N
n{o
°H

32 A5 A 2%, pp. 215~224, 1995.

FoldFH 2H EHo)=g] 72 54
A 8l A g AT

Study on the Analysis of Structural Dynamic Characteristics and Modal Test
of Unmanned Helicopter Rotor Blades
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ABSTRACT

In this paper, the three-dimensional finite element model is established to investigate the structural
dynamic characteristics of rotor blade using a finite element analysis. Six natural frequencies and
mode shapes are calculated by computer simulation. The first three flapping modal frequencies, the
first two lead-lag modal frequencies, and the first feathering modal frequency are validated through
comparison with the modal test results of the fixed rotor blade. The computer simulation results are
found in good agreement with experimentally measured natural frequencies. The important results sre
obtained as follows: (1) Natural frequencies are changed due to the variation of rotational speed and
fiber angle of rotor blade, (2) Weak coupling between flapping mode shape and lead-lag mode shape
are detected, (3) Centrifugal force has more effect on flapping modal frequency than lead-lag modal

frequency .
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Fig. 1 Rotor blade cross section, r/R is 0.3

Table 1 General characteristics of the rotor blade

R(Rotor radius) 2.4(m)
Max. blade chord 0.0132(m)
Min. blade chord 0.0076(m)
1009% rpm 600(rpm)
Airfoil section NACA23015
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Table 2 The mechanical properties and the physical dimensions of HFG #823/Epoxy(glass fiber fabric)

Label Definition Value(Unit)
E, Young’s modulus in fiber direction 28.8 X 10%(N/m?)
Ex Young's modulus in transverse dir- 33.7x10°%(N/m?)

ection
Gz Shear Modulus of elasticity 17.3x 10%N/m?)
] Poisson’s ratio 0.17
o Mass density 1970(kg/m?®)
t Ply thickness 1.0 x 107*(m)

Table 3 The mechanical properties and Physical dimensions of HFG CV125NS(fiber carbon UD)

Label Definition Value(Unit)
E. Young’s modulus in fiber direction 124.0 < 10%(N/m?)
E,, Young’s modulus in transverse dir- 8.3 x 10%(N/m?)

ection
G Shear modulus of elasticity 10.3 X 10%(N/m?)
v Poisson’s ratio 0.28
0 Mass density 1590(kg/m?)
t Ply thickness 2.0x107%(m)
1.3x107%m)

1
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Table 4 The Mechanical Properties of tail form(Rohacell 71WF)

Label definition Value(Unit)
E Young’s modulus 75.0 X 105N /m?)
G Shear modulus of elasticity 26.8 X 10N /m?
v Poisson’s ratio 0.4
o Mass density 75.0(kg/m?)

Table 5 The mechanical properties of beam(Wood)

Label Definition Value(Unit)

E Young’s modulus 11.0 x 10%N/m?)

o Mass density 640.0(kg/m?®)
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Fig. 6 st flapping mode shape of rotor blade calculated by using computer simulation(4 .8 Hz)

X

Fig. 7 2nd flapping mode shape of rotor blade calculated by using computer simulation(24.1 Hz)
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Fig. 9 Ist Lead-lag mode shape of rotor blade calculated by using computer simulation(12.1 Hz)
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Fig. 11 Ist Feathering mode shape of rotor blade calculated by using computer simulation(132,0 Hz)
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Fig. 12 Excitation point and Measuring points of the rotor blade for modal test
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Table 6 Natural frequencies of rotor blade by calcu-
lated by computer simulation and experiment
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Fig. 14 Effect of fiber angle change on the modal frequencies of rotor blade calculated by using computer simulation
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Fig. 15 Rotating model of rotor blade
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