 2%
B HILAR N B AR S O

i A RE (3 ,4) Fis,

0.10

— R T - KT

i
i

SRS I a /(m - s7)

t/s

K13 AEEP- A5 A T X BILZEL b i 4 3 4 52 )

B RN IE B a/(m - )

0 20 40 60 80 100
t/s

B4 XA 5 AP X LA 17 9 3 (4 5

ERESIC I R WP 1o N i D N B I
SRRE T SR i P 4 AR i i3 R A XU AN S 7 e
BEIIEAILL , D EE SRR X A1 e el AL
LIRS, I ELX Al 1] 4% sl m B 1] R s SR

N T BRI o A A S5 2R , A SOl o B SR
(77 1R IUE 224 T SRR

2 YRS

AWFRAHERIG— 6 2.5 MW KUBPLEET I
W, 3 RS S B AN X AL PR 3R s 5 i, AN
LS5 BLA5 R AT

MLHFEARFARSEANER 1 s,

F1 HAERERSH

SRR AN
BET)R/ kW 2500
K/ (m - s7) 11
P = AR AR A
REEE/m 80
K E/m 48.8

WA/ (r - min™')  8.75 ~14.4(0. 146 Hz ~0.24 Hz)

WAL AL TFIEE B 1R, B RS AN A3
AN A o ( AR AN 2 1 T AR S I e 2 T RELRS 251
) TESRAEAN A XU 45 1 T AL N A IR S O,
Jo , MU rh— AR e A R A (S A oA
TE 5° I 22, [FAE  ZEA [ KGR 2540 T iz 47— Bt 1]
TCSRERIRBNEAE . LRGP T 8 A% SRt I a5 BAA 22 e 7
BN RN R, R O HLARAL E DL AL R R
DLE R TA] B 3 22 () KGR AT DU 5 A B
Bl X m/s KU AGII LR X £0.5 m/s K B
AR AR ST A TR R S5 TR BILAE P 45 T A5
PRENIEOL, MXLE R R . TCie 2 WA - i i 2 AN
fir, AR s | RN 7 LR A DU s B 3o 3
JLTAHIR], 25 FE A7 15 B A 4R A [m) L, Jis BS54 FH L
AR R S B A R A T AT

W 5 m/s B -5 SR 2 B AL Al )
PRGN S FiR

0.040 r

0.0351 — T4

0030 p R T4
0.025 -
0.020 |

PRIE/(m - s7)

0.015
0.010

0.005
0.000 bt

K5 BNV i LG Gl 1 PR3l A i

1115 AT UL AP ARRES T XS 1P B85 8 o3 IR
W8 4R, 20 RS T B . Ak P ERREETR
2 Hz LN BRI 802 | AL XS 7 B A
it , MLAG PN IR SRR IS AR A B — B AR v
FEREIMAL AT

HUAGT 1) AR 16 41R 3 - 247 {EL A fie K (LB XU )
ARAATBLINE (6,7) TR

0.20 — A& T T )

~ === REEAS T T-¥)(H
" —a— XU T e RAE
£ O0Isf - XA T ek fl
~ A
3
X
b
=
£
;%
v/(m -+ s7)
El6 WP 5 FHPIRES T LA
Al 1e) 41 30 BB XL 1 254



%9 W 2257 48 X7 R AL SB AN 2l e U BT 9T - 947 -
0.10 gL ST
— XS P T A SR AN EER Al {5

| e SRR T T R | ——
2 008F  —a SR T AR !
£ | e AR T AT e
&? 0.06 - +
e Erte
= 0.04F
B ¥
S ool | s |
&

0.00 1 1 1 1 | 1 1

5 6 7 8 9 10 11 HRMERTURCEM,

v/(m -+ s7)

K7 REP A S AP AR R LA
A 1o 1 2l i XU ) 8 A

TSI T H IR R 2, e e LA
6 ) o XL R AR L 5 40 2 7 A L P o o I 30
o T T RE B R 22 T R R B A R Y
JR B, RS A e R AR R T AN s AR iR A AU, e
AT LA IR sl d A B XU 4 728 1 B A e 5 AL
DR AR B 5 26 IR 3 1) F 2 (B E AT 3T Ee o B, 18D 6
H RV AN A Al 1 D 3 S (EL A R O, 2490 F
A 3 ~ 5 A%, (Rl R (3 ) 3 AN P-4 50t
) AENIEL 7 Hhon] DA 1] 4% 3h 22 0 0 A DI %48
WHHISTTE RS RECN—2L,

EIRBEFEA R R BN T 5 AL ZH 1)
PRI, PR 0k ik 0 RFE 5 051 1P Al 9% 3l LAY
RO BUREE S 13 A7 A S AN e e, PR UEHLAH 2 4

@'T?o
3 W LR

s GRS T I e A T3 IR ST
R A 2 B 2 T ST B S
il

5 f&

i

A

:

RS A 7R AL AR Bl 0 AR e L 98 o X
1P FMTIRE , S XS B AP A (9SS I, >
AR AR R B R T3 (B, SEIR — S I [E] 5, 4R 3l i
AT At B 55 5 2 LA AEAILZEL AL, [k e 32
PLC &t WEEF R S KRB, iR 4 5L
LA H A OEE SRR 25, — B IR
RIDI W22 AL AL 15 HL

IR ) TAR AR AN 8 i,

R BHAEHR AL A I 57 AL A ATLZE il v iR 23
INGE BS54 100 Hz BARE 8 i 25 B g 75 R JC
B JE A 8 U B AR RIBUASE 1P BT L4 ik
RSN S , HL TR B A IR S A 2UE . SEPRT

FLARALE 18] K T 3E R B8]

K8 XAEE AT S W 5 PR 2 4

JHEF, UE I %8 K FH Butterworth JE IR 7 , 150 B Wa A R 40,
K 1P HAR AR SCrp eI A L A R
0.1 Hz ~0.3 Hz, i THRSIBSRBA LA IZ 1T
B (D5 G S5 ) (55 3, SRR E HLA Ak T4
TR, 25 IS RSP I XU B 2 s L2
DR E ML A0 X BT B i 3 XU A 1 il
Bl ARSI BEoR . 2588, B IR (i &
TR E AU I AN PR i e R ABLAL

[, Ry 1 B7 1R 4R 8 5 9K w35 R BuiR e, A
WFFE R FHRE I i )7 1k R i 8] Dy SR AR 8] | H: 5

wnE 9 Fr
PriE
NETS Y S S S N SR
18]
FER I :
L
rl 18]

R e
K9 SERHRERMR R R

YR I L R I — BT R 2B R A
FRHEAT — U TA ; [RIRE SRR/ T OB Lo s — B
IR JE ST R EUE RN, B AT 28 0 B A B 4
BURA R AL A

1 Bladed 15 B ML 7E S sh A5 5544 T iz
B ML XA AL 100 m, & 5E THER 2 500 kW, XL
SCUER A dlel. 2 T8, 15 B HLAR Sl ] 3= 3h i g
Bl o SR FH SO Y W 2 e B R AE 90%
DL IR 10 24 K48 A, B T AR 41



- 948 - L B

[ %35 %

4 ZERIE

N T b R B R BLZE B2 s AT, AR SR
PRSI T7 5 I K B A b, BRI B 3R
B BN 0 HLZE e A0 1P i 3 52 0 e o 5 B3 5
B R R W] MR PR AN TR] 57 5 B0 3 25 BE A 20 s 00 XL
FEH 1P YiR3l , HALALAL T B ik, il 1 4k 2
i BE AR A S, RS A R, HLBE A XU K i
TR 5 TS R 9% S A P, (R AR AR BE AR

MRS B S BHs , et T AEL I AR e, S i
I XEEHE I 1P R Bl i B KLk B AR LA A0S K
AP IR B IR R e R ABLAL , 55 FH S s 41 5 1) 07 5
DA/ 14 % 5 il i Bladed 7 ELERHE 1 HEHLH] 14 =
HER P

£ % 3Lk ( References) :

[1] AMIRAT Y, BENBOUZID M E H, AI-AHMAR E, et al. A
brief status on condition monitoring and fault diagnosis in
wind energy conversion systems[]J]. Renewable and Sus-
tainable Energy Reviews, 2009,13(9) :2629-2636.

[2] MARQUEZF P G, TOBIAS A M, PEREZ J M P, et al.
Condition monitoring of wind turbines: techniques and meth-
ods[J]. Renewable Energy, 2012 ,46(5) :169-178.

[3] NIEBSCH J, RAMLAU R, NGUYEN T T. Mass and aero-
dynamic imbalance estimates of wind turbines[J]. Ener-
gies, 2010,3(4) :696-710.

[4] CIANG C C, LEE J R, BANG H J. Structural health moni-

AR5 AR

(6]

[11]

toring for a wind turbine system: a review of damage detec-
tion methods[ J]. Measurement Science and Technology,
2008,19(12) :122001.
JIANG D, HUANG Q, HONG L. Theoretical and experi-
mental study on wind wheel unbalance for a wind turbine
[C]. World Non-Grid-Connected Wind Power and Energy
Conference, Nanjing:IEEE,2009.
RAMLAU R, NIEBSCH J. Imbalance estimation without test
masses for wind turbines[ J]. Journal of Solar Energy En-
gineering, 2009 ,131(1) :284-289.
ZHAO M, JIANG D, LI S. Research on fault mechanism of
icing of wind turbine blades[ C]. World Non-Grid-Connect-
ed Wind Power and Energy Conference, Nanjing: IEEE,
2009.
GARDELS D J, QIAO W, GONG X. Simulation studies on
imbalance faults of wind turbines [ C]. Power and Energy
Society General Meeting, Providence: IEEE,2010.
W W AT KGR B, et al. KUHLIM5E R AN
s A R () BT FE [ T]. LA TR 244 ,2012,48(6) 1 130-
135.
CASELITZ P, GIEBHARDT J. Rotor condition monitoring
for improved operational safety of offshore wind energy con-
verters [ J ]. Journal of Solar Energy Engineering-
Transactions of the ASME, 2005,127(2) :253-261.
GONG X, QIAO W. Simulation investigation of wind tur-
International Conference on

bine imbalance faults [ C ].

Power System Technology, Hangzhou: IEEE,2010.

[ #m3E: JH SR

A LY 0K, R R M ML AT R S I [ ). BLAS T A2 2018 ,35(9) 1944 — 948,

LI Xue-ping, ZHUO Pei-jun, LUO Yong-shui, et al. Vibration monitoring on aerodynamic asymmetry of wind turbine[ J]. Journal of Mechanical & Electrical

Engineering, 2018,35(9) :944 —948.

(m%l*ﬁ>%#§;http;//www. meem. com. cn





