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Analysis of Wind-Turbine Blade Behavior Under Static Dual-Axis Loads
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Abstract: For the assessment of the performance of a wind-turbine blade, a simulated loading test may be required. In
this study, the blade behavior was investigated through numerical analysis using a dual-axis loading test, closely
simulating the real operation conditions. The blade structure for the 100-kW-class wind-turbine system was modeled
using the finite element (FE) program ANSYS. The failure criteria and buckling analysis under dual-axis loading were
examined. The failure analysis, including fiber failure and inter-fiber failure, was performed with Puck's failure criterion.
As the dual-axis load ratio increases, the relatively increased stress occurs at the trailing edge and skin surface 3300-
3600 mm away from the root. Furthermore, it is revealed that increasing the dual-axis load ratio makes the location
that is weakest against buckling move toward the root part. Thus, it is seen that the dual-axis load test may be an
essential requirement for the verification of blade performance.
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Table 1 Mechanical properties of the blade materials
used in modelling the blade (MPa)

Mat P1 P2 P3 P4

El* 27,021 39,849 3,570 12,860
E, 5,980 15,940 4,005 12,860
125 0.533 0.254 0.3 0.567
G, | 9339 | 4600 250 13,868
etc. Ey= By, G3= Gy, Goz= Gy,/1.5

5

1, 2, 3-axis is the material coordinate system
with the l-axis(strong axis) oriented along the
fiber direction

Fig. 1 The section of 100kW blade
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Table 2 Failure condition and parameters defined by Puck's failure model

Type of Failure mode Failure condition Condition for validity
failure
. 1 v
Fiber Tensile — e+ ﬁmgfag) =1 ()= 0
. €17 Efl
failure c -
ompression 1 Vrio 2
(FF) —— e, + 1— (10 )0
(kinking) o\ T, s (107,) ()
Mode A 2 2
ode A RELT S PR ) I B 7y= 0
(0;,=0") Sy sy )\ Yy Sy o1
q 0, <0 and
Inter-fiber Mode B 1 2 (— 01 4
. — Wit lpo +p oy)=1—|— R
fracture (9fp =0") 521( 2 ( L” 2) L” 2) 01D 0< —z < L
21 |To1d]
(IFF)
Mode C ) 0y <0 and
T { 721 ) 0 Yo — 1 01 - B
_ wAtl | (7) 7 _ - < i < 21c
cosdy, Coy) 2(1+le)521 ol | (=o3) oipl| 0= o |Z BT
dr.
p(fu)— - 21) of (0y, T5;) curve, oy =0
dO.Q 0,=0
Definitions* d
_ To1
g H): o, )J . of (0y, Ty) curve, oy, <0
4 Yo 5y - Yo
Ry, = = =) 1+2p¢|\5——1
Parameter 2(1 +py L) 2p | 21
relationships O O Rfl (
Pri= Dy S, To1c= So1 1+ 21&_1
*Subscripts |, | mean transverse and longitudinal directions respectively.
Table 3 The definition of dual-axis load case EbH Aol™, Fig. 4(a)91r b= AT FERs
Fiber Failure, FF 1-f-3F TR S (Inter fib
Load case Py, Py, Remarks (Fiber Failure, )ﬂ' o T 3} (Inter fiber
Failure, IFF)E ¥z} epd Tt
LC1 P, - Flapwise load
s A (|
LC2 P, %PZ- Dual-axis load 3. 88 o & 2
LC3 P; P, Dual-axis load 2 A M= o] FetFe HEte| wE Ed o]
= AA Hso 9 Hrtelr] s Fi o]
LC4 iPi P, Dual-axis load 84 A5l 99 ° ]:o]— ] _'40}_0% ng 3
5 A HolE kel Fol 33 kgl o3 Edol=
LC5 - P, Edgewise load 3t EHEE 7|Fo R sl oF 3FS A
"NOTE : i=1,2,3 which refer to Fig.3 SFSI T}
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Table 4 Distribution of failure index over the blade at the respective load cases according to Puck's
failure criteria

Load . . . . . . .
case Inter fiber failure criterion (2-axis) Fiber failure criterion (1-axis)
A = -

0000 0053 0105 0158 0211 0263 0316 0369 0421 0474 0527 | 0000 0010 0020 0031 0041 0051 0061 0072 0082 0092 0102
B e B B e T

0000 0087 0174 0260 0347 0434 0521 0607 0694 0781 0868 0000 0011 0023 0034 0045 0057 0068 0080 0091 0102 0.114
e N S

0000 0110 0219 0329 0438 0548 0658 0767 0877 0986 1096 0000 0015 0030 0045 005 0074 0089 0104 0119 0134 0.148
L B B B R B B N e e S S S —

0.000 0089 0177 0266 0355 0443 0532 0621 0709 0798 0.886| 0000 0014 0028 0042 0056 0070 0.084 0098 0112 0126 0.140

0000 0072 0144 0216 0288 0360 0432 0504 0576 0648 0720| 0000 0014 0027 0041 0054 0068 0081 0095 0109 0122 0.136
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Table 5 Location where the maximum stress explosure was obtained according to the inter fiber failure

criteria at the various load cases

-X face :Upper skin +X face: Lower skin Shear web
Load case Y-Coord. Z-Coord. Y-Coord. Y-Coord. Z-Coord.
Z-Coord. (mm)
(mm) (mm) (mm) (mm) (mm)
LC1 160.45 955.58 167.47 697.57 166.44 744.81
LC2 160.45 955.58 -2.48 943.8 146.93 793.26
LC3 160.45 955.58 250.65 793.96 129.42 842.48
LC4 160.45 955.58 208.72 794.34 129.42 842.48
LC5 160.62 1003.5 208.72 794.34 104.34 943.8

Table 6 Location where the maximum stress explosure was obtained according to the fiber failure criteria
at the various load cases

-X face :Upper skin +X face : Lower skin Shear web
Load case Y-Coord. Z-Coord. Y-Coord. Y-Coord. Z-Coord.
Z-Coord. (mm)
(mm) (mm) (mm) (mm) (mm)
LC1 -2.56 996.04 142.71 3350 104.34 943.8
LC2 141.65 3350 -2.56 995.62 97.82 995.62
LC3 141.65 3350 328.97 574.5 97.82 995.62
LC4 276.01 3350 328.97 574.5 -94.52 996.04
LC5 276.01 3350 328.97 574.5 -100.02 944.32
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7 Buckling shape by the variation of dual-axis
load (Buckling coefficient)
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