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Hub Parametric Investigation of Main Rotor Stability of Bearingless Helicopter
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ABSTRACT

This paper describes a stability and dynamic characteristics of bearingless helicopter main rotor in
hover. Baseline rotor configuration is defined and modal analysis for the configuration is taken to
verify the dynamic characteristics. The kinematic pitch-lag couplings through ways of pitch link in-
stallation are analyzed to know effects on loads, frequencies and stability. The effects of pitch link
attachments in spanwise direction and chordwise direction as well as pitch link inclination on thrust,
power, flpa-lag-pitch mode frequencies and inplane damping are examined. Pitch link at trailing edge
location in chordwise direction has influence on aeroelastic stability of the rotor. Also, the pitch link

with negative inclination angle makes inplane damping increase.
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Fig. 1 Bearingless main rotor

Table 1 Rotor geometric properties

Property Value
Hub type Bearingless
Number of blades 4
Radius, m 5.74
Blade chord, m 0.36
Solidity 0.08
Rotor speed, RPM 349
Blade airfoil section profile NACA 23012
Linear blade twist, deg -8.0
Flexbeam length, m 1.16

Table 2 Rotor baseline configuration

Definition Value(mm)
Swashplate 300
Pitchlink attachment to pitch horn 171,187,0
Pitchlink attachment to swashplate 171,187,-300
Pitch horn attachment to blade 260(radial)
Inboard end of torque tube 200(radial)
Blade/flexbeam connection 1,160(radial)
Snubber attachment to flexbeam 0, 260, 0
Snubber attachment to blade 0, 260, 0
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Table 3 Blade mode frequencies
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Modes Frequency, /rev(Hz)
Ist lag mode 0.69(4.00)
Ist flap mode 1.03(6.01)
2nd flap mode 2.62(15.24)
Ist torsion mode 4.11(23.89)
3rd flap mode 4.65(27.06)
2nd lag mode 4.89(28.44)
4th flap mode 7.38(42.93)

Table 4 Vertical pitch link position

Pitch link position

Note

S.W.* C.W.*

Baseline 3.26 % 2.98 %

Spanwise | 5 g0, 520 2.98%

effect

Chordwise o 1.9%~4.5% T.E.
effect 3.26% -(1.9%~4.5%) L.E.

*S.W. : spanwise, C.W. : chordwise
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Table 5 Inclination pitch link position

Pitch link position
sw. | cw. | et
Pitchlink
attachment 3.26 % 2.98 %
to pitch horn
3.26% 438 % -15
3.26 % 4.09 % -12
3.26 % 3.81% -9
3.26% 3.53% -6
Pitchlink 3.26% 325% -3
attachment 3.26 % 2.98 % 0
to swashplate 3.26 % 271 % 3
3.26% 243 % 6
3.26% 2.15% 9
3.26 % 1.87 % 12
3.26 % 1.58 % 15
FASUSIEI = EH/A 229 A 85, 20121/787
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