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Abstract

The rotor blade is a key component that generates the lift, thrust, and control forces required for helicopter
flight by the torque transmitted through the hub and the blade pitch angle control, and should be designed to
factor vibration characteristics so that there is no risk of resonance with structural safety. In this study, the
structural design of the main rotor blade for MPUH(Multi-Purpose Unmanned Helicopter) was conducted and
the sectional stiffness measurement of the fabricated blade was performed. The evaluation of the vibration
characteristics of the main rotor system was then conducted factoring the measured stiffness distribution. The
interior of the rotor blade comprised of the skin, spar, and torsion box, and carbon and glass fiber
composites were applied. The Ksec2D program was applied to predict the stiffness of blade, and the results
were compared to the measured data. CAMRADII, a comprehensive rotorcraft analysis program, was applied
to investigate the natural frequency trends and resonance risks due to the rotor rotation.
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Table 1 Flap and lag stiffness distribution
(design target vs. measured)
Blade #1
Radius Flap stiffness (Nm~4, | ed) Design DIFF(%)
(mm) 1ST 2ND 3RD AVG Target
40 |2.122E+03(2.125E+03(2.125E+03|2.124E+03| 2.326E+03 8.7
70 |2.009E+03|2.013E+03|2.011E+03(2.011E+03| 1.793E+03 122
125 |1.292E+03|1.295E+03(1.294E+03|1.294E+03| 1.202E+03 7.6
180 |8.453E+02(8.473E+02(8.479E+02|8.468E+02| 7.031E+02 20.4
375 |8.347E+02|8.352E+02|8.359E+02|8.352E+02| 6.318E+02 322
750 |6.523E+02|6.529E+02|6.529E+02|6.527E+02| 4.179E+02 56.2
1100 |5.843E+02|5.837E+02|5.840E+02|5.840E+02| 4.179E+02 39.8
Blade #2
Radius Flap stiffness (Nm~4, Measured) Design DIFF(%)
(mm) 1ST 2ND 3RD AVG Target
40 |2.020E+03|2.016E+03|2.023E+03(2.020E+03| 2.326E+03 -13.2
70 | 2.038E+03|2.043E+03| 2.047E+03|2.042E+03| 1.793E+03 13.9
125 |1.334E+03|1.341E+03| 1.344E+03|1.339E+03| 1.202E+03 11.4
180 |8.409E+02|8.451E+02|8.462E+02|8.441E+02| 7.031E+02 20.1
375 |7.973E+02|7.986E+02| 7.984E+02|7.981E+02| 6.318E+02 263
750 |5.952E+02|5.975E+02| 5.964E+02|5.964E+02| 4.179E+02 427
1100 |5.704E+02|5.720E+02|5.720E+02|5.715E+02| 4.179E+02 36.8
a) Flap stiffness
Blade #1
Radius Flap stiffness (Nm~4, Measured) Design DIFF(%)
(mm) 1ST 2ND 3RD AVG Target
40 |1.589E+04|1.502E+04| 1.501E+04|1.531E+04| 1.779E+04 -14.0
70 |1.678E+04|1.615E+04| 1.612E+04|1.635E+04| 1.982E+04 “17.5
125 |2.947E+04|2.993E+04|2.996E+04|2.978E+04| 3.464E+04 -14.0
180 |5.247E+04|5.262E+04|5.281E+04|5.263E+04| 4.487E+04 17.3
375 |4.669E+04|4.703E+04| 4.695E+04|4.689E+04| 4.044E+04 15.9
750 |3.794E+04|3.842E+04| 3.818E+04|3.818E+04| 2.714E+04 407
1100 |4.074E+04|4.058E+04| 4.087E+04|4.073E+04| 2.714E+04 50.1
Blade #2
Radius Flap stiffness (Nm~4, I ed) Design DIFF(%)
(mm) 1T 2ND 3RD AVG Target
40 |1.572E+04(1.500E+04|1.498E+04| 1.524E+04| 1.779E+04 -14.4
70 |1.689E+04|1.711E+04|1.713E+04|1.704E+04| 1.982E+04 -14.0
125 |2.967E+04|2.992E+04|2.992E+04(2.984E+04| 3.464E+04 -13.9
180 |5.087E+04|5.081E+04|5.084E+04|5.084E+04| 4.487E+04 13.3
375 |4.519E+04|4.530E+04|4.541E+04|4.530E+04| 4.044E+04 12.0
750 |4.087E+04|4.108E+04|4.126E+04|4.107E+04| 2.714E+04, 51.3
1100 |3.988E+04|3.938E+04|3.971E+04|3.966E+04| 2.714E+04 46.1
b) Lag stiffness
Table 2 Blade natural frequencies
Frequency (Hz)
Mode Section stiffness | Section stiffness | Diff.
(Estimated) (Measured) (%)
1F 18.6 18.9 1.6
1L 23.2 239 3.0
2F 53.8 55.7 3.5
1T 82.8 89.9 8.5
3F 108.2 116.5 7.6
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