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ABSTRACT

The stiffness and natural frequencies for blades, flexbeam, and torque tube of bearingless rotor

system are measured to determine the material input properties such as mass distributions and stiff-

ness distribution for the rotor dynamics and load analysis. The flap stiffness, lag stiffness, and tor-

sional stiffness are calculated by measuring section strain or twist angle, gages position, and applied

loads through bending and twist tests. The modal tests are undertaken to find out the natural fre-

quencies for flap, lag, torsion modes in non-rotating conditions. The stiffness values and mass prop-

erties are tuned and updated to match prediction frequencies to the measured frequencies. The rotor-

craft comprehensive code(CAMRAD 1I) is used to analyze the natural frequencies of the specimens.

The analysis results with the updated material properties agree well with the measured frequencies.

The updated properties will be used to analyze the rotor stability, dynamic characteristics and loads

for the rotor rotation test in a whirl tower.
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Fig. 2 Sectional drawing of bearingless rotor
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Fig. 3 Flap stiffness measurement of flexbeam
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Fig. 7 Modal test of blade and flexbeam

Fig. 8 Accelerometers on the blade
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Fig. 10 Magnitude of FRF in lag accelerometer

Table 1 Natural frequencies of blades

Measured Analysis Diff.
Mode Frequency | Damping | Frequency | (freq.)
Hz % Hz %
Ist flap 5.07 0.29 5.10 0.6
2nd flap 15.0 0.20 14.81 -13
Ist lag 243 0.39 24.82 2.1
3rd flap 294 0.19 32.78 115
Ist torsion 43.5 0.33 34.93 -19.7
4th flap 49.6 0.21 61.25 235
2nd lag 72.5 0.26 72.44 -0.1
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Table 2 Natural frequencies of flexbeam

Measured Analysis(frequency)
Mode Freq. | Damp. | Nast. | Cam. | Diff.
Hz % Hz Hz %

Ist flap 15.25 1.07 17.95 | 17.18 12.7

2nd flap 47.25 | 0.267 | 4842 | 50.18 6.2

Ist torsion 79.0 0.480 85.17 | 85.24 7.9

2nd torsion 92.0 0.487 100.1 | 99.01 7.6

3rd flap 103.8 | 0.207 | 109.6 | 114.89 | 10.7
Ist lag 104.5 | 0.144 | 111.6 | 111.60 | 6.8
4th flap 1573 | 0.182 | 161.9 | 168.60 | 7.2

Table 3 Natural frequencies of torque tube

Measured . .
- Analysis | Diff.
Mode Frequency Damping
Hz % Hz %
Local 357 0.19 312.6 -12.4
Ist flap 431 0.69 518 20.2
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Table 4 Measured frequencies and tuned prediction
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