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ABSTRACT

The purpose is to evaluate the structural characteristics of 750 mm diameter injection spiral blades under
various operating conditions. A fiber-glass reinforced polypropylene material was employed to the injection
blades, and mechanical tests on two kinds of glass-reinforced polypropylene were performed to evaluate the
mechanical properties and to select a suitable candidate material. Also, three kinds of spiral blade geometries
were studied to observe the influence of fixing rods between blades. For this, structural analyses were
conducted to understand the role of fixing rods under a range of rotating speed. In addition, modal analysis
was performed to confirm the resonance in the operating speed range. One-way fluid-structure interaction
(FSI) analysis was carried out to know its mechanical integrity under dangerous wind speed conditions.
Through this work, the structural characteristics of the proposed spiral blade geometries were studied under
various operating conditions, and the requirements of mechanical properties of blades were determined.

Key Words : Structural analysis(TZ54d), Spiral blade(-t4A1% =2|0|=), Injection material(AFE2AH), Wind
turbine(S2 X 7[), Rotational velocity(Z|™ &H&E)
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Fig. 1 Injection mold wused to fabricate test
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Fig. 2 (a) Dimensions and geometry of tensile
specimen (ASTM D638) and (b) bending
specimen (ASTM D790)

Table 1 Summary of tensile and bending test results

. Material types
Htems funit] PP1340 | P730G45
Tensile strength (MPa) 90.2 88.9
Yield strength (MPa) 77.9 73.0
Elongation (%) 1.15 0.96
Flexural strength (MPa) 114.9 103.4
Flexural modulus (GPa) 7.5 5.2
100
——PP1340
—— P730G45 3
80
S
£
8 a0
w
201
0.0 02 04 06 08 10 1.2

Strain (%)

Fig. 3 Stress-strain curve from a tensile test
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Fig. 4 Load-deflection curve from a bending test
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Fig. 6 Spiral blade FE model and boundary
conditions of D.O.F constraint and rotational
velocity

Table 2 Material properties of PP1340 and steel

Items [unit] Material
Steel PP1340
Young’s modulus (GPa) 200 7.5
Poisson ratio 0.3 0.3
Density (kg/m?®) 7850 1200
Yield stress (MPa) - 77.9
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Fig. 11 Sectional views of CFD grid model for a
spiral blade

Table 3 Boundary conditions of pressure, velocity

and slip

Item Conditions
Fluid Material Air at 25C
Reference Pressure 1 atm
Inlet side Normal Speed, 35 m/s
Outlet side 0 atm
Outside wall Free Slip Wall
Blade No Slip Wall

Imported Pressure
Unit: MPa

0.0049438 Max
00043947
00038456
00032966
00027475
00021984
00016494
00011003
000055122
215196 Min

Fig. 12 Mapped pressure distribution obtained from
the CFD analysis results

— 44 —



<, W AETIAVEE A A9, As

Von-Mises Stress
Unit: MPa

35.554 Max
31.603

27.653

23.703

19.752

15.802

11.851

7.9009

39504
2.102%-6 Min

(a) Model-1

Von-Mises Stress
Unit: MPa

14.976 Max
13.313

11.649

9.9856

8322

6.6585

49949

3.3314

1.6679
0.0043083 Min

(b) Model-2
Fig. 13 Stress distribution of spiral blade (at 35m/s)
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