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Fig.1 Flow chart of the geometric nonlinear flutter

analysis process
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Fig.2 The sub-scaled model of solar UAV wing
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Fig.6 The nonlinear unsteady aerodynamic calculation model

3 B S

IR AN RS B AR LA 73T 5 EE R K
FHAEJC AMLHLFE 45 LTS BEA T BIIR 20 AT , PRS00 4 1
AR IR 1, BURRR TS A5 R0 e W 2, B
SR R T —FHJE i M S — R 2 an ] 7 L 151 8 By
Ro MIRBITHRERAT LI ), B IEARANE A 5, HLEOK
P A A R B T S R R L, LA
IR ZE BB N (B RERE AR TE RN, pLEL AL S IR AT
W] AR RSl Y R 3, IR 2 A A W] R A 5, &l 9
PR o BRI S 45 R T LA, 25 IR A A LT etk A
R R PR BRI A T 2 AR, ML 15
BRSHIM A B, A NI — 5K SRS
Bk ARBRMLI K BRSO LA R Bk 4 3=
ZHHEZ—, kAR REERE AR, e
THEATARZANE SR T I B

x1 REFIHTEER

Table 1 The calculation results of vibration characteristics
RS2 MR/ Hz Ry R/ Hz FERE G /%

B — 2 1.0989 1.0944 -0.40

B2 1.2540 1.2458 -0.65

]S - 5.8009 5.8136 0.22

P A 2 6.9136 6.8408 -1.05
[l 10.4651 10.1347 -3.16
HLF—H1 15.2763 152310 -0.30

Pl S 16.1556 16.1267 -0.18

HLEL K= 18.7611 18.6525 -0.58

Gk SEIE 29.1129 29.0701 -0.15

DIk ¥/ S QU 34.4476 34.2594 -0.55

&2 BURFIETREER

Table 2 The calculation results of flutter characteristics

i H Wi/ (m/s) B /Hz BRI
&bk 20.866 8.045 MU —HN RS
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Fig.7 The calculation results of linear flutter
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Fig.8 The calculation results of nonlinear flutter
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Fig.9 The nonlinear quasi-equilibrium state
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Fig.10  Ground vibration test of wing model
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Table 3 The comparison between linear calculated results of

the model vibration with experimental results

[T ETAN 5/ Hz P 5i/Hz FERTE SY /%
PR — 2 1.107 1.0989 -0.74
B —2 1237 1.2540 137
LR oy 5.929 5.8009 -2.16
k- & ) 6.950 6.9136 -0.52

RN E 10.409 10.4651 0.54

BLEE—4 15.539 152763 -1.69
P = 16.328 16.1556 -1.06
BLELKF- =4 19.363 18.7611 -3.11
DIk S 29.416 29.1129 -1.03

x4 FEMERDFETEER SHNERIVER

Table 4 The comparison between nonlinear calculated results

of the model vibration with experimental results

(PPN IR/ Hz Tz FRE 5%
DIk S-S 1.108 1.0944 -1.23
LB KP4 1.249 1.2458 -0.25
Dok S =y 5.866 5.8136 -0.89
HLEL K — 2 6.943 6.8408 -1.47

Bl Vs 9.806 10.1347 3.35

LS —H 15.348 15.2310 -0.76
Dk S ) 16.313 16.1267 -1.14
B =2 19.304 18.6525 -3.38
BB F Y 29.436 29.0701 -1.24

2518

(D) PLFERALTE G T AR L R U KAL) Bk

FrPEAT 28 RN, B AR AR iR B A 20% , BRI S A
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Table 5 The comparison between calculating result of flutter
characteristics with wind tunnel testing data
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Fig.12 Frequency spectrum analysis of response signal at
15m/s wind speed
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An Analysis Method of Geometric Nonlinear Flutter for High-aspect-ratio Wings

Hu Zhiyong, Gao Yining, Zhao Xiaogian
AVIC the First Aircraft Institute, Xi’an 710089, China

Abstract: Due to the large scale and small relative stiffness of the large-aspect-ratio aircraft, the deformation of the
airfoil under load condition is large and complicated with different flight attitudes, which leads to unstable change of
the dynamic characteristics and aerodynamic load distribution of the aircraft structure, and makes the flutter problem
especially prominent. In this paper, a set of aeroelastic design and analysis technique for large aspect ratio wing is
developed by combining geometric nonlinear structural finite element modeling with nonlinear aerodynamic
calculation. Taking the model of a sub-scale flexible wing as an example, geometrical nonlinear aeroelastic calculation
and analysis are carried out, and the results are compared with the experimental results. The results show that the
finite element modeling method of geometrical nonlinear structures proposed is reasonable. The proposed nonlinear
flutter analysis method can effectively analyze the geometrical nonlinear aeroelastic characteristics of large deformed
structures, and the calculation accuracy meets the requirements of engineering development.

Key Words: geometrical nonlinear; high-aspect-ratio; aeroelastic; wind tunnel test; nonlinear aerodynamic
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