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Design and stress analysis of composite helical rotor and wind power tree
Min-Su Ha' - Kyoung-Tae Han? - Kyoung-Ho Choi® - Young-Chul Park’

a0k B R 497 FHHUS o83 FAHW YT T2 g4e AEs=d B0 9
o BYARE Heste] Ad 2E Beomg Adsgon], fias AHS Beel AL
ARSI, £3 419 Bl 2HE AAHD Je FAHU GFol getel ¢, 289 4
93 AFE 2@ FERANS Fastel A4 BP4S AE s

FAo: FHHN U, 545 FAE, 3945, P4, 492 T

Abstract: The objective of this paper is to analyze the structure of the wind power tree using a helical
type wind turbine. The blades of a helical rotor is designed with a composite material. The structural
analyses of a helical rotor have been implemented by finite element method. The structural analyses of
the wind power tree which support four helical rotor, have been performed under a wind load, a rota-
tional velocity of a rotor, and dead weight.

Keywords: Wind power tree, Vertical wind turbine, Composite material, Structural analysis, Helical wind

turbine
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Figure 1: Wind power tree
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Figure 2: 3D model of helical rotor
A =28 TEF T FAF, B aga 2E
218 5540002 AAIBHATE. $54000 s 71 A1 A A
42 Table 1o YERNATE.

Table 1: Material property for SS400

. E p ,
Material v
[MPa] [ka/m3] | [MPa]
SS400 202,000 | 0.26 | 7,850 200
Al 2 Befol=i o2 Hojglel A%

Lol 0}71 Hokﬁ TS SRR At
¥ A130% DB120°|t}. T A=
) cﬂf‘s_} )\Obq]tﬂ— AR A wekd B A, =9}

¥ a2E]la AYEA S-S Table 291 ‘%E}Lﬂﬁi‘:}.
Beol= AZ2 Heol= UlF-9] $1-& #ste] A
ST A% AEE Aol Edel=9t - 8t
Gofell 3t A5 ~AES Table 3o YeERASIL. &
glo|=x o] Wake] ¥alrh 7] whitel] WA 7
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Table 2: Material property for blade

Item A130 DB120
E,,. [MPa] 31700 23200
E, [MPq] 7580 6550
E.. [MPa] 7580 6500
Viy 0.32 0.39
v,, 0.32 0.32
Yy 0.32 0.35
G’Zy [MPa] 3450 4140
G,, [MPa] 3100 3720
G,. [MPa] 3100 3720
Thickness [mm] 0.571 0.203
Tensile X [MPa] 868 610 : \
Tensile Y [MPa] 33.8 24.9 Figure 3: Finite Element model of a helical rotor
Tensile Z [MPa] 33.8 24.9
Compressive-X [MPa] -334 -551 Table 4: Mesh information for helical rotor
Compressive-Y [MPa] -93.3 -90.8 ltem Description
Compressive-Z [MPa] -93.3 -90.8 No. of nodes 137,407
Shear XY [MPa] 87.1 84.9 No. of elements 120,503
Shear XY [MPa] 87.1 84.9
Shear XY [MPa] 87.1 84.9

3.3 BAzH

Table 3: Lay-up schedule

o =AEAT. F] W WA, F U
Component Lay-up schedule Thickness (AA) 7183 3 A o] wA wek(=a) oz
Blade [£45/06/+45/06/+45]s | 8.07 mm 3190}
Cover [£45/02/+45]s 1.95 mm
3.2 #otea ZH
de)7 2H fFEer m9e Y= ek 4 @
425 ol &3l AAEITh B Radial direction
5= © 90AA LW &
3 AE, B agla ~EZL 2084 SHA &Y W Vertical direction
= 24 olgdte] fatad ds sl &
M Radial direction
e 9aE g eR 349 AFEE /AR 9
o}, Egolu: Baxg HAES F8317] 9ste] 84 Figure 4: Boundary condition of a helical rotor for
4 A% 4 82(layered shell element)E o]-g-sf  structural analysis
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Table 5: Analysis condition for a helical rotor

Condition
Case Rotationa Wind Azimuth
. Dead
No. | velocity load angle .
weight
[rpm] [m/s] [degree]
Case 1 130 10 0 gravity
Case 2 130 10 30 gravity
Case 3 130 10 60 gravity
Case 4 143 1 0 gravity
Case 5 - 55 0 gravity
Prassure
Surtace Urowp 1

1534.550
1218292
807 035
sasTIT

266510
IPaj

(a) Result of CFD

(b) Mapping result
Figure 5: Interpolation result of the surface pres-
sure under 11m/s wind velocity
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Table 6: Result summary for a helical rotor

Total Equivalent

. Safety

Case No. deformation stress
factor

[mm] [MPa]
Case 1 1.99 7.7 2.57
Case 2 1.97 77.6 2.58
Case 3 2.00 77.0 2.6
Case 4 3.24 107.5 1.86
Case 5 2.13 149.8 1.34

A€ Q
INNISYS

0]

A ¥,

B: Static Structural
Total Deformation 2
Type: Total Deforrmation
Unit: rarm
Time: 1

2.2411 Max
2881

2.5208

2.1608

1.8007

14405

1.0804
072031
0.3002
8.1003e-5 Min

Figure 6: Total deformation under case 4

149.79 Ma
13314
116.5
99.859
§83.217
66.574
49.932
33.289
16647
0.0040021

Figure 7: Equivalent stress under case 5
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Figure 8: Puck's Inter Fiber Failure(IFF) model.

Table 7: Fiber failure and inter fiber failure results.

Case No. FF IFF Criteria

Case 1 0.0533 0.318 1

Case 2 0.0532 0.317 1

Case 3 0.0528 0.315 1

Case 4 0.072 0.436 1

Case 5 0.285 0.177 1
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Figure 9: 3D model of the wind power tree
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Figure 10: Finite Element model of the wind power
tree

Table 8: Mesh information for the wind power
tree

Item Description
No. of nodes 114,546
No. of elements 55,121
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Figure 11: Boundary condition of the wind power
tree for structural analysis
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Figure 12: Interpolation result of surface pressure
under 55m/s wind velocity
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Table 9: Wind load on branch of wind power tree

Item X Axis | Y Axis | Z Axis Total
Force[N] | -556.64 | 262.73 | -1358.3 | 1491.26
4.4 FESA A3}
FEEY o] W9 A3E Figure 139 =438}
Adrk. Adi W 28.35 [mm]7h BAEG oM, F
stz ofste] @ dxo] LAEIGIT.

2B357Max A5026 Max
25202 30427
22852 15818
isgne 012134
1575 -132%1
12601 -27005
94508 -4 2599
63005 -SFIE3
31582 -1.1867

O Min -BB6311 Min

(a) total (b) vertical direction

Figure 13: Deformation of the wind power tree
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B: FSI

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1

11235 Max
99 863

8738

74898

62415

49932

37443

24 966

12483
2.5775e-5 Min

Figure 14: Equivalent stress of the wind power tree
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