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ABSTRACT

This paper investigates the use of active rotor vibration control, specifically individual blade pitch
control (IBC), for a 13 600 kg (30 000 Ib) class lift-offset compound helicopter to simultaneously reduce
rotor and fuselage vibration responses while enhancing rotor performance. The rotor and fuselage systems
are modeled and analyzed separately using CAMRAD II and MSC.NASTRAN respectively, and a
one-way coupled analysis is applied to account for the effects of rotor hub vibratory loads on the
fuselage. The study trims the isolated lift-offset rotor using a propulsive trim approach, predicting rotor
vibration and performance metrics under IBC conditions. Fuselage vibration responses are also
analyzed with IBC applied to the rotor. The optimal IBC input scenario, employing multiple harmonic
inputs, is determined using a cost function (F) aimed at minimizing both rotor and fuselage vibrations
while improving rotor performance at a forward speed of 250 kn. Simulation results demonstrate that
applying a specific multiple harmonic IBC input condition (2P/0.5°/0° + 3P/0.5°/225°) achieves
significant improvements: rotor vibration (VI) is reduced by 50.67 %, fuselage vibration responses (J)
are lowered by 42.23 %, and rotor performance (L/D,) is enhanced by up to 4.16 %.
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Fig. 1 Various lift-offset compound helicopters
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Fig. 2 Individual blade pitch control(IBC)
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Fig.3 CAMRAD II model for lift-offset coaxial rotor

Table 1 General properties of 13 600 kg(30 000 1b) class
lift-offset coaxial rotor model

Property Value

Gross weight 13 600 kg(30 000 1b)

Hub type Hingeless

Rotor radius, R 7.62 m(25 ft)

Inter-rotor spacing 11.4 %R
Root cutout 14.2 %R
Nominal rotor speed 249.54 r/min
Coaxial rotor solidity 0.1411
Cross-over angle 0.0°

Sweepback angle 20.0° at 90 %R
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Table 2 Flight conditions

Parameter Value

Flight speed, V 250.0 kn

Rotor rotational speed 87.08 % nominal RPM

Shaft tilt angle 3.7°

Total trust, 7.

coaxial

9623.6 kg(21216.4 1b)

Lift-offset(LOS) 0.19
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Table 4 Natural frequencies of airframe structure models

IBC with single IBC with multiple
Parameter o 0 ..
harmonic input harmonic inputs
N 2P, 3P, 4P and 5P 2P, 3P and 5P
A 0.5°, 1.0° and 1.5°
0°, 45°, 90°, 135°, 180°,
4 225°, 270°, 315° and 360°

_6|
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- '€|Bc

Blade pitch angle using IBC inputs (deg)

0 45 90 135 180 225 270 315 360
Blade azimuth angle, t(deg)

Fig. 4 Blade pitch angles with IBC inputs

60 | Trans. Korean Soc. Noise Vib. Eng., 35(1) : 56~68, 2025

Natural frequency [Hz]
Fuselage Difference
bending mode | Normal mode GVT [%]
analysis model | model
First lateral 8.43 8.43 0.00
First vertical 12.61 12.61 0.00
Second lateral 23.44 23.44 0.00
Second vertical 30.71 30.71 0.00
123456
Cable 1 123456
L=1333m — 9%
(43.74 ft)
E = 25.29E+6 kg/m? Cable 2
(5.18E+6 Ib/ft2) <+— L=16.89m
Accelerometer direction (55.41 ft)

E = 25.29E+6 kg/m?

@ Vertical and longitudinal (5.18E+6 Ib/ft2)

@ Vertical
FX4P
Node 24
Node 3 Rotor
Pilot seat M

Node 204
Forward cabin

Node 12 T,

Engine deck Node 18

Prop
gear box

Fig. 5 Ground vibration test(GVT) model
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Table 5 Baseline values without IBC at 250 kn

Parameter Value
174 0.216
/D 6.123

J 0.152
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Fig. 8 Fuselage vibration response using IBC with single harmonic input
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Table 6 The selected cases using IBC with single
harmonic input

Percent change [%)]

Case | IBC input
AVI | AL/D, | 4] F
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6 5P/0.5°/45° | -37.84 2.74 -24.28 | 30.34
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Table 7 The selected cases using IBC with multiple
harmonic inputs

Percent change [%]

Case IBC input
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14| o | 541 | 320 | 1324 3385
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