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ABSTRACT

Recently, researches related to the green energy generation systems have increased significantly.

Among them wind turbines are the most spread practical green energy generation systems. In order

to enhance the power generation capacity of the wind turbine blade, the length of wind turbine blade

has increased. It might cause undesirable excessive dynamic loads. Therefore dynamic characteristics

of a wind turbine blade system should be identified for a safe design of the system. In this study,

the equations of motion of a wind turbine blade system undergoing gravitational force are derived

considering wind force and pitch angle. Effects of wind speed, variation of pitch angle of the wind

turbine blade, rotating speed, and the blade length on its stability characteristics are investigated.
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Fig. 1 Variation of wind turbine speed
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Fig. 2 Effective area of the blade
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Fig. 3 Variation of wind turbine speed
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Fig. 6 Pitch angle for the blade
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Table 1 Numerical data of wind turbine blade

Notation Description Numerical data
E Young’s modulus 51.7 GPa
p Mass per unit length 288.455 kg/m
Ve Moment of inertia 6.69E-4 m*
I Moment of inertia 9.53E-3m*

Transactions of the KSNVE, 22(12) : 1164~1171, 2012 | 1167



Seung Min Kwon, et al; Stability Analysis of a Wind Turbine Blade Considering Wind Force and Variation of Pitch Angle

Angular velocity (rad/s)

Time (s)

Fig. 7 Angular speed of hub

150 05
04
03
100
- do2
0.1
59 1 4 5 0

Length of a blade(m)

2 3
Angular velocity(rad/s)
(a) 6,=0°
05
= 0.4
i \
[ 7]
o
© 0.3
F=
(]
2 02
=)
S
= 0.1
0 2 4 0
Angular velocny(rad."s)
(b) 6,=10°
150 — 05
= 0.4
E
L3
o
K- - {03
=}
(]
E - {02
i=)
c
L7
= 0.1
5o 1 2 3 4 5 0
Angular velocity(rad/s)
(c) 6,=20°
Fig. 8 Stability diagrams considering the pitch angles
(vi=0 m/s)

1168 | Transactions of the KSNVE, 22(12) : 1164~1171, 2012

7(-::1-0510:1

A% @ & gk sl dente %
A LFAERS] U4 HoAA e

=gl AZI7E AR A

Fig. 9% pitchZto] 079 A9- 3229 FHEE
mE A|2BY 123} I§HEs HekE YRty o

8o IEEIL SIkrE ALRe] i et
sk Ae & 4 Sdrh ddem gAd A
Alz=Ele] SHEe} 12} AR E7E ks A3
°ltt.

Fig. 10 pitchZ}o] 0°0]3L Bello]= Z10]7} 130m
ol A9 /\]}\EﬂA 12} T 4.216rad/s% 3§
1 ARG o Beel= Aatshd = S
UrEPfH Aot} 12 = GFelM Al

RiA

=
A
£ o
[e]
Hes &

o 2

4k
= I=130m L
— — 1
o
& L=140m ! _i, —
3k — I
& L=150m H po
@ ‘ ! 1
S ' [ h
o i 1 1
£ 2} oo
- 1
[ i 1 \
|4 i 1
= - 1 ;
[} | ! I
=z 0 I H
1 i 1 f
1
N
' I H
' [ )
) 1 1 p LRSI
0 1 2 3! 4 5

_-Angular velocity (rad/s)

Fig. 9 Variation of first natural frequency

1.00

075+

0.50

Dimensionless bending deflection

0.0 I h
0 25 50 75 100

Time (s)

Fig. 10 Transient response at unstable region



Seung Min Kwon, et al; Stability Analysis of a Wind Turbine Blade Considering Wind Force and Variation of Pitch Angle

2¥lo] FEHE B9 SRl Baske 2

ATt ole} HijE

e geolmz 2 RN P SHEL
+EE Aola A

O

Fig. 11
ol o] <F

-
Py =

B o

150 05
— 04
£
T
i)

S - 103
e
100
[e}
= - {02
IS
[
o
= 0.1
500 1 2 3 4 5 0
Angular velocity(rad/s)
(a) 6,=0°

150 05
— : 04
E
T
o
= - {03
o
.g 100
et - {02
B
=
o
- 0.1

500 1 2 3 4 5 0

Angular velocity(rad/s)
(b) 0,=10°

150 05
_ 04
E
(7]

o
ko) 03
o
]
k<]
= 0.2
=]
c
L7
- 0.1
Angular velomty(radfs)
(c) 6,=20°

Fig. 11 Stability diagrams considering the pitch an-

gles(vi=10 m/s)

= i
[e) R

rad/sQlHl pitchZfo] 57 55 A&olA EA

99 T3t Frkelr] ditel Ebd 9s & Al

Length of a blade(m)

1 2 3 4
Angular velocity(rad/s)
(@) 6,=0°
05
= 04
E
[}
o
= 0.3
s
g 100
< 0.2
[=]
c
LF
- 0.1
0
Angular velomty(rad:’s
(b) 6,=10°
150 05
= 04
E
3
K-} - 0.3
5
Z 100
S
= - 40.2
B
=
L
- 0.1
5E:'0 1 2 3 4 5 0
Angular velocity(rad/s)
(c) 6,=20°

Fig. 12 Stability diagrams considering the pitch an-
gles(v=50 m/s)

Transactions of the KSNVE, 22(12) : 1164~1171, 2012 | 1169



Seung Min Kwon, et al; Stability Analysis of a Wind Turbine Blade Considering Wind Force and Variation of Pitch Angle

2 kb A Qubel 5 EA0 Ueht
§ 2eba o) oo alol=e] Wizl uj$ =)
ek goje] tehbs A o 4 gtk o 2
dlolme) THUEF QoA et B4 o
o] ohe Fol o) s Belol=el §4
$do] F7kke golrh. §a Helol= olst
F7hha A%om sk Gl ek 2
R
4.8 &

o] =E-2 20129 % 29+ Ty 3214 g0l 2

_C:L
2
N
r‘\.(_o‘
il
32

lo

A5 AT

(] 6I_-|

i
Mo

(1) Southwell, R. and Gough, F., 1921, The Free
Transverse Vibration of Airscrew Blades, British A. R.
C. Reports and Memoranda, No. 766.

1170 | Transactions of the KSNVE, 22(12) : 1164~1171, 2012

(2) Abbas, B. A. H., 1986, Dynamic Stability of a
Rotating Timoshenko Beam with a Flexible Root,
Journal of Sound and Vibration, Vol. 108, No. 1, pp.
25~32.

(3) Hansen, M. H., 2004, Aeroelastic
Analysis of Wind Turbines
Approach, Wind Energy, Vol. 7, No. 2, pp. 133~143.

(4) Riziotis, V. A. and Voutsinas, S. G., 2004,
Aeroelastic  Stability of Wind Turbine, Wind Energy,
Vol. 7, No. 4, pp. 373~392.

(5) Ishida, Y., Inoue, T. and Nakamura, K., 2009,
Vibration of a Wind Turbine Blade(theoretical analysis

Stability
Using an Eigenvalue

and experiment using a single rigid blade model),
Journal of Environment and Engineering, Vol. 4, No. 2,
pp. 443~454.

(6) Kane, T., Ryan, R. and Banerjee, A., 1987,
Dynamics of Cantilever Beam Attached to a Moving
Base, Journal of Guidance, Control, and Dynamics, Vol.
10, No. 2, pp. 139~151.

(7) Yoo, H., Ryan, R. and Scott, R., 1995, Dynamics
of Flexible Beams Undergoing Overall Motion, Journal
of Sound and Vibration, Vol. 181, No. 2, pp. 261~278.

(8) Yoo, H. and Shin, S., 1998, Vibration Analysis of
Rotating Cantilever Beams, Journal of Sound and
Vibration, Vol. 212, No. 5, pp. 807~828.

(9) Jung, K. 1. and Yoo, H. H., 2010, Dynamic
Stability Analysis of a Rotating Blade Considering
Gravity Effect, Transactions of the Korean Society for
Noise and Vibration Engineering, Vol. 20, No. 11, pp.
1052~1057.

(10) Spera, D. A., 1994, Wind Turbine Technology,
America Society of Mechanical Engineering.

(11) Lanzafame, R. and Messina, M., 2007, Fluid

Dynamics Wind Turbine Design: Critical Analysis,
Optimization and Application, Vol. 32, No. 14, pp.
2291~2305.

(12) Yoo, H. H.,, Ryan, R. R. and Scott, R. A., 1995,
Dynamics of Flexible
Motion, Journal of Sound and Vibration, Vol. 181, No.
2, pp. 261~278.

(13) Kane, T. and Levinson, D., 1985, Dynamics,
Theory and Applications, McGraw-Hill Book Co.

(14) Murtagh, P. J., Basu, B. and Broderick, B. M.,
2005, Along Wind Response of a Wind Turbine Tower

Beams Undergoing Overall



Seung Min Kwon, et al; Stability Analysis of a Wind Turbine Blade Considering Wind Force and Variation of Pitch Angle

with Blade Coupling Subjected to Rotationally Sampled
Wind Loading, Engineering Structures, Vol.27, No. 8§,
pp. 1209~1219.

Seung Min Kwon received his
B.S. degrees in the Department of
Mechanical Engineering in Hanyang
University, Seoul, Korea in 2008.

He is working as a ph.D. candi-

date in the Department of Mecha-
nical Engineering in Hanyang Uni-
versity, Seoul, Korea. His research interests include

structural vibration and multi-body dynamics.

Moon Jeong Kang received her
B.S. degrees in the Department of

-~ - Mechanical Engineering in Hanyang

> University, Seoul, Korea in 2012.

s She is working as a M.S. candi-

‘ date in the Department of Mechani-

cal Engineering in Hanyang Univer-
sity, Seoul, Korea. Her research interests include vi-

bration and multi-body dynamics.

Hong Hee Yoo received his B.S.
and M.S. degrees in the Depart-
ment of Mechanical Design in
Seoul National University in 1980
and 1982. He received his Ph.D.
degree in the Department of Mecha-
nical Engineering and Applied
Mechanics in the University of Michigan at Ann
Arbor in 1989. He is a professor in the Department
of Mechanical Engineering at Hanyang University,
Seoul, Korea. His research interests include multi-body
dynamics, structural vibration, and statistical un-

certainty analysis in mechanics.

Transactions of the KSNVE, 22(12) : 1164~1171, 2012 | 1171





