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A Study on Fatigue Life Design for Horizontal Axis
Wind Turbine Composite Blade

CD.XKong” - JHBang" - J.C.Jeong" - M.H.Kang" - SH.Jeong™ - J.Y.Ryu™ - KB.Kim"™

ABSTRACT

Fatigue test is an essential procedure in the dynamic structure design. It is performed to
confirm that the structure should satify the required life. In this study, fatigue life for
750kW class horizontal axis wind turbine composite blade was investigated. Required fatigue
stress was calculated by Ian Bond’s empirical equation and S-N linear damage method.
Fatigue load for FEM analysis was calculated using load spectrum through experiments and
Spera’s method. Service fatigue stress was obtained by FEM with the calculated fatigue
load. From comparison of the fatigue stresses, fatigue life over 20 years was confirmed.
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Table 1. Test Fatigue Load Spectrum in Time order
Wind jCycles Load / Maxmax Load
Lﬁyer speed | per Ri
0. m/s) { layer | Max | Min | Cyclic | Average
Start 5.4 0{ 0400 0400/ 0.000| -0.400{ 1.00
1 " 908 0433| 00611 0.186| 0247 0.14
2 ' 333| 0496| -0.002| 0249 0247 -0.00
3 605, 03831 0.111) 0.136] 0247) 029
4 1,058 0463 0030 0217] 0247 0.06
5 91 05251 -0.030| 0278 0.248[ -0.06
6 8 30; 0550 -0.055] 0.303| 0.248! -0.10
7 9.4 613| 0.880! 0446 0.217| 0633] 0.51
8 " 56| 0923| 0405 0259 0644; 044
9 1951) 0855/ 0473 0.191] 0.644] 0.55
10 1,115 0.787| 0.540{ 0.124| 0644 069
11 1,673| 0828/ 0.498] 0.165/ 0.633| 0.60
12 " 1671 0.903] 0423/ 0240; 0633} 047
13 156 2371 0645 0.92| 0227| 0419] 030
14 ’ 415{ 0.798| 0038 0.380| 0.418] 005
15 ’ 356/ 0740/ 0098/ 0.321: 0419/ 013
16 36] 0918| -0.080| 0.499| 0419 -0.09
17 12| 0968| -0.130} 0549 0419 -0.13
18 " 130 0.863/ 0025 0.444) 0419} -0.03
19 18.3 3| 0.838| -0471| 0655 0.184] -0.56
20 " 37\ 0.710] -0.343| 0527 0.184| -0.48
21 ' 67 0447| -0.080! 0264/ 0.184] -0.18
22 18| 0632 0265 0.449; 0.184] 042
23 1011 0.561. -0.195! 0378 0.183{ -0.35
24 " 10] 0.778; -0411| 0595 0.184] -0.53
25 130 | 1,305| 0890 0520 0.185] 0.705] 0.58
26 . 130) 0976 0433 0.272| 0.705| 044
27 870) 0841 0568 0.1371 07050 068
28 1,522| 0918f 0491| 0214 0705 054
29 441 10001 0410 0.295| 0705 0.41
0 ! 478) 0950 0460| 0245 0705 048
31 72 927 05271 0.206| 0.161| 0.367] 0.39
32 ’ 139] 0.702{ 0031} 0336 0367; 004
33 1,622| 0626/ 0.108] 0259 0367 0.17
K] 1,390| 0588| 0.145| 0.222¢ 03671 025
35 45| 0.732] 0.002| 0365/ 0367| 0.10
36 " 510( 0666{ 0068 0299] 0367{ 0.10
Stop 54 0] -0.400{ -0.400] 0.000] -0.400{ 1.00
Spectrum| 96 |19,106] 0.724] 0299] 0.212] 0511 037
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Table 2. Fatigue Load Spectrum Ordered
According to Cyclic Load

Cyclic Load/

Median Cycles | Cumuiative | Probability off ¢ o

Cychcx Load |per Layer| ~Cycles Exce)?dmg yole
3.46 1 1 0.0001 it
3.08 3 4 0.0002 H
2.08 10 14 0.0007 It
2.58 12 26 0.0014 Il
2.48 37 63 0.0033 Il
2.35 36 99 0.0052 I
2.11 118 217 0.0113 If
2.09 130 347 00182 I
1.79 415 762 0.0399 |
1.78 101 863 0.0452 |
1.72 45 909 0.0476 {
1.58 139 1,048 0.0549 |
1.51 356 1,404 0.0735 |
1.42 30 1,434 0.0751 |
1.41 510 1,944 0.1018 |
1.39 44 1,988 0.1041 |
1.31 91 2,079 0.1088 |
1.28 130 2209 0.1157 !
1.24 67 2,276 0.1192 |
1.22 1,622 3,898 0.2041 |
1.22 55 3,953 0.2070 |
117 33 4,286 0.2244 i
1.15 478 4,764 0.2494 I
1.13 167 4,931 0.2582 |
1.07 237 5,168 0.2706 |
1.04 1,390 6,598 0.3434 l
102 613 7171 0.3755 I
1.02 1,059 8,230 .4309 |
1.00 1,522 9,752 0.5105 i
0.90 1,951 11,703 0.6126 |
0.88 408 12,611 0.6601 |
0.87 1,305 13,916 0.7284 |
0.78 1673 15,589 0.8160 |
0.76 927 16516 0.8645 [
0.64 870 17,386 0.9100 |
0.64 605 17,991 0.9416 J
0.58 1,115 19,106 1.0000 [
10
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Fig. 1. Log-Normal Probability Distribution of
Wind Turbine Cyclic Load Data

Table 19} 35 2HEHAAN HF FHE(R)E
0.370]9 ¥23}F& R} R4} osjM T-T, T-C,

C-T, C-C5LE v Utk o7l R'= 7]
3129 Sequential modeE ATV ALSR
Jole] Fhroln dEo] Adlel Rzte) ¥e, a8|ln
R Fode e 2ok

) T-T 0<R<1 & 4<R'<5
2) T-C -1<R<0 & 3<R"<4
3) C-T ~© <R<-1 & 2<R"<3
4) C-C 1 <R< o0 & 1<R"<2

D), 2)9] Al R"E 4+Rol3 3), 49 A%
R"E 2-1/RZ Atsln B @AolA Algsleld R
gol 0370|122 19 ZAfel #fP=e] R’ 437
o] "k oM 1Y RS 7T (D)A9) b
& e 7ok (DAY X" K, L, M, N, P,
Q T, U V, W 52 A& A ot el
E Aol A18E A8Y EAX= Table 33 2o
B o] o838l F3t b, ci U Zrh

K=4.89, L=-68.89, M=364.61, N=-85853,
P=730.0, Q=-21.95, T=322.46, U=1768.90,
V=4312.80, W=-3698.80
b= -24.6219, C=273.0497

Table 3. Test Specimen Details

Material E-glass/vinylester
[0°/90°/CSM 15
Lay-up Stitch Bonded Rovimat
800/100
Wt. % Fibres 53
Specimen Geometry Straight
LXWXT [mml] 270X 25%5
. Jotun Polymer
Resin NP92-20
Tensile modulus
[Gpal 16.8
Tensile strength
[Mpal 227
Compr. strength B
[Mpal 288
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Fig. 2. S-N Curve of E-glass/vinylester

Fig. 3. Fatigue Test Equipment
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s’ max = Smax XN ;0.074>< (1/108)~0.074 (2)
— S[ X Nf —0.074
o714, S;: Emprical stress coefficient

= S X (1/10%) 07

FH, E 19 A FU¢ FAHE 2HEHE 20
doz #4% saneldd tedt 21,
Ny = 20 year X 8173(;::

= 3.72 x 108cycle

19, 106 cycle
9 hr

X

S-N 4% &4 el o8 Hf a7 sHE
AEE FoC HE e 2o

4

n : Total layer number(from Table 1)
n; : Number of cycle for each layer

azjoA Adtg Ho g7¥E EAEE 4y
A A1 ANFRARE o83t At golmz A
o] A FE37)19EA= 1.0018F] Knock
Down Factor(KDF)E #&3lo} 39, £ 7
Ae 0.7€ &89k Table 4= 8792 387
=& AL Fajolth

Table 4. The Result of Fatigue Stress Calculation

Nf SI Smaxmax Smaxmax X (KDF)
[cycle] (Mpal | [Mpal [Mpa]
3.72x10° | 2977 82.9 58.0

3. F7| 3= (Cyclic Load)

FEdA Az"g gl Hzae IS
F= F7)E5e A AYd #28 dF(Flatwise
load)3} A19¥3ke] #HF(Chordwise Load)22 -—IL
e ok Al AAeIA Fxdfel o
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Table 5. Engineering Data for Cyclic Load
Calculation

Symbol
83 | Teeter axis angle = 90°(Rigid hub )
C: | Tip chord =0492 m
Z | Site elevation above S/L = 15m

H Hub center height = 50m
N Rotor speed = 27 rpm

Meaning & Value

Chordwise natural frequency

“c | = 1806 cpm(= 301 Ho)

2 Surface roughness length

® | = 0.02 (Short grass, Rural area)
. Surface roughness exponent

= ( 2,/10)% = 0.289

‘Wind-shear power-law exponent
=0.174

U, | 50th percentile wind speed = 7m/s
Uy | 84th percentile wind speed = 9.52m/s
U, | 98th percentile wind speed =13.02m/s
D

M,

17

Rotor diameter = 50.5m

Blade gravity moment = 213.5 KN-m

Hub coning angle = 0°

Blade station at which loads are
measured = 0.05 (5% span)

AL Tejs BW Aglel FAR el Fa 5
Foz A§ A, Iz YReIM 4% v

Aol F27 s5 AlEy dFe 25 18
3Rk SperaZt AAIS AN FIEEE Al
Adhe Ag4e oL 2, 42 7 ASE
AR50

A3 Ao dAREE Table 50 FoiA
9)\5}.3)'5)'6)

oM, = aM,sin6+432(1+1.47q)
X cd(g +0.0125) 5

x U,(1—s)exp ‘“¥7(D/100)*

BMz,nz eMg+46.8 Cd(g+0.1b) (6)
x U,(1—s)exp ©F"(D/100)°

714,
8M,: Blade cyclic flatwise bending moment

M, Blade cyclic chordwise bending moment

n : Number of standard deviations, & (from Fig. 1)
0 ; for the 50th percentile load

1 ; for the 84th percentile load

2 ; for the 98th percentile load

: Hub-rigidity factor =0.5(1—cos 283)

it

il

. Tower-blockage factor

: Air-density factor = 1-0.09[(Z+H)/1000]

: Chordwise dynamic-amplification factor
= 1/[1-(N/ 0.)°]

f : Flatwise dynamic-amplification factor

g : Wind-variability factor = ¢D/H

U, : Wind speed at hub elevation

0 A > 8

3 2dEde] HyF SEMI(R)E 037 oz
2 (& o183l B 35S vk, o7ld 7]
22 tald Hy 32e 7agd” Table 6& n
=0, 1, 201 thsl ARE ASe) FHPPt A9
P F7) 953 A 352 ver gt
7o = QSR g 5 (R=0.37)
Lo =Lf0.46 ™

Lmax = Laue+Lcyc

Table 6. Result of Fatigue Load Calculation [KN-m]

no | Myoe | Mym | Mene | Mo
0 42 1333 | 2238 | 7102
1 653 | 2073 228 | 7237
2 | 1021 | 3241 | 2357 | 7481
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Fig. 4. The result of Stress Analysis for Fatigue
Load

o AY AA ANE 53 Sk sAE QAsh 3
Ao H/AIZ s Speradl AgAoz A
e Table 69 AU #Z 33 H83 o,
FEslAdo] % IFRE FHUE olgdld IAG
7he] Zo] wgko g BXA|A L3

3D-Shell84S AM8-81951, E-glass/polyester
AALE sEEReH F 924708 849 840704
Ayos 74 g

TN A7 Ho 458 Al Qe EHe
2tz} 45.78Mpa® 62.76Mpa2X, A4 4
23¥ 58.0MpaXr} WA JEikth waka dAE
RGN EFBR 206(98% Percentile)ol] thgk
87 249 2088 U3 AAYES BRI
t}. Fig. 4% =235 digt $gsi4AnE 1Bl
Rolc}.

58 B

B d7s %H R 24EYY A= 35

2 g 2T sk A48 o183 FEdd
£ A B91 249 A4 e s
S-NAg &4 W5 Jan Bondd H27= A9
Ao 2 E] AN 5§ HEREE JF3AL,
A A FZAE lan Bond7F AAIgE AP o3k
S-NAz=e} vlmdt dx fARKRE ZA9E Ak &
Algt FEENY 248F AHEDD O Y
A M2rle] Agolelol| 7|23t Sperad] HR3F

ARdezRE Ho NziEs dEsd 43
AN susldn SHas e i 9 ¥z
§%19] Tan Bondsl ABAeR 43T Ay e
sERc Be well 3eg skise, 44"
BN a7edel SRS YA

£ A7 ANG WS AHST A5 HE I
2REE d5e7] A8 AW APALS BEALY
& gon, HEAYS FUA dole TzaEL
dad 4 goms A7) ves A 2Y £ 3
o H2AE dEd oIN By A duAs
£ Q9 T el Ades A% N¥e
ASE dgols, s 2slede) Fud Aad
o Z7)sh By B UNLE A9 AYY Sz
1 5ol APAY BAo| gove HzaEd g
AE e Slsh AAES] U siE 2dEd
233 H2APo] szl o] oldl dsirie
% 9ug dFol),

t;

= |

1. Rayner M. Mayer, “Design of Composite
Structures Against Fatigue-Applications to
Wind Turbine Blades”, Antony Rowe Ltd,
Chippenham, Wiltshire, 1996

2. Ian P. Bond, “Fatigue Life Prediction for
GRP Subjected to Variable Amplitude
Loading”

3. David A. Spera, “Dynamic Loads in
Horizontal-Axis Wind Turbines Part II:
Empirical Equations”, Windpower 93, 1993

4. David A. Spera, “Wind Turbine Techno~
logy”, ASME Press, 1994

5 334 ¢ 69, "EAE o8 FHE FHH
W sFgle 39 g FRAAC #% a9,
=238, AlA 23, pp.l12~21, 1997

6. “ol8F T AN2dE FEF EYF FY
Hul @il 39 2 7R4A A3 A+ 3
AEE FURTA" ()7 solul, 1999

7. EMRC, “NISA II User's Manual”, Version
5.2, 1992



