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Abstract

To analyze the vibrational frequencies and dynamic response of wind turbine blade with wind
loads, the zeroth-order approximation model was adopted and the centrifugal stiffening effect was
included to derive the dynamic equation of the rotating blade. The formula of stiffness matrix and
mass matrix was given in the paper. Finally, the vibrational frequency and wind-induced response
of a blade were calculated. The results show that the rigid-flexible coupling effect has few effects
on the out-plane stiffness of blade. The in-plane stiffness of blade, however, was affected by this
effect. The centrifugal stiffening effect both strengthened the in-plane and out-plane stiffness of
blade. The results of the paper have some reference value to the dynamic design of wind turbine
blades.
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Figure 1. The beam rotates around a fixed axis
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Figure 2. The bending of flexible beam in the

xy plane
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Table 1. Comparison of frequencies of blade when rotation speed and radius of hub were 2.856 rad/s and 3 m (unit: Hz)
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Figure 3. The first natural frequency varied with the change of
rotation speed
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Figure 4. The first natural frequency varied with the change of
radius of hub
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Figure 5. The time history curves of wind-induced response
of blade tip under different models
5. FEMERT, MocHoREXUIG R AT FZ L
5. &g

1) RS AT TR, Ko XA R 3 T P9 B A AR AR T A 7 i R s, L 5 f
PRI AE TR T P9 P25 AR TG K . ok B SERE I, ZEM(ERE R 1 AlR . 0 K XS I A e i Y
AN NI 2 BAT S SRACR 3 1 S5 IR B IR

2) M BERIRBN TR, TG BB ) T A R A BRI A, E ORI + L
WA A2 (1 IR M IS5 T A 2 /0, Ui 17 K I PSR - B TR A1 R PEEA 7 A R i A A T 8 a4
RONEAE Iy (R TET Y AT A SE RS 21 7 35, B LLRERS PR P A2 BENLXGRAE T R IO ALRS . PRI, A )5 i
Fi R S 73 M 24 mp (R 5 B TP 1 1038 30), AT BAANE RS Ky B2, 170 Pk Py FXD 8 P 28807 U 5 20 LA

e HE

[H 2 H SR FL 22 5 4 (51278106, 51438002), VL7548 7=~ WFEi &40 H (BY2016076-11), & L &i's &
2750499,

SE 3k
[1] Putter, S. and Manor, H. (1978) Natural Frequencies of Radial Rotating Beams. Journal of Sound and Vibration, 56,
175-185. https://doi.org/10.1016/S0022-460X(78)80013-3

[2] Yoo, H.H., Park, J.H. and Park, J.H. (2001) Vibration Analysis of Rotating Pre-Twisted Blades. Computers and Struc-
tures, 79, 1811-1819. https://doi.org/10.1016/S0045-7949(01)00110-9

[31 Choi, D.H., Park, J.H. and Yoo, H.H. (2004) Modal Analysis of Constrained Multibody Systems Undergoing Rota-
tional Motion. Journal of Sound and Vibration, 280, 63-76. https://doi.org/10.1016/j.jsv.2003.12.011

[4] ZEfEUE, whBca, GRERE, & KOUHURREE R IRENIEAS T[], KRHAE+4), 2004, 25(1): 72-77.
[6] hbrts, ZEM8 K. B RENIRIEE M KR II U R IREIBES AT 9], T AR REYE, 2012, 30(5): 38-41.
[6] (& XIIHUIEHE P23l J ke B 5 73 A [D]: [t 22418 3], Alisk: ilisk K2, 2005.

[7]1 Ayt #Uk, FI, & RIIHLEEZE- i8S 8 0 B 38 AT [9]. e K 28 24k (B 2R B2 hR), 2014,
41(4): 87-93.

[8] MIthE, EFY, W, % ETHEL-H A AR RSN ENURIRE 57 08T [J]. TF2 /1%, 2015, 32(8): 36-41.
[0 #tFadk. HHE AR RGN ML AT @S EE HikRAL, 2003: 60-62.

DOI: 10.12677/hjce.2018.72025 212 T ARTHE


https://doi.org/10.12677/hjce.2018.72025
https://doi.org/10.1016/S0022-460X(78)80013-3
https://doi.org/10.1016/S0045-7949(01)00110-9
https://doi.org/10.1016/j.jsv.2003.12.011

L, TR

[10] ZEFFAR, BN, e RIEEME T E]. ERAEEMR: HRRHARR, 2001, 24(6): 36-39.
[11] RHear. FeiEm NI & REsh 1240 R[D]: [ 24008 30]. IA/RIE: MR LFE A, 2011.

[12] Naguleswaran, S. (1994) Lateral Vibration of a Centrifugally Tensioned Uniform Euler-Bernoulli Beam. Journal of
Sound and Vibration, 176, 613-624. https://doi.org/10.1006/jsvi.1994.1402

[13] EBhk. HR#BICEM]. dba: i RS H AL, 2003: 28-36.

[14] Murtagh, P.J., Basu, B. and Broderick, B.M. (2005) Along-Wind Response of a Wind Turbine Tower with Blade
Coupling Subject to Rotationally Sampled Wind Loading. Engineering Structure, 27, 1209-1219.
https://doi.ora/10.1016/j.engstruct.2005.03.004

[15] FR/bhie, BRfdz, Z2emh. e B XU R BBk ah KR RSB AA]. T E AL T RE2A4k 2008, 28(32): 111-116.

L
Hans iXith
KRR R BB R 7 2\

1. FTFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THIFIRHEESE: [ISSN], HAHITI ISSN: 2326-3458, R £ i)

2. FTFFENPIE TR http://cnki.net/
e« BRSCEk AT BN, I NSCEERRE, RIR A

AEE S http://www.hanspub.org/Submission.aspx
HATFIMEAE : hice@hanspub.org

DOI: 10.12677/hjce.2018.72025 213 T ARTHE


https://doi.org/10.12677/hjce.2018.72025
https://doi.org/10.1006/jsvi.1994.1402
https://doi.org/10.1016/j.engstruct.2005.03.004
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjce@hanspub.org

	Dynamic Analysis of Wind Turbine Blade with the Rigid-Flexible Coupling Effect
	Abstract
	Keywords
	考虑刚柔耦合效应的风力机叶片动力学分析
	摘  要
	关键词
	1. 引言
	2. 柔性梁的动力有限元方程
	2.1. 刚柔耦合建模理论
	2.2. 离心刚化效应

	3. 叶片的旋转固有频率分析
	4. 叶片随风动力响应分析
	4.1. 风荷载计算
	4.2. 叶片随风振动分析

	5. 结论
	基金项目
	参考文献

