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Fig.3 3D printed local part of main structure
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Table 1  GVT result of 3D printed part of main
structure model

s SRS /Hz 3D T Ef Ry 3= 45 A AR/ Hz TRIE%
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Fig4 WTT result of 3D printed control surface model
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Fig.5 Modes of wing in full aircraft condition
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Fig.6 Flutter calculation result of wing
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Fig.8 Flutter model design workflow
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Table 2 Modal frequencies and flutter velocity of model
before and after optimization

RS/ AIR JifE AR thAbE RHE%
%51 H/Hz 1.00 0.92 0.99 1.0
52 B /Hz 2.39 2.51 2.49 3.9
53 Bi/Hz 3.45 3.37 3.43 0.7
%54 /Hz 445 4.65 4.65 45
R T/ (/s ) 23.4 225 243 3.6
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Fig.9 Comparison between beam and skin properties of structural

similarity model before and after optimization
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Fig.10 Effect of local skin thickness on flutter velocity
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Removable design of local skin

2.4 BT IDITENHARRIREL HIEFNRIEE A EEE
HLFL S5 AL AR U RLR OGO IR AR, 3 a4 AT

PRIEIZE Kz 733 i 3D T ENH AR —HAR I T ROE , BEUHLE

SCAF I B2 1R SRR SRR 4 TR 4 LR 3 O 19 AR A i

Heo R BIR) EARSE ALATRIRI R BE I 52 B CANFT R )
o) Mgk SR AFRMACE . W)W L BIRARAR L , &
T 3D TENHAR B T ARGEH 3 F R i 2 50%

AR X AR B S Bt Ay RO B R R R, ST
T R BRI ZE R 8h 1 2 4)f FLFEM, F T4 SEp R R A%
R 5T S R R ] 3 X 1o 4R 4t FCRHE S 4% . 3D
FTEMHLILZE AR L BRI A 151 12 B/, S P S RS %
HE ST IR 3.

B2 HLIRZEA A DI
Fig.12  Structural similarity model of wing

&3 SDHEMBARBSURARMR Y REESRIHENLE
Table 3 Comparison between typical dimensions and
weight of 3D printed wing model with design values

bR B
M52 K /mm 809.4 809.1
JEK/mm 690.8 690.7
FAREE M Tt/ 2918.5 2876.9
AIPREIGE R 1 X /g 145.1 143.5
T PREISE e 2 X F it/ 173.1 169.6
A PRIEISE R 3 X /g 85.2 84.6
ATYRIEISE Y 4 X AL/ 12222 119.9
AIPREIGE R S X /g 67.0 66.3
AIPRIEISE 6 X /g 96.6 94.7
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Fig.13  Time history of flutter response of wing model
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Design and Application of 3D Printed Aircraft Flutter Wind Tunnel Test Model

Hu Jialiang, Wu Jiangpeng, Tuo Chaozhi, Zhang Hui, Hu Xin, Shen En’nan
AVIC Shenyang Aircraft Design and Research Institute, Shenyang 110035, China

Abstract: Flutter wind tunnel test is a necessary technique in the aeroelasticity design of aircraft. With the increasing
requirement of aeroelastic quality of advanced aircraft, it is more urgent to rapid structural parameter design by flutter
wind tunnel test. In order to achieve the requirements for structural parameter design and simultaneously reduce the
design and manufacturing period of flutter model, a low-speed flutter model design method based on 3D printing
technology is explored and developed. According to the low-speed flutter wind tunnel test requirements of a wing
variable stiffness, the 3D printed structural similarity flutter model scheme is adopted, and the local stiffness of the
model is variable by removable local skin design. The structural design, integrated optimization, manufacture and
wind tunnel test of the model are performed. Flutter coupling mechanism and the effects of local stiffness on flutter
characteristic of the wing are studied. The feasibility and validity of the 3D printed flutter model design method are
verified.

Key Words: 3D printing; flutter; model design; optimization design; wind tunnel test; low-speed wind tunnel
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