Study of Gust Response Characteristics for Flexible Wing by Wind Tunnel Test
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ABSTRACT

In this study, the design method of flexible wing model for gust response measurement wind tunnel test was
presented. The design concept proposed herein was validated by modal testing of the flexible wing model
manufactured. In addition, aeroservoelastic modeling method for flexible wing model was presented and validated by
comparing the gust response analysis results from the method proposed herein with those of commercial software.
The gust response characteristics of the flexible wing model was studied by wind tunnel test for measuring the
flexible wing gust response due to the induced gust excitation by gust generator. The aeroservoelastic modeling
methods proposed and the wind tunnel test results obtained in this study can be applied for wind tunnel testing of
the flexible wing for gust response alleviation.
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Fig. 1 Conceptual Drawing for Flexible Wing Model (Plan View)
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Table 1 Comparison of Natural Frequencies
(Modal Test vs. FE Analysis)
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Gust Model
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Frequency (Hz)
Mode Description Test FEM Error
(Update) (%)
1st Vertical Bending 35 35 0.1
2nd Vertical Bending 21.9 21.3 -2.7
3rd Vertical Bending 57.0 63.0 10.5
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Fig. 2 Set-up for Flexible Wing Modal Test
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Fig. 3 ASE Model for Gust Response Analysis



Fig. 4 FE & Aerodynamic Model for Flexible Wing

Table 2 Comparison of Gust Response Analysis Results

RMS Response NASTRAN ASE Model Error(%) 5 A | - "
Displacement 10.1 10.1 0.1 Fig. 5 Gust Response Measurement Wind Tunnel Test for
Acceleration 4,185 4,610 10.2 Flexible Wing
Stra!n(ez) 4.07e-6 4.06e-6 0.2 15m/s
Strain(e,) 3.04e-5 3.03e-5 -0.3
Strain(v,,) 7.79¢-6 7.77e-6 0.3
Fig.4 +2.5° 5
) 5
MSC/NASTRAN (1, 2, 3, 4, 5Hz) . Fig6 3
10Hz (1, 2, 3Hz)
1 ’
. , 1
0.0 21 (k=0.001~1.5)
(3.5H2)
' 5 . Fig.7 (Dryden )
. Dryden
, 15m/s, 0.5m/s, ’
+2.5° £5° ,
2m
. Table 2
MSC/NASTRAN
’ ’ Gust Generator Sinusoidal Excitation : Amplitude = 2.5 deg
RMS ) ! ! o o Guat : 1Hz Sine
’ B - 4
£ |
Eax e
4. .
E: L= A
/ e I i
b 1 ‘nmmwlj = i 3 3 5
/
5 i
, 2 £l
! ’nm-lmlz ‘ : :‘m-‘”ﬁ: ‘ ’
! Fig. 6 Flexible Wing Response for Sinusoidal Gust Excitation
4m

1331



Gust Generator Random Excitation : Dryden PSD Model
) Strain Response

tme {sec)

Acceleration Responss

] ] 3 i 5 B T B E] [
tine (sec)

Fig. 7 Flexible Wing Response for Random Gust Excitation

2006 “

(3) Hoadley, S. T. and Karpel, M., 1991, "Application
of Aeroservoelastic Modeling Using Minimum State
Unsteady Aerodynamic Approximations,” Journal of
Guidance and Control, Vol.14, No.2, pp.1267-1276.

(4) Baldelli, D. H.,, Ohta, H. and Nitta K., 1993,
"Gust Load Alleviation of an Aeroelastic Wing Model,"
Transactions of the Japan Society for Aeronautical
and Space Sciences, Vol.36, N0.113, pp.125-142

(5) , , , , 2004, “
, , pp.452-456
6) \ , : , , 2005,
1” ( )1
, pp.45-48
@) , , , , , 20086,

(1) Matsuzaki, Y., Ueda, T., and Matsushita, H.,

1989, “Gust Load Alleviation of a Transport-Type
Wing : Test and Analysis", Journal of Aircraft, Vol.19,
pp.322-327

(2) Karpel, M., 1990, "Time-Domain Aeroservoelastic
Modeling Using Weighted Unsteady Aerodynamic
Forces,” Journal of Guidance and Control, Vol.13, No.1,
pp.30-37

1332





