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Structural Stability Analysis Method for the Main Wing of an Equivalent Model
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ABSTRACT

The advantage of unmanned aerial vehicles (UAVs) is that the performance and capability of the
platform can be enhanced by manufacturing an airframe with various mission profiles of a UAV.
Military UAVs are being developed in various fields, with diverse operational purposes and types.
For military UAVs, it needs to be verified whether the mounting equipment has structural stability
against wind loads. Wind loads are continuously applied to an equivalent model of UAV during
performance testing. Thus, the effects of wind speed conditions on testing should be defined by
analyzing the structural stability of an equivalent model of UAV and the dynamic characteristics of
the main wing. Therefore, this study suggests a standard for analyzing the structural stability of

UAVs and mounting equipment and proposes an engineering procedure to verify that the performance
satisfies for the requirements.
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Fig.2 The mesh shape of the main wing
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Table 1 Nodes and elements of FEM for the main wing

Components Value
Nodes 198919
Elements 90 275

Table 2 Material properties of components for the

main wing

Properties | Plywood VBVZISS SK5 [SCM440 AL%275'
Density [kg/m*]| 719 | 149 | 8000 | 7850 | 2730
mo;ﬁﬂg%’épa] 82 | 27 | 1900 | 2050 | 71.0
Poisson’s ratio| 0.24 0.38 0.27 0.29 0.33

Properties | 43357 | 4114 | 4730 | #4108 | #618
Density [kg/m*]| 1816 1816 1816 1856 1856

Young's 520 | 550 | 100.1 | 202 | 202
modulus [GPa]
Poisson’s ratio| 0.055 | 0.055 | 0.312 0.13 0.15
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Table 3 Material properties of the carbon fiber

Iy [ oy | Components Value
"0 [ ias1rLY 20" |
;:.)H NGIBIFLY. 90 Eéquix*alcnt 25.5 GPa
’f' 43327 1PLY- 90°
~ — mw Vequivalent 0.135
3
Fig. 3 The lamination structure of the carbon skin Pequivalent 1849 kg/m
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Table4 Results of the shedding frequency for
section shapes and wind velocity

. Strouhal Frequency Frequency
Seciion ypEII o o @10 m/s @20 m/s
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Table 6 Results of the harmonic analysis for wind

Fig. 10 CFD analysis results velocity
Table 5 Nodes and elements of FEM for CFD Wind velocity Ma)&fs:;r © | Max. disp ]r?tlcsgvg@r
Components Value 10 m/s 10?4.731%})&1 12.4 mm 7.2 mm
Nodes 166 732 144.2 MPa
Elements 760 078 20 m/s (3.23) 17.7 mm 16.3 mm
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