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Dynamic Characteristics of Helicopter Bearingless Main Rotor
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Korea Aerospace Research Institute
ABSTRACT

The characteristics of bearingless main rotor of helicopter are investigated through
non-rotating tests and rotating tests. The stiffness and natural frequencies of rotor blades,
flexbeam, and torque tube which are core components of baearingless rotor are measured to
obtain input material properties for rotor analysis. The functional test on ground for
assembly of one hub with damper, snubber, and no blade is carried out to check interfaces
between components, kinematics of components, and pitch motion ranges under applied
loads including centrifugal load. The 4-bladed bearingless rotor with 5.82m of rotor radius
is tested on the whirl tower with rotation plane of 9.65m height. The thrust and power
are measured to obtain hover performance and the frequencies and dampings of the rotor
are obtained by excitation of cyclic pitch by hydraulic actuators.
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Fig. 1. Bearingless Main Rotor
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Table 1. Frequencies of blade, torque
tube and flexbeam

Mea Frequency(Difference),
Comp. ’ Hz(%) Mode
Hz Not tuned Tuned
5.07 5.10(0.6) 5.06(-0.2)| F1
15.0| 14.81(-1.3)| 14.74(-17)| F2
24.3 24.82(2.1) 24.67(1.5) L1
Blade 29.4| 32.78(11.5)| 32.33(10.0)| F3
435 34.93(-19.7) 43.49(00)| T
496| 61.25(235) | 60.66(22.3)| F4
725| 72.44(-0.1)| 72.27(-0.3) L2
Toraue | st s1802)| 4s1sson)| Fi
Tube
15.25| 17.18(12.7)| 15.21(-0.3) F1
47.25 50.18(6.2) | 46.06(-2.5)| F2
Flex- 79.0 85.24(7.9) 79.00(000)| T
beam 92.0 99.01(76)| 91.76(-0.3)| T2
103.8 | 114.89(10.7)| 104.41(06)| F3
104.5| 111.60(6.8) | 104.01(-05)| L1
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Flexbeam and Blade Section Flap Stiffness Distribution
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Fig. 2. Flap stiffness distribution

Flexbeam and Blade Section Lag Stiffness Distribution
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Fig. 3. Lag stiffness distribution

Flexbeam and Blade Section Torsion Stiffness Distribution
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Fig. 4. Torsion stiffness distribution

Flexbeam and Blade Section Mass Properties Distribution
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Fig. 5. Mass properties distribution
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Fig. 7. Test apparatus of functional test
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Table 2. Rotor characteristics

Parameter Value

Hub type Bearingless
Number of blades 4
Rotor speed, RPM 345
Radius, m 5.82
Blade chord, 0.27
Airfoil NACA 23012
Linear blade twist, deg -8.0
Solidity 0.08
Blade length, m 454
Flexbeam length, m 1.16
Torque tube length, m 1.46
Snubber radial pos., m 0.26

Damper
i/- quue Tube Adapter

S80|= B

Fig. 8. Sectional drawing of bearingless
main rotor
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