22 SR A MBSk

S00WS FeLdy] Ba) Beolse] A4 B LN Ey @

* *

= * - - - -
T, A, g, U

Investigation on Design and Impact Damage for a S00W Wind Turbine Composite
Blade

Chang-Duk Kong”, Su-Hyun Choi’, Hyun-Bum Park’, and Sang-Hoon Kim'

ABSTRACT

Recently the wind energy has been alternatively used as a renewable energy resource instead of the mostly
used fossil fuel due to its lack and environmental issues. This work is to propose a structural design and
analysis procedure for development of the 500W class small wind turbine system which will be applicable to
relatively low speed region like Korea and for the domestic use. The wind turbine blade was performed
structural analysis including stress, deformation, buckling, vibration and fatigue. In addition, the blade should be
safe from the impact damage due to FOD(Foreign Object Damage) including the bird strike. MSC.Dytran was
used in order to analyze the bird strike penomena on the blade, and the applied method Arbitrary
Lagrangian-Eulerian was evaluated by comparison with the previous study results. Finally, the structural test
was carried out and its test results were compared with the estimated results for evaluation of the designed
structure.

x5

A2 3 ARsh n2ge) we gA oA A ATt Bs deEm gt o WA dudE 3 FY Wl
sigtel oA W71 oAz o] i AAYOR W ABHHlY] tho] theFstAl ATET gk webd ¥ @
Tol B3 S00WH 4% Y WHE Belo|sol Az st wste] Ao Fho| we ot 2o Ao A
8 % QES A Solof e £ CRANE ARGYE DAY Dk AP Hol=e) FeAA L 72 P
of AtEIRten], RN R MY YA, BN, AFRSHHo] YRk B Fo WA Aswel WA 5
 SABEAAS wAth) AHABEL FUATEANE oI8T TEAH W HEAA ARG waHy, vad T
AAste] A AT FAHS Hlshelnt.

Key Words : E3¢d Edjlo]=(Wind Turbme Blade), =917 E31A(Sandwich Composite), -2 A] U g2 A|(Structural

and Aerodynamic Design), &5 55(Bird Strike), S5 3f4(Impact analysis)
L& AE 4 AT 4 UES WY oA viFRe] F
£ Aagless WEAHoly) dge] ool ATEn
T 3 durt agd gt oA oA A AF7E Qich @A A g 2 Aage HegFE Ao
s AFET ok Be F WAAARL dhge) o oiF B9 2 A29L dRE 9x 24 5 2718 AL

* Akl &3 2F3e, WAIAZHE-mail:cdgong@chosun.ac.kr)



#2249 H 1 % 2009, 2

S00WF Feuay] Ha Helolmel AA B Sy Gy 4y 23

Design Requi ‘*
Preliminary Design 1+
¥ Acrodynamic Design l
l Analysis by FEN Design
Modification
Aerodynamic Performance I
Design Analysis
Modification l Blade Manufacture
3 Subscale Hedel Aerodynamic I
Test
Structural Test
Load Analysie l
Evaluation of Structural
Safety & Fatigue Life
Finalization of Design
Fig. 1 Flow of aerodynamic and structural design.
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Fig. 2 Blade aemdynamic configuration.

Table T Aerodynamic design results of small wind turbine blade
Rated power S00W
Rotor radius 1230m

Blade root chord 149.208mm

Blade tip chord 42.72Tmm
Blade total twist 24.353deg
Airfoil DU 93-W-21D
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06 Table 2 Load cases for structural design
0s | Load case Case 1 Case 2 Case 3
z Reference
3 04 ) 8m/s 20my/s 55.0m/s
< wind speed
3
o i . .
g 0° Gust condition without with
H storm
3 (+20m/s, £40°) gust gust
02
Rotational speed 433rpm 1069rpm stop
o1
o -
0 f 2 3 4 5 5 ; s 3 10 . Flapwise moment diagram
Tip Speed Ratio ey
400
Fig. 3 Power Coefficient vs. Tip Speed Ratio. 3%
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Fig. 4 Power of acrodynamic analysis.
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Fig. 5 Moment diagram for Load Case 2

Table 3 Mechanical properties of materials used in the present blade

design
Glass/Epoxy Fabric ~ Polyurethane Foam

En[N/mm?] 10500 60.86
Eaa[N/mm?) 10500 59.86
G2[N/mm’] 1450 19.18

v 027 0.2

X [N/mm’] 283.9 2.63

X [N/mm?] 184.6 1.41

Y (N/mm’] 283.9 2.49

Y [N/mm?] 184.6 1.41
S[N/mm?] 15.0 0.71
S[N/mm’] 1.705 0.1197

Ply thickness[mm] 0.25 12.5
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Table 4 Structure design results

Thickness{mm)
Upper surface Lower surface
1 Skint.00t Spar6.75t Skin1.00t Spar6.75t
2 Skint.00t Spar2.25t Skin1.00t Spar2.25t
3 Skin{ 00t Spar2.7t Skini.00t Spar2.7t
4 Skin1.00t Spar3. 15t Skin1.00t Spar3.15t
5 Skin1.00t Spar3. 15t Skinl.00t Spar3.15t
6 Skinl.00t Spar3.15t Skin1.00t Spar3.15t
7 Skini.00t Spar3.15t Skin1.00t Spar3.15t
8 Skin1.00t Spar!.35t Skini.00t Spar}.35t
9 Skin1.00t Spar0.45t Skinl1.00t Spar0 45t
10 | Skinl.00t Spar0.23t Skinl.00t Spar0.23t
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Fig, 6 Stress analysis result of load case 2.
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Fig. 7 Displacement analysis result of load case 2.
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Fig. 12 Configuration of the bird.
10
T Table 6 Properties of the bird
Material properties (Bird)
0 o ‘ 1&) ' 2(l)0 ' 3})0 ‘ 4([)0 ' 5(!)0 Density(Kg/m3) 950
RPM B?lk modulus (Pa) 2.2E9
. ) Diameter (m) 0.106
Fig. 10 Campbell diagram for load case 2.
Length (m) 0.213
Initial velocity (m/s) 197
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Table 8 The result of hird strike

~— Ref{2}

————— Present Zétﬁ %% (SSm/S)
ol Aol g 113 MPa
2] #9 184 mm

Pressure (MPa)
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TUML

Fig. 13 Comparison between the reference result and the analysis result,

Table 7 Properties of the blade and the bird

Skin Bird
- 3 Fig. 14 Modeling for bird strike.
Density(Kg/m”) 1780 950
Bulk modulus (pa) 6.55¢9 ~ 11.14¢9 2.2¢9
Poisson’s ratio 031 ~ 0.46
Yield stress (Pa) 3.08e8

Thickness {m)

0.00235 ~ 0.0085

Diameter {m) 0.03
Length (m) 0.06
Mass (Kg) 0.079
Initial velocity (m/s) 55m/s
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e gEo] EARe o £ k. FuzAstoA AH Fig. 15 ALE coupling between Euler mesh and Lagrange mesh.
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Fig. 17 Bird deformation according to time.

MSC Patiars 200512 17-Nov-08 18.15.30
COMPOSITE Al Cyele 650, Titne: 0 00057108, EFFST At Outer
1. COMPUSIIE. AT:Cyelo 560. Trme 0.00057108. Disglacsment

Fig. 18 Stress result of the bird strike analysis.
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Fig. 19 Displacement result of the bird strike analysis.
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Fig. 20 Lay-up process on the mold.

dEE——

Fig. 21 First prototype blade.
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Fig. 22 Static strength test loads simulated by three-point loading method.
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Fig. 23 FEquipmentis for structure test.

Fig. 24 Static test of the prototype blade.
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Table 9 Comparison between the static analysis results and the test results

Item Analysis result Test result
Stress(0.3R from root} 29.1MPa 27 4AMPa
Tip displacement 166mm 152mm
Ist flap mode 22.034Hz 25.02Hz

Ist lcad-lag mode 44.818Hz 46.08Hz
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Table 10 The result of aerodynamic test
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Fig. 27 Equipment for the blade performance test a0
200
13
0 1 2 3 4 § [ 7 B g 10 11
Wind Speed [m/s]
Fig. 29 Comparison between aerodynamic test result and analysis result.
5.4 8
B o Fuf xgel AGstn 7oA 2801 THs
HEE Ago] AL S00WF Aag FEF Baol=el ¥
Flg. 28 Operating wind furbine system. 2 P2 AAS FHsT Aved An AAapad
HE) =& £3L 292 2 A N T [ X e
WA wEol W Aol ol Aol e my ) ST BAE WP UK W AAES GOAIH
i . w3, LR A Al figh FEM s4E E3 B0l
o] Qlth. WH7|oN &S FHsr] Yal 3ol GFeR L ol _
: o) Ew g WE HHAR s, Wyl
Hilsis ARV AFgeilon, AFE 7hHshe "EnH _
T e ' A3} 20de] nlEawe Pustgch 1T BFo| B of
g olgste o 29L& stk RPM &AL sl NI _ .
AE o4 e 4 Qi Bdolse] 2FFE B 23t o
ALe] ZEAMAQ} Labviews 283 TR WS AHESlch N s
. _ A i 160 BEEE obdd FREYS TR, $
Fig. 272 FEAE 429 AL FHZEEA ED7]9 Sol =
. < Hg Efols W o2 p2E AA Al d8sto FE o
A AgEeleE A4 ASE SRSt LS At A _ _
o HHE PRES AAY 4 Y 202 AR
oL AR 24 AX L FE L AU & ANTOR
i j ! NAEe 22H 7% 9 W2 So] Holud Glass/Epoxy
HUEY & 4 e AAER AU B A 2 2 o o0k .
w3 Eu AAHS Fig 2800 EALCT 2 Hgsto] pAFoR AARYL, KL P2 AF Hl
o R AR e 2 59 load case 29] HFEL DALY T2 34 Am} A
%]73—7 HpadlE A& AE;O—OI;@}- g]-‘_];c:l .E?ﬂ‘,
42 HEAE A3 _ Ang vlasiE At A | st
A olgst Belol= 4% AWAT YraldaTer & o
Fig. 29 Jsiadnel Ag4aE vug AezA & s 24 ol
N L . . ) kel sty 7)Aol A3t Belolmvt AAERES Felst
&o igh & Vehin dok 538 238 A 28 st
o] X Frljstd Zeoln AdEl UL a4w FNE
120 28} of7]o] TE 90%E Zg3tod AAE A7
Zelojth. 24 A ZAWHL dmsol A AR 6m/solA & 7)
Zeo] FASTS BAAG 1T Y FBe oA
A At AZAEE Sm/sBT ofue} ThE ELoME Bl B d7r AWt ASSdsNURD Al Astom
A & AL SAskt = od, AYd FA=EY



224 & 1 B 2000. 2 S0OW EEbAs] weky

2)

3)

4)

5)

6)

7

8) <

Dieter, G. E et al., “Assessment of Research Needs for
Wind Turbine Rotor Materials Technology,” National
Academy Press, pp. 5-65, 1991,

Gourijeres, D. L., “Wind Power Plants,” Pergamon Press,
1982.

R, gy Ardeh” 2AgEh S, 2004,
Spera D. A, “Dynamic Loads in Horizontal Axis Wind
Turbines Part II : Empirical Equations,” Windpower 93,
1993.

/H/g’ L UP@HA]

= i

H¥MSC/Dytran 48 ot A4
b oAb el A LR B 2005,

1}5; MO

JB7F 2209 7
A2 9] “ghEv]E Windshieldo] 2558 A w@oP
FIEhT e Seke) ], #2438, A|2E, 1996, pp. 95-105.

el Hu 2 F|‘>'



