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Abstract: To effectively conduct online monitoring of the damage to wind turbine blades, wavelet
analysis technology was adopted to reduce noise and perform time-frequency analysis on the acoustic
emission signals of wind turbine blades during operation. A dual-channel acoustic emission signal online
detection system consisting of a multi-channel high-frequency acquisition device and several domestic
acoustic emission sensors was established to collect real-time acoustic emission signals from a certain type
of full-scale blade operating with damage. The wavelet threshold denoising method was optimized and its
performance in the localization and operation modal analysis of actual blade damage was also examined.
As revealed by experimental results, in contrast to traditional methods such as Wiener filtering denoising
and spectral subtraction denoising, the optimized wavelet threshold denoising method features high
precision, fast speed, and good stability when applied to the online monitoring system: The time
difference positioning accuracy for the acoustic emission signals of simulated damage reaches 2.2%;

wavelet analysis can also effectively detect the operation modal information of the blades. The experiment
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reveals that wavelet threshold denoising performs well in the aspects of damage localization and modal

information detection of wind turbine blades and holds practical application value.

Keywords: wind turbine blades; time-frequency analysis; wavelet threshold denoising
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Fig. 1 Wind turbine blade damage
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Fig. 2 Wind turbine blade testing system




212 [N .

PN

%559 %

PEFTRAE R BL AT 1Y R A 1 i A 5 AR
R TTHEAT I ST 5 L) S RN Ak BRI RS 4 L AT
K A az A7 MR AR O 19 A5 38R i o T3 Y
P B2 AL K 326 B 4 o]

BB B b AR B A i 7 AN & 3 Ca) i
718 » PG AR 2 ) A TR B 7 AR 10 me 170 mf
B WIS B P A A 22 6] 60 m s Rl B 4 i 45
DR S B4 G M s 6, () I, 7R BE 25 1 AR 30 m
(BB AR UL BT T (S . AR
I BOR AR BN 3(b) i, B HE N O 1%
AR 1. ITTERE N R AR DL AT,

AR iR A e a2

= = H I
T —}!’ I — o

I 1
20 m 40 m

o) A2 i A i o7 ¥ 7 T 1A

1
10 m

(b) % Jats I A A6 5 I 37 22 2B B8
B3 el A ik

Fig. 3 Layout of sensors’ deploymentation
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other algorithms for noise reduction

R AN K ERARE
Bl 6 Ry SC g — B i sh & A R 1 5 800
kHz RHFEJG AT 6 250 M55 B8 . &1 6 th ¥4
149 50 oL -] 51 L B 6 Ca) MR ER TR 5 Ay K
TR B 7 R 5 S AT 6 2 /N 43 i J5 A5 3 A%
WAyt Dy ~ Dy SR 45 2 /NI 5 fR AT I Aoy
%SG X I BE B E AT 6 J2 19 Haar /NS0 # ., AT
DLEH]LEH 6 20 M iz A, C L%
b7 b 52 B I e 1 4 B g R O e S o SR A AR
XFEL 6 (h) i Ag RARAE 5 347 50 0715 2{5 5
SR 1. 25 s, 5 SCBR R A 1. 2 s TR 2 14 R 4%

3.1




5 5

BT A SR /N ST B R L R R AR S b B ) A 213

DUAS BB R 1. 217 s AT . B8 9E T /NI o B

BEA RAF By R % 20 JE RS I SR w] LU R

WX P B st E R .

> 10

.

ST 2 3 4 5 6 T 8§ 9
t/10%

(D FURES

HE/m

Z s
~
gghn.-ﬂ-ﬂﬁmﬂu-qﬂml,
270 1 2 3 4 5 6 7 8 9
t/10°
(b)D,

HE/mV
L'l)ol\)-l;

t/10%
(C)DQ
22
27 1 2 3 4 5 6 7 3 9
1/10°s
(d) Ds
>
2
£
=, : : X : : ! . : ,
275 1 2 3 4 5 6 7 8 9
1/10%s
(e)D,
>
= o
=R : . : : : : .
#70 1 2 3 4 5 6 7 8 9
t/10%
(H)Ds
>
e ———
e P ——————
#7 1 2 3 4 5 6 7 3 9
t/10%
(g) Ds
z S[
= 5L |
1y " Wy
53_2 1 1 L L 1 1 1 1 |
0 1 2 3 4 5 6 7 3 9
t/10'%
(h)Ag

K6 MHMEIMES 6 24 MENERESEE
Fig. 6 Signal waveform of each layer after six-layer decomposition

of acoustic emission signal of blade
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Fig. 7 Damage signal data time-delay analysis

L1 hyl T AR R 3 () M RF S AL B

A WA AL 1 592 38 0F SR B 75 % 36 455, R PR 5

0 R AL HAE B 1 AN 2) >R FHAS [) e g 5 v i

A7 22460

A1 AR HAEFHAR Pt F B AE 5 6
LR 2

Table 1 Comparison of the time delay between the two

groups of wind turbine blade damage signals treated

by different methods
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