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Tab.1 List of parameters of NREL 15 MW wind turbine

blades
B e B /m K /m HfMA/rad T/ m
FFA-W3-211 117.00 0.50 —0.02 4.00
FFA-W3-211 111.15 1.99 —0.03 3.43
FFA-W3-211 90.29 2.90 —0.3 1.71
FFA-W3-241 74.67 3.50 0.00 0.73
FFA-W3-270blend 62.91 3.96 0.02 —0.18
FFA-W3-301 51.38 4.48 0.04 —0.12
FFA-W3-330blend  38.47 5.15 0.08 —0.24
FFA-W3-360 29.30 5.68 0.12 —0.25
SNL-FFA-W3-500 17.55 5.65 0.19 —0.21
circular 2.34 5.21 0.27 —0.02
circular 0.00 5.20 0.27 0.00

|
1 NREL 15 MW KU #LIF J 78 A
Fig.1 Schematic of NREL 15 MW wind turbine blade

1.2 AN H*

SRR 5 4 32 Sl A AL R 2 (R N AR a8
AR LS S5 Mz sh AR 8L, AL A B e 3 4 2 X
AR AN AT AR A WA A, R AR S B 7 B
55 2545z 3 05 oy 5k

(1)
[—w’M+(1+ic)K—0.50V*hA]g=0 (2)
Xrh o3RRI R FE 4w KRR WAKIE S
N L N 7/ A | I M = AV NI 1 <5 ol 1 e s B )
] s F R i)™ AT 50 s SO B s PR RS v R
SR NBEE v=p/o, b p SR E BB
JE 50 HESRATR s MO U R KT SCHIEE 5 ¢
KB REG VARG 0 WS HKE AR X
BRI REG g T AR
SIAFF S A TR X, S5RAR X, 2 1, B
=X,/ X, , A AR IE 5L AR R 9 A2 Bh 5 454832 3
B ARARLPE | 45 9 B 09 FO A 75 0 2
AL AAL A Ay
== = =1 (3)
AAo A A AAL
A=A A= 2Ax=2A,2%2,A, (4)
A S i AR R, Y
UK T 4 X 107 I XU 37 28 LA B2 AR L, 0 15 4
AEBL SR FH B 1 RN S8 RO 5 Hh T ) MR O AR
AL 000 s I o A o e 2 e 22w O O TR
ALL 5 AR VG SRR LR T T 88 AR ARLASE 4L 5 30 R 57 1y 2R B £
FEAHAE o W TR S 30 I A S R 80, W B
IR o 256 25 PRI T 00 A & 5 i L2 XU BH 28 %
BR B U 45 ROEE I A, =1:70, KR L BN S
B LY F A R ) SR BT AR L 36 2 S U L R AR
L 4 RUFH AR, EL 8 3% .

F2 KANMRFSEERERBLLIETIE
Tab.2 List of reduced scale similarity ratios of wind

turbine blade aeroelastic model

FEABLZR B AL E i FL TR
JUmaE R A, 1:70 117 m 1.67m
HELA, 1:1 1.29 kg/m?® 1.29 kg/m’*
U B A, 1:70%° 52.71 m/s 6.30 m/s
BF ] G A, 1:70% 8.37s 1s
WA, 70%:1 0.555 Hz 4.682 Hz
J i L Ay 1:70° 65.25t 369.27 g
W BE BE A 1:70° 46.55 MPa 0.0277 Pa
FHJE L A, 1:1 3% 2.1%
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Tab.3 Comparison list of modal parameters of blade
aeroelastic model

B /Hz
"~ A R T A %ﬁﬁﬂ )
¥ A NREL 5T W Y
wE b mE o A
gL R R g
1 —hr 0.555 4.643 0.555 4.724 0.565 1.70
YL
2 —hr 0.642 5.371 0.642 5882 0.703 8.68
)
3 =B 13.369 1.598 14.048 1.679 5.08
YL
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3
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Piezoelectric vibration suppression effect and dissipation mechanism of
energy of wind turbine blades

WU Hong-xin"*, KE Shi-tang"*, LU Man-man®, GAO Mu-en’, TIAN Wen-xin®,
WANG Tong-guang'
(1.Jiangsu Key Laboratory of Hi-Tech Research for Wind Turbine Design, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China; 2.Department of Civil and Airport Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 211106, China)

Abstract: Intelligent piezoelectric wind turbine blade is a new conceptual blade with adaptive vibration attenuation proposed with
the large-scaled development of wind turbines. This study explores the vibration attenuation effect and energy dissipation mecha-
nism of piezoelectric blades. It could provide a theoretical reference for piezoelectric load vibration reduction design for ultra-large
offshore wind turbine blades. Moreover, an aeroelastic model design method of equivalent beam section applicable to section-vari-
able three-dimensional blades is proposed and the piezoelectric vibration attenuation effects of 15 MW wind turbine blades are com-
pared based on synchronous aeroelastic wind tunnel test of vibration and force. The evolution law of rotate speed and energy distri-
bution form of electrical-aeroelastic coupling mode are analyzed based on the secondary developed kinetic model of electromechani-
cal coupling blades. Meanwhile, the dissipation mechanism of energy of piezoelectric blades is disclosed. The research demon-
strates that the proposed aeroelastic wind tunnel test can reflect the wind-induced vibration attenuation effect of piezoelectric blades.
Piezoelectric materials can narrow the interval of sensitive wind angle of wind turbine blades, increase the critical wind speed for
frequency-locked vibration significantly and prolong the energy accumulation time of aeroelastic instability. Piezoelectric materials
lead to a uniform transfer of wind-induced vibration energy of blades in the modal space, weaken energy accumulation of negative

damping modal, and strengthen the energy dissipation of positive damping modal.

Key words: 15 MW wind turbine blades; aeroelastic wind tunnel test; piezoelectric vibration attenuation effect; dissipation mecha-

nism of energy ;electrical-aeroelastic coupling mode

EHEBN: RISFE(1996—), B, W0 A . ik (025)84891595; E-mail: wuhongxin_nuaa@163.com .
WIRESE TS (1982—) 55 11 82 . Ml (025)84891595; E-mail:keshitang@163.com.



