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Computational Vibration Analysis and Evaluation of a Tilt-Rotor

Aircraft Considering Equipment Supporting Structures
Yu-Sung Kim, Dong-Hyun Kim, Dong-Man Kim, Jianming Yang, and Jung-Jin Lee

ABSTRACT

In this study, computational structural vibration analyses of a smart unmanned aerial
vehicle (SUAV) with tilt-rotors due to dynamic hub loads have been conducted considering
detailed supporting structures of installed equipments. Three-dimensional dynamic finite
element model has been constructed for different fuel conditions and tilting angles
corresponding to helicopter, transition and airplane flight modes. Practical computational
procedure for modal transient response analysis is successfully established. Also, dynamic
loads generated by rotating blades and wakes in the transient and forward flight conditions
are calculated by unsteady computational fluid dynamics technique with sliding mesh
concept. As the results of present study, transient structural displacements and accelerations
of the vibration sensitive equipments are presented in detail. In addition, vibration
characteristics of structures and installed equipments of which safe operation is normally
limited by the vibration environment specifications are physically investigated for different
flight conditions.
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Fig. 1 Geometric configuration of
Smart UAV (TR-S5) model.
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2.1 Transient Response Analysis
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2.2 Large Mass Method (LMM)
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Fig. 2 Dynamic finite element model of the
SUAV (TR-S5).
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Fig. 3 Comparison of natural frequencies for
different flight modes and fuel
conditions.
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(b) PSA installed in 3D FE Model

Fig. 5 Closed view of finite element model
for the patrol camera installed in
the front fuselage section.
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Table 1 Comparison of induced acceleration level
for the payload sensor {patrol camera)
equipment (Empty Fuel Condition,
Airplane mode: 0 deg tilting angle)

FE Model | a,(Grms) | a,(Grms) | a,(Grms)
Transient
0.13 0.16 .2
(RBE) 026
Transient
(3D) 0.17 0.26 0.26
Base
Excitation 0.09 024 0.30
(B 713)
Base
Excitation 0.09 0.11 0.32
(@ 3% 7))

Table 2 Comparison of induced acceleration level
for the payload sensor (patrol camera)
equipment (Full Fuel Condition, Airplane
mode: 0 deg tilting angle}

FE Model | a,(Grms) | a,(Grms) | a,(Grms)
Transient
(RBE) 0.12 0.15 0.26
Transient
(3D) 0.12 0.10 0.28
Base
Excitation 0.10 0.13 0.25
(SA 7HA)
Base
Excitation 0.16 0.12 0.32
(Z+ ks oD
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Fig. 6 Comparison of PSA input and receive
displacement (Empty fuel condition,
tilting angle 90 deg).
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(b) Full 3D support model

Fig. 7 Comparison of z—direction
acceleration responses for the
patrol camera equipment.
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(b) Full 3D model for EMS

Fig. 8 Configuration of engine mount structure
(EMS) and its finite element model.

Table 3 Comparison of z—directional base excitation
frequency for installed engine (Simply
connected rigid support model, Hz)

Condition 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
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Table 4 Comparison of z—directional base
excitation frequency for installed
engine (3D support model, Hz)

Condition 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

x10* Fourier Transform of Time Function

T T T T T T T

Magnitude
(%]

1 ) 10 15 20 25 30 35 40
frequency{Hz)

(a) Empty Fuel, Odeg

x10* Fourler Transform of Time Function

T T T T T T T

Magnitude
N

[

10 15 20 26 30 35 40
frequency{Hz)

=
]

(b) Empty Fuel, 90deg

Fig. 9 Fast Fourier Transform (FFT) Result
(Z—direction).
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Fig. 10 NOMO diagram for the engine
equipment(Engine vibration limits).
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