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Investigation on Structural Design and Impact Damage
for a Small Wind Turbine Blade

Changduk Kong* - Suhyun Choi* - Hyunbum Park*

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 low noise 100W
class small wind turbine system which will be applicable to relatively low speed region like
Korea and for the domestic wuse. Structural analysis including load cases, stress,
deformation, buckling, vibration and fatigue life was performed using the Finite Element
Method, the load spectrum analysis and the Miner rule. In order to evaluate the designed
structure, the structural test was carried out and its test results were compared with the
estimated results. In addition, the blade should be safe from the impact damage due to
FOD(Foreign Object Damage) including the bird strike.In order to analize the bird strike
penomena on the blade, MSC.Dytran was wused, and the applied method Arbitrary
Lagrangian-Eulerian was evalud by comparison with the previous study results.

Key Words: Wind Turbine Blade, Arbitrary Lagrangian—Eulerian, Impact Analysis
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Case 3
55.0m/s
storm
stop

Case 2
with
gust

800rpm

12.8m/s | 30.0m/s
gust

Case 1
without

Table 2. Load cases for structural design

wind speed

Load case
Reference
Gust condition
(+20m/s, £20 )

Rotational speed| 500rpm

i

7

vk
=4

100W

425m

25mm
11.925deg

80mm
NACA 63-415

Flux Permanent Magnet)
Aerodynamic design results of small

wind turbine blade

ST
Rated power

Rotor radius
Blade root chord
Blade tip chord
Blade total twist
Airfoil

S

Al

AFPM(Axial
Table 1.
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Fig. 1 Moment diagram for Load Case 2

4. 7= &4

!
BN
il

A Azl e Fx A
A R RS EEE
% o

do ol
ro N
- -

il

o b %

38 o

K
l
re
=
)
&
-
=
2
=
~
=
=
%
p—]
=
=
o
>
2
ofo
o

!
kA HEE g I 7T 2 2 Tsai-Wu
E[51& H&35ig. 44
&3to] HALsEglon, AA

ol
ol
N

oo Y ©f
)

O
o,
I rlo rlo
A
=

o
32
k]

N O 4y &

£

Ac)
LU
2

F

oxl

oY,

x

BN

Ay
U

- 9,
T
e
oft
o

=

-

iih)

i=)

_|\I
ol
ol

o ot
it
)
32 ofy

o i o

rO

ol

T

Wl

=

o

1

o

A oo b O

= Mo
2w "
ol

55 o

o oz_ﬂuj;mﬂ

oo & oo [o
Mr & o oo gl RO ob mo Mz

i
r O
o,
ox
o
o
M
ﬂ
i)
T
rot
X 4]

1% 9 oo
ol
ol
b3t
)
=
0Q
I
=2
rx
of
ol
2
o,

b
©
[
10
N
N
Y
|
T
-
=3
fetl
%
)
©
_0|L
2
N

]

Fu
s P
ol
fo
-
PN
)
o
=
rL
=
o
X
S
(@p]
<
(@]
3
P
o
o

Fig. 2 Stress analysis result of load case 2
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Fig. 3 Displacement analysis result of load

case 2

Table 3. Structural analysis results

Case 2
Max. stress Ten. 11.4
[Mpal Com. 14.9
Max. Disp. [mm] 19
t 1 f H
na uTa requency(Hz) 11.95
(First flap mode)
Buckling load factor
. . 10.63
(First buckling mode)
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Table 4. Mechanical properties of materials used
in the present blade design

Glass/Epoxy | Polyurethane
Fabric Foam
E11 [N/mm”] 10500 60.86
Eoo[N/mm’ ] 10500 59.86
Grz[N/mm’] 1450 19.18
v 0.27 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
SIN/mmz] 15.0 0.71
SIN/mmz] 1.705 0.1197
thickness[mm] 0.25 12.5

Table 5. Comparison between the static analysis
results and the test results

Analysis Test
Item
result result
Stress 13.1 MPa 14.5 MPa
Tip displacement 19mm 17mm

Fig. 4 First prototype blade

Fig. 5 Static structural test view
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Blade Impactor
Density (kg/m”) 2810 950
Bulk Modulus (Pa) 7.03e10 2.2e9
Poison Ratio 0.33
Yield stress (Pa) 5.03e8
Thickness (m) 0.00175
Diameter (m) 0.03
Length (m) 0.06
Mass (kg) 0.079
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Thickness 1.75t
Stress(GPa) 0.151

Disp(m) 0.00517
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