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The Study of Advanced Propeller Blade for Next Generation
Turboprop Aircraft

Part II. Static Structural Design and Test
Won Choi*, Hyun-Bum Park** and Chang-Duk Kong***

Korea Aerospace Industries, LTD*, Division of Defence Science & Technology, Howon University*,
Department of Aerospace Engineering, Chosun University***

ABSTRACT

Modern advanced-turboprop propellers are required to have high structural strength to
cope with the thrust requirement 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. Desigh Point for Propeller

Parameters Values
Blade Airfoil HSH1
Consumed Power(HP) 2150
Diameter(ft) 13.38
Design Velocity(m/s) 142
Number of Blades 8
Propeller RPM 980

Fig. 1. Designed Propeller

A2 4 47 2 AL s Zeded
AgAE 9 ANe o1eE AARTY oY
79 MPAT AAES mdee HAA 2

Fd #F3S ¥ F e Xfoile 13HH o=

A4S ot AAxY ©BF ARs A
TS Agstdch Z2de AAE 98 -
A8 o8] 71%% Adkinse] WS o]&3}
Aot AAE z2dy BYol=s 2 €1 $F
Zto] Hg¥ Fgo] ollER AR 2 &

B Addde AAFAdeS o83 s 9
&) A& CFD #=¢] FLUENT 12.0.16< A}&-3}
dom MRF(Multiple Reference Frame)”|H-<
Agste] 9 545 siAsdt

700
600
500 -
400

300

Thrust(Ibf) per blade

200 —&—Beta43.51

-9--Beta48.34

100 —4—Beta53.18

Advance Ratio

Fig. 2. Thrust Per Blade
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Fig. 3. Structure Design and Analysis Procedure
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Carbon Fiber Spar

. Polyurethane Foam
Glass/Carbon Fiber

Reinforced Skin

Fig. 4. Section view of the blade structure
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Table 2. Material Properties

Material Properties Care Polyurethane
[epoxy foam
Longitudinal
Modulus(MPa) 140,000 6086
Transverse
1 .
Modulus(MPa) 0,000 5986
Shear Modulus(MPa) 5,000 19.12
Longitudinal Tensile
Strength(MPa) 1,50 263
Longitudinal
Compressive -1,200 1.41
Strength(MPa)
Transverse
Compressive -250 2.49
Strength(MPa)
In Plane Shear
Strength(MPa) 70 141
Poisson Ratio 0.3 0.2
Density(g/cm®) 15 0.03
Thickness(mm) 0.125 -

Station 5-2
Station 5-1

Station 4-2

Station 3-1
Station 2-2
Station 2-1

Trailing edge
Station 1

Fig. 5. Configuration of Spar

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

Station Spa flange
Station 1 [ (+45,04,90)10 Is

Station 2-1 [ (+45,04,90)6,%£45,03 Is

Station 2-2 [ (%45,04,90)4,%45 1s

Station 3-1 [ (+45,04,90)3,£45,0 Is

Station 3-2 [ (+45,04,9002,+45,0, Is

Station 4-1 [ (+45,04,90); Is

Station 4-2 [ £45,04,90 Is

Station 5-1 [ +45,,0,90,+45; Is

Station Skin

Station 175-1 [ +45,,0,90,+45; 1s

Station 5-2 [ £45,0 Is
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Fig. 6. Mesh for Fluid-Structure Analysis

Fig. 8. Spanwise Stress Distribution of
Skin(1st Ply)

(b) (©

Fig. 7. Translation of Aeroload for Structure
Analysis(Pressure Surface : (a)CFD,
(b)FEM, Suction Surface:(c)CFD,
(dFEM)
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Fig. 9. Spanwise Stress Distribution of
Spar(23th Ply)
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Fig. 11. Tsai-Wu Spar Safety Factor Analysis
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Fig. 12. Displacement Analysis
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Fig. 14. Manufactured Composite Blade
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Fig. 15. Static Strength Test Load

Table 4. Applied Test Load

Loading point A B C
Loads(kgf) 200 300 160

Fig. 16. Static Strength Test
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Table 5. Comparison of the Strain Analysis

and Test
ltem Analysis Test
Tip displacement(mm) 42 44
Upper and lower surface -56 -67
strain
at A point(uS) +221 +236
Upper and lower surface -109 -129
strain
at B point(uS) +191 +211
Upper and lower surface -273 -297
strain
at C point(uS) +560 +583
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Fig. 17. Natural Frequency Test

Table 6. Comparison of the Natural
Frequency Analysis and Test

Mode shape Analysis(Hz) | Test(Hz)
First flap mode 79 85
First lead-lag mode 126 135

Tz AAe 48 FAASE 157 4859
. 2AsEd dAE 158 nesel FaeE
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