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ABSTRACT

The aircrafts with high aspect ratio wings made by a composite material have been developed,
which enable high energy efficiency and long-term flight by reducing air resistance and structural
weight. However, they have difficulties in securing the aeroelastic stability such as the flutter be-
cause of their long and flexible wings. The flutter is unstable self-excited-vibration caused by inter-
action between the structural dynamics and the aerodynamics. It should be verified analytically prior
to first flight test that the flutter does not happen in the range of flight mission. Normally, the finite
element model is used for the flutter analysis. So it is important to construct the finite element mod-
el representing dynamic characteristics similar to those of a real aircraft. Accordingly, in this re-
search, to acquire dynamic characteristics experimentally the modal test of the aircraft with high as-
pect ratio composite wings was conducted. And then the modal parameters from the finite element
analysis(FEA) were compared with those from the modal test. To make analysis results closer to test
results, the finite element model was updated by means of the sensitivity analysis on variables and
the optimization. Finally, it was proved that the updated finite element model is reliable as compared

with the results of the modal test.
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Table 1 Finite element model summary

Element Count Remark
CBAR 12068 Longeron, bulkhead, EMS
CBEAM 230 Stiffener
CBUSH 4 EMS fitting
CHEXA 952 Core
CONM2 2160 Nominal mass
CPENTA 520 Core
CQUAD4 34965 Skin, rib, fitting, spar
CROD 5669 Stiffener
CTRIA3 825 Lug
RBE2 321 Attachment, equipment
RBE3 59 Inertia load distribution
Total 57773

Table 2 Flight configurations

Test configuration

MFDW(minimum flight design weight)

MLDW(maximum landing design weight)

MTOW (maximum take off design weight)
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Table 4 Difference of mode frequencies between 3
FEA and modal test

Description of mode shape IBifftzsngs @ (S50 g

analysis(%) BAFI QT Tzl AR Aol 2ol
M.W. l1st sym. bending 3.0 -
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TV, Tat sym. bending E W BEI1E modal density’} ol AP F
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=
=

Fig. 9 Comparison of mode shapes Fig. 10 MAC between FEA and test
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(c) MW torsion mode (d) TW in-plane mode

Fig. 12 Sensitivity analysis on variables
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Table 5 Difference of mode frequencies between up-
dated FEA and modal test

Difference of test
and analysis (%)

Description of

mode shape Previous Updated
FEA FEA
M.W. Ist sym. bending 3.0 1.7
Fuse. roll +
M.W. 2nd anti-sym. bending 33 4.6
M.W. 2nd anti-sym. bending + 53 63

T.W. in-phase motion
T.W. Ist sym. bending 1.3 1.5
T.W. Ist sym bending +

M.W. 2nd sym bending >4 4.0
M.W. lIst sym in-plane 12.5 3.1
Testboom bending 13.8 1.6
Fuse. vertical bending + 82 74
M.W. 2nd sym. bending
T.W. 1st anti-sym. in-plane 8.5 1.7
T.W. Ist sym. in-plane 79 1.5
M.W. 3rd anti-sym bending 32 1.1
M.W. anti-sym torsion 12.4 1.7
M.W. sym torsion 15.8 2.2

objective function = Min [E Wy

,N=1,5,7,11,20

By of
2T R
oX o

T g

Fig. 14 MAC between updated FEA and test
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