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ABSTRACT

The purpose of this paper is that investigates the dynamic behavior characteristic of W.T.S(wind
turbine system) and carries out the evaluation analysis during operating W.T.S. To investigate the
dynamic behavior characteristic of W.T.S, the experiments to measure vibration of the blade from the
attached accelerometer on the flap and edge section of the blade that is one of the most important
elements of dynamic characteristic of W.T.S are performed. Natural frequency and mode shape are
calculated with commercial program (ANSYS) using the measured vibration acceleration that receives
the signal with F.F.T Analyzer from the accelerometer. For validation of these experiments, the finite
element analysis is performed with commercial F.EM program (ANSYS) on the basis of the natural
frequency and mode shape. The results indicate that experimental values have good agreements with

the finite element analysis.

.M 2

THwAA A (wind turbine system) & $-2
°ﬂ = Hs} vl A g d713 JYAZ "}
AT AR EEN Ado] T3
}1;] 2ol AARA I8y Ve HEAAE X
A v AR 7iE 9 Fvtoith
HRHAAHLS IA aFAuRE 7AH A

o oX rlf B
N
OL

o Ml ox

ors

YAz} A3, A 7| AT
E-mail : soncy @inha.ackr

el : (032)860-7338, Fax : (032) 864-5850
QBB ThSH ATkt

*

A AHOI EolE B4

A2 WS 74 ARG o)gA WEE A
£ A7A oA Z HEsle A7) AAE T3 Al
299 A5AE Aojste Ao AXNEE FAAHTh
g Y2 E J|A A JUAZ HEste 14 84
%9 3ol Z# ol (blade) & AUAE W@st= 1
AF QAN FFLAANLHAA BTS2 F
o] shold, ol@@ Belol=E: 28V FRP
(fiber reinforced plastics) & A ZHoix=td Zujol
Al e st

data7} =3 Aeo|t}. )

24 15011 g A" 371? F9) shiel modal
teste BFAEZ s EeHolme F5A4
(dynamic behavior)®"¢ BM3l= wwle) 9zoz

EH/A 1548 A 11 5, 2005



B3 8 FRPE A&¥ Rotor Blade A%

Bl A9
shape) ®oll &t

12

# BEFd(mode
}04 ol ojaf
{;E]_

A

o A
[0

2
o

gg

gt A7
—T““’ﬂ*ﬁ %’r”‘@l 78 =)
Y AAA Q] ] data R/ Brlssqen, A
Hs] A7 ool & Foprt A gon
3 AAFL A7t LFHAAE AE el
gloj=oll th3k modal testE 2AIEHA 5]910
golE9 #3 4% (bending test) =

m
E S

¢

I-FU

2.1 Algl 4l

A4 °q—?°ﬂ A BEol=e A AFET
TERH @A Wl 839 10kWs 38
%H wielth, dgel] AHEE EHolEE
A, layer®l g, =7 (material property)
Byol=g SAsoH, o= Azt
FAYS [7ER oo g MY FY
G537 YA 279 EFel=E SA5Th

EHol=e A3 Ald R A5 A

2 7]
o

o|

il

(1)

o A e

— =

=

Fig. 1 Rotor blade

Table 1 Lay-up specification of blade

. Thickness Unit area
Layer Material [mm] weight [ke]
1 M300 0.4 0.3
2 L T600 0.7 0.6
3 M300 0.3 0.3
4 DB600 0.7 0.6
5 M300 0.4 0.3
6 DBLT1340 15 1.3
7 DB600 0.7 0.6
8 DB600 0.7 0.6
9 M300 0.4 0.3
Total 5.8 [mm] 4.9 [kgl

% 499 A7

iy

54 240

Table 2 Material property of blade

Name of goods DBLT 1340
Arrangement 0°/-45°/90°/-45° [Degree]
Weight 1333 [g/m’]
Thickness 1.5mm
Material property | E1 = 12.81 GPa, E; =1045 GPa
Allowable stress 195.00 MPa
Poisson ratio 0.43
l c I
l I
Cross
Section A

S

Fig. 2 Rotor blade airfoil

(2) Edolrg A

(basic dimension of blade)

Table 3 Basic dimension of blade
Item Dimension
Rotor speed (rpm) Variable, 120~170
Material Fiber reinforced plastic

Blade length (m) 34
Root chord length (m) 0.34
Tip chord length (m) 0.06
Twist angle (degree) 15
Blade weight (kg) 382
Blade area (m®) 2.4
Blade density (kg/m’) 1500

Vibration measurement test of blade

!

Vibration and dynamic characteristic
analysis of blade

]

FEM analysis

3

Mode shape and frequency analysis

i

Result comparative study

{

Dynamic characteristics identification of
blade

Fig. 3 Total work flow of experimentation
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Comparision of Rotor Blade Modai Test Resuits
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Frequency(Hl)
Fig.10 A-01 vs B-01
Table 4 Test data
Mode Peak frequency (Hz)
1st Mode 4823
2nd Mode 10.25
3rd Mode 18.25
4th Mode 21
5th Mode 40
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Table 5 Result of analysis

Mode Shape Frequency(Hz)
st Vertical bending mode 3.005

Znd Horizontal bending mode 5.698

3rd Vertical bending mode 14992

4th Torsional mode 28.850

5th Vertical bending mode 39.513
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Table 6 Result of test and analysis

Mode Resu}tH% test Beam(Hz) Mo degl’i‘ng (Hz)
= 1st 4823 3005 3113
ond 1025 5,698 5.767
3rd 1825 14.902 1630
4th 21 28850 2787
5th 40 39513 36.237
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