ISSN 2186-5647

— HAKER A B TR A5 AS Il S/ At Gl 2 s B 2. (2012-12-1) —

1-34

CFRPH|UE\EL 7 L— N DHREN K OVl 1T 520k & AT

HRAEETLFED) OEN &R
ARARELT & &—

HRAETL HH ER

1. & &

b 3% Wk ME Rk 7 2 A 5~ 7 (Carbon Fiber
Reinforced Plastics ; CFRP) ¢k D4 @Atk b
AT, I - EEREICEN TV DIMEITH D,
F DORNEE TG UM ZEFH 0 B OS5 12 £ <
HHEND L ICRotz. F2, ITETITRIZE
BT L — RORBULIZLENRER D H T A iR
{772 AF v~ 7 (Glass Fiber Reinforced Plastics ;
GFRP) 7> 5CFRP~BATS LT 5. LA L, CFRP
BT L — NXERAPICEREOEZE, HER I
Ko THBZZ TR THREINDIN, BEXEH
AN e 23 < PR A AT IC TRV 28D, 2 AL 5 Offf
BARHIZ X o THBIREICE w2 D TIEMER T
RV BT < B, BHEEI, SRS AE C B AT
REMERH D, & BICHEE Lo L EEA
TIN5 L & @A idai, EMERENMET L,
JEECIEMEEE N Z 00T <D, 20D,
PR IRE & JEREE A 9~ 5 ik & L CREIRE
R, XRIEGRBR, FI3EMEREFRED —
STHDHNMEEROFE R LTS FED e Ln
H5.

AW TIZCFRPEL Y L — ROWNEEE - 7 L
— N OIREMHE & WD CIEREAYICEER L, 7L
— FOBEBEZAOLNCT L2 HBNE TS
B, KRETHEE WMELT, A7 VANREE
B AW CCFRPRURE Y L — RO E A IEE K &
WL ZWE LR, bl ERTEbA
EOTHEPE LR 2 FEMARNT & Lbis L 74
RIZONWTHIETS.

2. ZEBHIE

2.1 #HE A

Fig.1IZ EBR CHW/ZCFRPEURH 7 L — R & 7R
T RTL— N, FEYWCFZ v x (T ) v
7 A W-31013K, =Z L A 3 > : TRK101M 12K)
E, arM (v xy) mARFUBEEFEAL
VaRTMIZ CTHTE S 417-, 32552168.85mm, K
5% 483.81mm, 7 L — RHRJE X453mmD 7 L —
KEZpoTWD, WH OEEE A FI1L60% T,
CFRPZ i@ OB ARIINEIZ L > TEAR Y,

HRAET(E) S
(FR)yr—x2  dnll #ER

Fig.1o> (A)3[3K((£45) / (0/90) / (0/90)) /12K ((45) /
(0/90) / (0/90) / (+45))], (B)ZS[3K((x45) / (0/90) /
(0/90)) / 12K(0/90)]4, (C)AS[3K(( %45) / (0/90) /
(090)]s& 72> T 5. F70, Rl ORIEIZ(A),
(B), (C)Z#Eh2.47mm, 4.72mm, 2.25mm™T, =
THMOEI MBI > TENENE LD (A)T
% A K 209.5mm, fx/)58.8mm, (B) Tl K
52.3mm, #%/29.1mm, (C) TIIAAK36.6mm, H/h
31.9mmE 72 o TN D,

2.2 A L ANNIEESR

BH 7 L — NOBARE &R 2RET 5
72T A VAN B WA 0 2R
EER T o7, EBRTII3AOT L— FE2EHAL,
RERLIFIT T L— RS2 ARy b CREE L
FHEokEL, £V AAN<=TT L— RIZA
T % B 2, 3O N R & o TSEIRNE % H)

L7z, BRI ERR 22 /N E < 572012120
IR T 0 3BT - 7=, Fig. 2l IR A & I g #
OFREMPT 2~ 2%, mANE IS, RV E— %
TR B 72 DIIR S 7 L — RE S & L5
545° ONLEIZEE L, SN E O E T I3
£ 7112 200mmE fF (O T 12 100mmiE fE) ¢
B0 L Uiz, AN EINEIRIIFFT T 7 A4 %
—WNTIREBEIC AR L, TORERESEA
REg L= 2 kD=, £/, E#E— NiXE
— X VFENT Y 7 R ME’scopeVES % FWV TR 72,

23 FFRHEhTER

BT L— RDlcbih bt OTHEFMTH120
WCHELMTERZIT-72. BT, EEOMR
HAMEL T L— RO FEMANC T EZ T 7=,
Fig.3lZ7~ 3 & 2 I far EAE AT B B3 & 0 30mm
DAL > 5500mmlEE CTEFHMEFT & L, $E% %R
|Z9.81N, 19.6N, 29.4N, 39.2N, 58.8NDJEF T4
EFTRIRFIZHNT 7. 7 & O A0 FHANEFT 2
Fig.3, Fig.4lZ/Rd. 7mbAIET L— L) &
B o (0) CEHII L, OV AL A kD
bV HEED-FigADs8EHT (D~®) IZOFH
TR EFHFAIC Y T,

Vibration and Bending Test and Analysis of CFRP Wind Turbine Blade

Takahiro MIYAUCHI, Dan WU,
Kazuhiro SAKATA, Goichi BEN, Yoshio SHINAGAWA

— 119 —



2168.85

N
LI\

Fig.1 Dimensions of CFRP wind turbine blade

Fig.3 Positions of loads and displacement measurements
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Fig.4 Positions of strain gages
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Table 1 Natural frequencies

Natural Frequency [Hz]
Blade 1 Blade2 Blade3 Ave.
1st 145 14.5 14.7 14.6
2nd 26.9 27.1 27.2 27.1
3rd 50.4 60.1 52.7 54.4

Table 2 Damping ratios

Damping Ratio [%]
Blade 1 Blade?2 Blade3 Awve.
1st 0299 0384 0.151 0.278
2nd 0911 1210 0933 1.018
3rd 0.645 0.778 0.748 0.724

(a) First vibration mode shape, 14.6Hz

(b) Second vibration mode shape, 27.1Hz

(c) Third vibration mode shape, 54.4Hz

Fig.5 Vibration mode shapes obtained from experiments
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Table 3 Material properties

CFRP W-3101 3K TRK101M 12K
Modulus of elasticity
Longitudinal 50.4 GPa 52.6 GPa
Transverse 7.1 GPa 7.4 GPa
Shear 3.44 GPa 3.84 GPa
Poisson's ratio
Longitudinal 0.34 0.34
Transverse 0.02 0.02
Urethane Core
Young's modulus 12 MPa
Poisson's ratio 0.25

Table 4 Comparison between experimental and FEM results
Natural Frequency
Experiment [Hz] FEM [HZ] Difference [%]

1st 14.6 15.2 4.2
2nd 27.1 41.6 34.9
3rd 54.4 64.8 16.1

(a) First vibration mode shape, 15.2Hz

(b) Second vibration mode shape, 41.6Hz

(c) Third vibration mode shape, 64.8Hz

Fig.9 Vibration mode shapes calculated from FEM
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Fig.10 Comparison of displacement between experimental
and FEM results
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Fig.11 Comparison of strain between experimental and
FEM results
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