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Computational Vibration and Characteristic Analyses for Tilt-Rotor Vehicle Considered
3-Dimensional Supporting Equipment Structures
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ABSTRACT

In this study, structural vibration analyses of a smart unmanned aerial vehicle (UAV) have been conducted
considering dynamic hub-loads of tilt rotor. Practical computational structural dynamics technique based on the finite
element method is applied using MSC/NASTRAN. The present UAV(TR-S5-04) finite element model is constructed as
a full three-dimensional configuration with different fuel conditions and tilting angles for helicopter, transient and
airplane flight modes. In addition, the 3-dimensional supporting equipment structures of electronic devices are
considered for vibration analysis. As the results of this study, transient structural displacements and accelerations are
presented in detail. Moreover, vibration characteristics of structural parts and installed equipments are investigated

for different fuel conditions and tilting angles.
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Fig. 1 Geometric configuration of Smart UAV (TR-S5)
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Fig. 2 Dynamic finite element model for the TR-S5-04
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Table 1 Empty Fuel Condition (Airplane Mode)

FE Model | a,(Grms) | a,(Grms) | a,(Grms)
Transient
0.13 0.16 0.26
(RBE)
Transient (3D) 0.17 0.26 0.26
Base Excitation
0.09 0.24 0.30
(BA 7130)
Base Excitation
Ny 0.09 0.11 0.32
@ B3 A4

Table 2 Full Fuel Condition (Airplane Mode)

FE Model | a,(Grms) | a,(Grms) | a,(Grms)
Transient
0.12 0.15 0.26
(RBE)
Transient (3D) 0.12 0.01 0.28
Base Excitation
(4] 7ha) 0.10 0.13 0.25
Base Excitation
@ W3 74) 0.16 0.12 0.32
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Fig. 8 Engine Mount System(EMS) attached in
Keel Beam

Table 3 Engine Excitation Frequency

(RBE, Z-direction) (Hz)
0 deg 80 deg 90 deg
Empty Fuel 10.76 9.78 9.78
Half Fuel 10.27 9.75 9.77
Full Fuel 10.27 9.74 9.77
Table 4 Engine Excitation Frequency
(3D Model, Z—-direction) (Hz)
0 deg 80 deg 90 deg
Empty Fuel 10.8 9.78 9.78
Half Fuel 10.27 9.78 9.78
Full Fuel 10.27 9.29 9.29
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