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ABSTRACT

The recent high speed propeller with blade sweep is required to have high strength to get the thrust to fly at high speed.

The high stiffness and strength carbon/epoxy composite material is used for the major structure and skin-spar-foam sandwich

structural type is adopted for advantage in terms of the blade weight. As a design procedure for the present study, the structural

design load is estimated through investigation on aerodynamic load and then flanges of spars from major bending loads and

the skin from shear loads are sized using the netting rule and Rule of Mixture. In order to investigate the structural safety and

stability, stress analysis is performed by finite element analysis code MSC. NASTRAN. It is found that current methodology

of composite structure design is a valid method through the static structural test of prototype blade.
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Table 1 Design Point for Propeller

Parameters Values
Blade Airfoil HS1
Consumed Power(HP) 2150
Diameter(ft) 13.38
Design Velocity(m/s) 142
Number of Blades 8
Propeller RPM 930
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Fig. 2 Coefficient of Thrust vs. Advance Ratio
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Investigation of design requirements
-Aerodynamic configuration design results
-Aerodynamic loads
-Structural design requirements

!

Structural design Material mechanical
load estimation properties

| Structural design using netting rule
%

| Structural design using rule of mixture

i Design

Evaluation of structural safety, stability and weight modification
by finite element method A

!

| Check target weight = Design weight

!

| Finalize design

Fig. 3 Structure Design and Analysis Procedure
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Table 2 Material Properties

Table 3 Thickness Distribution of Spar and
Skin along Blade Radius Station

Material Properties Carbon/epoxy [Polyurethane foam
Longitudinal Modulus(MPa) 140,000 60.86
Transverse Modulus(MPa) 10,000 59.86

Shear Modulus(MPa) 5,000 19.12

Longitudinal Tensile

Strength(MPa) 1,500 263
Longitudinal Compressive B

Strength(MPa) 1,200 L4l
Transverse Compressive o

Strength(MPa) 20 249

In Plane Shear Strength(MPa) 70 141
Poisson Ratio 0.3 0.2
Thickness(mm) 0.125 -
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Fig. 5 Configuration of Spar

Station Spa flange
Station 1 [ (24504,90)10 1s
Station 2-1 [ (¢45,04,90)6,+45,03 1s
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Station 4-1 [ (2450490)2 Is
Station 4-2 [ 450490 Is
Station 5-1 [ +452,0,90,4+452 Is

Station Skin
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Station 5-2 [ £4520 Is
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Fig. 7 Translation of Aeroload for Structure Analysis(Pressure
Surface : (@)CFD, (b)FEM, Suction Surface:(c)CFD, (d)FEM)
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Fig. 11 Tsai-Wu Spar Safety Factor Analysis
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Table 4 Applied Test Load

Loading point A B C
Loads(kgf) 200 300 160
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Tip displacement(mm) 42 44 Table 6 Comparison of the Natural Frequency Analysis and Test
Upper and lower surface strain -56 -67 -
at A point(uS) ol % Mode shape Analysis(Hz) Test(Hz)
: 109 129 First flap mode 9 85
Ubper and lower. surface strain First lead-lag mode 126 135
at B point(uS) +191 +211
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at C point(uS) +560 +533
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