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ABSTRACT

The vibration control performance of an active twist rotor using multicyclic control is evaluated
and discussed. Artificial flight data for a descent flight with 6-degree flight path angle are generated
using CAMRAD II. A linear, quasi-static, frequency domain system model with six multicyclic high-
er harmonic control inputs and 12 harmonic response outputs of nonrotating hub loads is identified
offline by using the least squared error. The optimal control input for minimizing the quadratic per-
formance function and the corresponding response to the optimal control are calculated. The
open-loop control performance is simulated using CAMRAD II by applying the optimal control input.
The nondimensionalized vibration index combining 12 nonrotating hub loads is reduced by 93 % us-
ing open-loop control. The gradient descent method is applied for closed-loop control, and
MATLAB/CAMRAD 1I coupled analysis is performed to evaluate the closed-loop multicyclic control
system. The closed-loop control using the gradient descent algorithm with the system model identi-
fied offline shows very good vibration reduction performance, and the reduced vibration level con-
verges to the optimal solution.
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Table 1 Properties of the rotor and atmospheric conditions

Properties Values
No. of blades (N) 4
Radius (R) 2m
Chord (c) 0.121 m
Rotor speed (Q) 1041 r/min
Rotating direction CcwW
Weight (WO0) 3581 N
Solidity (o) 0.077
Air density (p) 1.225 kg/m3

Temperature 15°C, sea level
Airfoil drag (cd0) 0.0075
Fuselage drag area 0.15m
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Table 2 Applied moments for baseline cases

Voltage input Twist moment
4, 300 V 1.5 Nm

240V (30 %) 1.2 Nm
A, 480V (60 %) 2.4Nm

640 V (80 %) 32Nm
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Fig. 7 Open-loop control simulation

Table 3 Vibration reduction performance according to
multicyclic control input changes

Case Harmonics 'VI reduct'io.n VI reduction
of control | (linear prediction) | (CAMRAD II)
1 2P,3P,4P 96 % 93 %
2 2P,3P 95 % 91 %
3 2P,4P 95 % 88 %
4 2P 75 % 66 %
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