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Vibratory Loads Reduction of a Rotor in Slow Descent

using Higher Harmonic Control Technology
Younghyun You and Sung Nam Jung*

Department of Aerospace Information Engineering, Konkuk University

ABSTRACT

In this paper, a higher harmonic control (HHC) methodology is applied to find the
optimum input scenario for the vibratory hub loads reduction. A comprehensive aeroelastic
analysis code, CAMRAD 1I, is used to model the HART (Higher-harmonic-control
Aeroacoustic Rotor Test) II rotor, and parametric study is conducted for the best HHC
inputs leading to a minimum vibration (MV) condition. The resulting outcomes are
compared with the earlier HART II test results. It is indicated that the control input
adopted in the MV condition showed less satisfactory results. The new MV condition
obtained in the present investigation can achieve 45% lower vibration level than the
baseline uncontrolled condition. The optimum HHC input results lead to 3/rev harmonic
input having 0.8° amplitude and 350° phase angle. About 5% reduction in the required
power is possible but accompanies with the increase of vibration level.
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1. A B Table 1. Comparison of HHC inputs of
HART I/l for minimum vibration
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Table 2. General properties of HART |l T e
rOtor blades — CAMRAD Il with free wake -
E -
Properties, unit Values f
=
(1]
Airfoil NACA23012mod g
Radius, m 2 E
Chord, m 0.121 3
Linear twist, deg -8 g
Solidity(0) 0.077 2l
Thrust coefficient 0.0044 0 30 60 90 120 150 180 210 240 270 300 330 360
Rotor speed, rpm 1041 Azimuth angle, deg
Fig. 2. Comparisons of structural loads prediction
0.2 result about HART Il BL case
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Fig. 1. Comparisons of airloads prediction

result about HART Il BL case
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Fig. 3. Comparisons of aeroelastic response
prediction result about HART Il BL case
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Fig. 4. Comparison of rotor hub vibratory
loads for HART Il BL case
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