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Condition Monitoring for a Prefabricated Sectional Wind Turbine Blade With
Prestressed Connection Specimen Based on PZT

XU Bin'" *, WANG Yujing' , HAN Jilong'
(1. College of Civil Engineering, Hunan University, Changsha 410082, China;

2. Key Lab. of Civil Engineering Structure Damage Detection, Hunan Province, Hunan University,Changsha 410082, China)

Abstract; In this study, a condition monitoring approach for the prefabricated sectional wind turbine blade with

prestressed connection based on PZT is proposed and validated experimentally. The PZT actuator and sensor are

mounted on the surface of the connection member to monitor the condition of the connection member which is firstly

fabricated with prestressed bolts and then applied with incremental axial tensile force. A health index defined with

the wavelet packet analysis on the PZT measurement is employed to monitor the connection condition. The results

show that the index is related to the connection condition and changes obvious due to the separation of the connection

under axial force. The proposed method is effective in condition monitoring for the prefabricated sectional wind tur-

bine blade with prestressed connection.

Key words: prefabricated wind turbine blade; prestressed conncection; piezoelectric lead zirconate titanate

(PZT) sensors; non-destructive detection; stress wave

0 3 &

T X H i 7™ E A e V5L SR A A 85 Y e ] AL %o
AR AT T AR TRRRE Y OT A 2 B R E AL . S
AR T3 KU AL S KL [ A Vestas
NEAH 3.0 MW R BLI Rk 3] T 55 m*,
e [ R 5 1 XX 1 2 e A RS e 9 02 e
ANASC I A L AR A5 R o L a8 i % 114 8 L Y A
SN BTG o R T R R TN ) MR A 3 1 e e 5K
JXHEL I e i 3 B i O B R L T
A RSk R a2 i 1Y T R O R ARG X T S At ) SR
TS o WETETT Kt Xt B I 2 e s U 7 38 RS
F4 W 00 7 0k 0 R B KUBIL I 138 47 2 4 RO R E R

I ¥ B #B :2016-04-06

S [ A 2 T R o £ bR M 0 A
AT AF R R T s oL B RS ) 45 R £t R B e A Y
FH G732 1 R v ) s S o7 3 ) 7 A3
T » A R 2l A5 R AL A 1) D RE S (B A SR —
Foft 35 T 2 Bl i 9 TN 7 28 IE SCOXUBL I A 3 4 BUIR 25
R T7 35 o XF TIUNE F gy i R A 32 4 1) W 3 e BT
HEAT TIOR3 7t o R A3 A 2o R bR 2 s
T TR A o & ey £ 20 R 2
L1 e ErR e
Rt Qs L TR S OO A A5 2 4 ) 3
T 5 38 1o i K5 JE AR 2E 2 R TSk (BNOOAH
i AR RS DL AR S A B ARSI AR DI 1 B

EETE WA PR E SRSV RIIUH (2013F12010) 5 [ BRFLL G 15 5 32 I % WU 4 BRI I H (2014DFE70230)
EE BN VP (19720 55 AL 22N B8R 1 b 2 N R B A2 2R S5 M 45 0 I L 544 23 i 4 . E-mail: binxu@hgqu. edu. en,



270 E OB 5 F 2017 4F
2 HFEEETASLRAENR R
2.1 INEEMERER BT HIER

(a) i3 H eI % (b) FE Hi s T 28 (ORI
1 IR A

1.2 EFNAEEEORSKNERE

AR SCHRE 1 B R I AL R I 1 28 e XX g
S WL BEE R 3% 2 B TR A5 I A A D N
IR0 5 W 4 B B VA ) S L R 43 i)
B A 3R Sy ity A2 0o o FF 52 3 FEL A 5 K il 0K 3 i of
L= A N e v R AL B L 2R A ) B
T 119 42 fih 30 1 A 46 KGR B2 i B IR LR S . 0%
T2z B 5L 4 4 bR 0 23 5 0 1 S i AR Ak ﬁ‘
I3 WM 5 A8 A R AT 3 12 BOAR RDIR 25 1 W
AJFHANE 2 FiR

§m$

"H —> kR

efuhim

bl £ A e B R
W

\J

&l 2 BT i gl 4 4 W ) i
FHELE S BV B 53 1

VN SR ¢ S AN il B Y e e ]

K. HARHIEAE B A5 N R = XA WA B A S 1 A
e, HLREXTE 5 1 w30 & 7 1 A7 AH ) 2 50000 0 1

FAR s m MR RFEE S S, &t N 2/ 5
il JE AR 3 2% AN AR TE B A AR B 155 s o B

S = Sma Tt Sm 0 T SmeN o SN
(1

&b
“7 He

1.3

~—

AN LAY R G AR R 25 5 th & ol 15 5
Bt
E, = I:em,ly" 2 €m z'fnemz‘\"]

L e HARBIH i FESHRER . E XN

Z‘Im k‘z

{fs njﬂ)?!lﬁ?%%#ﬁﬁ Tik M S
JEARJZBA i 55k BUE T

55 Sw M/NBELRE B E SO /NI 4 03 i B
FyJa B A RE 4

2

WPE,, = > e..
i=1

(2)

elmia

3
I fife LAY

N

4

PAKE R e = KU & AL R Sy B R BT 1 AR S
R BLEC ISR (. oy DSBS 3 B2 1 T B
PO AL B, i 3 R . W 4 B RS 4 R
430 mm X115 mm X 37 mm 1 330 mm X115 mm X
37 mm, BOBL Ry R AR AN . AR ISR T 10,9
e iR AR IR H AR N D22 mm, KR 286 mm,
[ e 8 B AR D70 mm = 70 mm [ B AR A, 2
B 2 0 B AR D70 mm 5 70 mm {2 B A
BBAERR

[
BERAE

B3 T IR M8 I 1 2 %5 IR

2.2 EHRMERNGEIE

AR B F H B e AU T R B A T
g K E 4 BR . gi's o Po~Pyo 7R o
— T T AR DA B B — e B AR
(55 % it Al 3 4 PZT /R R (55 3 oo 1) —
KW A AT I, B4 R, Py Rk BE Bl
P, ~P A Ay 1% i

R K S

N R
Lae et

mm | 165 mm 75 mm| 110 mm_[70 mml D@
1 [ 1
!

430 mm | 330 mm |
+ +

E 1150 mm
L1

B4 A O v Bl i A
i 14 2 A
B 5 I B B 3 B i B T 46 - a2
FEARCT 25 w5 s R AR 0 FRE F) 120 kN AR P8 (AN &5
ey g i R AR 3 T i T R e L AR ) R A
SE A g e MR 1 e L
T=kXPXd=
0.15 X120 X 0.02 =
360 (N« m) (5
U &=0. 15 Jy rmy o B2 W2 34 42 A 19 41 4E R B0F 4
fi; P ﬂv%?ﬁfﬁﬁ%@ﬁﬁI?ﬁﬁﬁ s AR i JEE MR A B
Zliﬁw o F AL 700 N o m (9 F s HL4E R F

2.3



wel VRS BN 0 ke e S 2 4 B TR 2 M 271

X W S i fn 0-60 kN-120 kN F Tz Jy » 45 %
P 58 UE HEAT — 85 R L . FEJE 6F A Je 2o i
PREAT [ 2 R A I i e B A7 B A — XA
2 R 5t 43 B (R AH X A2 A% . (50 ¢ LR
frl IR AR By v B 43 1l 2 40 %oF 3% 422 4 9 i e Jon b ) iz
T3 5 B o A Sl e R HIALAS 42 i 48 n 2o
PR far - B i e I 6 Frs. TE I #H K N
2.5 mm.5 mm.5 5 mm.6 mm.6.5 mm.7 mm,
7.5 mm.,10 mm W}, 274554 sh 4 % 3% B R T (5 5
*%U&E"%b@ﬂ(

(b) S IR B

(a) WHARG

5 SO 2R 48 R0 R AR IR N 2k R 42
250
200 ’
/
o~
Z 150 .
ﬁ ,‘,0'/
2100 e
/f
50}
d
0 2 4 8 10 12 14 16
h@/mm
6 far -0 7% Hh &
2.4 REMNERS

I A AR SR AT AFG3000 R AT 3B/ e85
A A A BN R T S AR R R GRS PZT
%W%%im&{nvnk?l‘ib"ﬁ??ﬂ 102 400 Hz. #Jihfs

JEWRAE N 6 VA IE 52 31050 B A5 5 - 300V [
%IJEY 1~20 kHz.,5~20 kHz, 4[] 4 5. 12 s,

3 MhEEREERSAEMNRRER
3.1 EFESNMNEBHRENERSW

& 7 J P, ZEFAMIE ] 1~20 kHz 915 5 180
TR Py BRICE A A IR IS 0 B R
SUWIEE . X HRT R BAE T 25 R RIS R AR T )
9120 kN B Py $2 {5 5 R A8 bU A Tt o 88 44 951 25
T B AESNERAL %N 7.5 mm B R, BLE 5 32 7 B
AT Ab % fh B B RS2 M . BEHX Daubechies ji% bR £
R db9 7RI A5 1 B BN S S R AT 3 B /NI
SR IE TSR N fE A

> 0.02
= " __‘ ]
g -0.02 : ]
0 1 2 3 4 5
i} 1) /s
(a) TEF1H0(P,-P;)
> 0.02
g-o oz' ‘ ..'-“
) 1 2 3 4 5
i 1) /s
(b) T 4120 kKN(P,-P,)
> 0.02
—e————)-
2 —0.02 . . . , ,
0 1 2 3 4 5

i} T)/s

© ﬂfzifl%%hﬁjﬂ 5 mm(P,-P;)
B 7 s R A 0 0 15 - B

SE SCHE T /)N B RE R 1R — 1 TR 1) T IR 2
LR ]

_ WPE,
H.= WwpE. (6)
KX . WPE,, H§— PZT (G2 m £ — T W F

B 5 B/ NP BE R H s WPE . iz A% 18 4% 9K 3l
s 7210 Jie T 0 3 2 B iR 2 T IR AR T 1R 0
O HWE S /N RE R . A SC O AL
%432 0,60 kN, 120 kN FVESh 8 f0 8 2.5 mm,
S mm,5. 5 mm,6 mm,6.5 mm,7 mm,7. 5 mm,
10 mm3E 11 #p A0, Gl 3 xf He o LA B 48 AR Bl
A7 3 1) 72 Al ok S I 4R T 3 R O

R X ORE I ATt 0 FRE 3 #) B B ARt A el )
JI B B SS & 5 LLEAT 35 0 A B8 R FH MR A
R EZ 1) SARL g Ry AR AR B R R IR 2 F8 AR 1 AR 4K
P P,-Py (1~20 kHz) i £ CRLIE 8) Sy 1l Ui B . B
BEAR B I N 0 I E 120 kN, 3% H2 04 % 2 A A 42
Sl Jan 5, A B AR B A VRGBT ) ik F)
120 kN WS PR E IR . Bl 11 S B 90 3, 14 4%
R8T Ak f AN FE AR BE 2 B /N . AR S
A NEGKF] 7.5 mm WL 7 R EOR R 3 R
CBLTT B FE PR BB A 2 1 oAy, M2 2R 5 5

0 W0 25 SR W) G HER R BT R R, ¥ Py AR
Wb A% . P AR WAL IS S B R AE R . BLAh,
}(1, 120 kN: —=-P,-P;(1~20 kHz) |
N S+ Pi-P,(1~20 kHz)

3 /// 25 mr.}\

60 kN S'mmy
g /AR R XY
5 J P, P,(5~20kHz) |

35 mmx e
'fo %210 hm
0 50 100 150 200 250 300
WA /RN

K8 Po-Py /N ER IH— L s dn A LK



272 E o5

oo 2017 4F

¥ 5~20 kHz Sl BE 45 3 RoR7E - 8 Hhal & BE,
V- B Bl 25 R AL R Al E P A AN [R] 1 451 450
PO W25 SR . T AR R O T R o 8 BOR S
PEATA R

K9 MTE P -P, \P,-P, (ES-HIWHATRET
IR RS2 M ERMERE., HETERS
Bl 8 fr7n H R 2. 25 1 2 5K o v A1 A% [k s 114 i) BE
M3 MG = R BUE 5 0 % =l DR R EE R

W /)N
20 ,
_g——= = P,P,(1~20 kiiz)
ST AR
¢ 120 KNS
. /; 60kN , .. X
-
o //i P,-P,(5~2 kHDz)§
/. 1
4 J =+ P:P(1~20kHz) |
/|~ P-P(5~20kHz) (|
0 w10 thm
0 50 100 150 200 250 300
WA J1/KN
B9 Py-Py P,-Py /N L RE R IH— AL A8 bR AR 1L 1B
4 #ib

ASSCHR Y — T B T A0 I T H B R ) A%
B 55 D00 2 19 98007 7 2 P X RUBIL I i 4 B ) i e AR
S WM IV . Wk oA R A2 ) O AR
FR /N B A RE e 1) 22 57 o 4 ) — Pl 0 BRS84S
BT R BOE RS I . AR S Y
FEGRWT -

1) BT /0N £ BB i 1 3% H RS AR br B 5 a3
W T B ) o ) UKL e o e R I A G . A
2 T B B« 48 A F B WA T ) 3G O T AE i 1)
P AF BAE TR D) o B0 Rk

2) BTN AL RE B Y 3% HE R A HE A (R RE VE A
PR TN ) 3 e BT A AR AN . 2 W o T v, B
J1F B A AR H T B /N T 1 IR W 23 BEAR R E
2T .

3) HCHANTR] G 5 T M 2H 5 7 /0N I £ BB A Y
RS TE R R S B » 3% 2 BOH o D 00 1% R B
B R M Sy 0K Sy g -4 WSS IR o 4 AR 28 A s g
B AR BT 5 A 5 v RO o BN 25 R k. H
TEPD A BT B e bt B Rtk in . A%
Hh T 6 56 118 451 0391 T LA B XsF 1 1 463 495 48 B A3 BBl TT
RSB 2% .

S 30k
[1] YU X, QU H. Wind power in China-opportunity goes
with challenge[ J]. Renewable and Sustainable Energy

Reviews,2010,14(8) :2232-2237.

[2] FRIED L, SAWYER S, SHUKLA S, et al. Global
wind report-annual market update [ J]. Global Wind
Energy Council, 2012, 10(2) :30-33.

[3] HOPWOOD D. Generation innovation [ J |. Renewable
Energy Focus, 2011, 12(2) :36-41.

[4] HAHN F,KENSCHE C W,PAYNTER R J H, et al.
Design, fatigue test and NDE of a sectional wind tur-
bine rotor blade [J]. Journal of Thermoplastic Com-
posite Materials, 2002, 15(3):267-277.

(5] Vpk.shdk e, 35007 ) 28 e =0 OB i i o 45 B 45 # At

P HrL)]. TR F12%, 2016, 33(2):209-215.
XU B, HAN ]J L. Numerical simulation on a joint seg-
ment of a prestressed prefabricated sectional wind tur-
bine blade model [J]. Engineering Mechanics, 2016,
33(2): 209-215.

[6] RAISUTIS R, JASIUNIENE E. SLITERIS R, et al.
The review of non-destructive testing techniques suit-
able for inspection of the wind turbine blades[ ]J]. Ul-
tragarsas, 2008, 63(1):26-30.

[7]  BXedie. JETF H rin P 2 f) 45 A4 fdt 5 o D0 A0 4% 15 1K ) 12
WD, K% K%M T K%, 2008.

(81 Fhjgl. A A o B 5 119 ) 6 VR 6 1 445 A4 ft B MW 0 6 R
[D]. K% K Tk ,2009.

[9] XU B, ZHANG T, SONG G B, et al. Active interface
debonding detection of a concrete-filled steel tube with
piezoelectric technologies using wavelet packet analysis
[J]. Mechanical Systems and Signal Processing, 2013,
36(1).7-17.

L10] VPR, BRBEr. FiBAR. & T EAHEYNE R
P A s s e B A DU L . B v 557551, 2015,37(1) 1 172-175.
XU B, CHEN M Q, WANG H D. Interface debonding
detection of diaphragm for large scale irregular CFST col-
umn based on electro mechanical impedance of PZT []].
Piezoelectrics &. Acoustooptics, 2015, 37(1); 172-175.

(117 ¥k, 2894, T, % ZET A K B8 AR 0 8% %

DIREE BRI [T ], B 57 8, 2015, 37(3):
489-492.
XU B, CAI P, ZHOU Y, et al. Experimental study
on defect detection of concrete core of concrete filled
steel tubular with embedded PZT[J]. Piezoelectrics &
Acoustooptics, 2015, 37(3):489-492.

[12] 288, vpsk, JRF. 2T A0S e B bR o 80 4 TR ok + 3%
TSP A LT, FEHL 5 7408, 2015, 37(2):337-341.
CAI P, XU B, ZHOU Y. Experimental study on in-
terface debonding detection of concrete filled steel tu-
bular using surface mounted PZT [J]. Piezoelectrics
&. Acoustooptics, 2015, 37(2):337-341.

[13] SAMUEL P D, PINES D ]J. Classifying helicopter
gearbox faults using a normalized energy metric[]].

Smart Materials and Structures,2001,10(1):145-153.





