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Ground Resonance Instabilities Analysis of a Bearingless Helicopter Main Rotor
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ABSTRACT

The ground resonance instability of a helicopter with bearingless main rotor hub were investigated.
The ground resonance instability is caused by an interaction between the blade lag motion and hub
inplane motion. This instability occurs when the helicopter is on the ground and is important for
soft-inplane rotors where the rotating lag mode frequency is less than the rotor rotational speed. For
the analysis, the bearingless rotor was composed of blades, flexbeam, torque tube, damper, shear re-
strainer, and pitch links. The fuselage was modeled as a mass-damper-spring system having natural
frequencies in roll and pitch motions. The rotor-fuselage coupling equations are derived in non-rotat-
ing frame to consider the rotor and fuselage equations in the same frame. The ground resonance in-
stabilities for three cases where are without lead-lag damper and fuselage damping, with lead-lag
damper and without fuselage damping, and finally with lead-lag damper and fuselage damping. There
is no ground resonance instability in the only rotor-fuselage configuration with lead-lag damper and

fuselage damping.
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Table 1 Rotor geometric properties Main rotor hub
Property Value \1</‘
Hub type Bearingless /—/ 2,0,
Number of blades 4 Kx, X0,
Radius, m 5.74 ;
Blade chord, m 0.36 o Kz%ﬂHCZ, Llj
Blade mass, kg 45.5
Blade 1st M.O1, k%'m 120.9 Fig. 3 Fuselage modeling
Blade M.O.1,, kgm 455.8
Rotor speed, RPM 349
Blade airfoil section profile NACA 23012 Aol o AAo] FH 24 (2)¢F Ath
Solidity 0.0796
Linear blade twist, deg -8.0 1 .
Flexbeam length, m 1.16 r= EZVIJ‘TG retoage I c ag )
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Fig.2 Rotor lag frequencies and damping values
with rotor speed
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Table 2 Fuselage position

Location FS(mm) BL(mm) | WL(mm)
C.G.(airframe) 3,177 0 410
Main rotor hub 3,327 0 2,110
L.G.(Fwd, nose) 1,630 0 -1,140
L.G.(Aft, right) 3,862 1,300 -1,140
L.G.(Aft, left) 3,862 -1,300 -1,140

Table 3 Fuselage properties
Parameter Value
Airframe mass, kg 3,000
Rotor mass, kg 182
Airframe rolling inertia /., kg~m2 2,051
Airframe pitching inertia I, kg~m2 7,313
Airframe yawing inertia L., kgm2 8,563
Airframe product inertia I, kgm’ 0
Longitudinal K, N/m 388,412
Fwd L.G. | Lateral X,, N/m 720,260
Vertical K., N/m 720,260
Longitudinal K, N/m 388,412
Aft L.G. Lateral K,, N/m 720,260
Vertical K., N/m 720,260

Table 4 Calculated modal values of fuselage

Frequency | Generalized | Damping
e (Hz) |mass (kgm’)| (%)
1% roll mode(M,) 2.26 1,073 5.9
1% pitch mode(M,) 1.82 1,450 4.9
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Table 5 Non-dimensional parameter values

Parameter Value
s 1.523
M, 29.49
M, 22.68
w, 10.78

y 13.13
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