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A shape simplification modeling of the cambering in insect’s flapping wings using beam and shell
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In this study, a shape simplification modeling of insect flapping wings is proposed in order to reveal the mechanical roles of
the veins in their cambering, since it seems to be unclear how the elastic deformation of insect wings caused by the acrodynamic
force results in their camber. In the proposed modeling, the veins are divided into the areas according to their functions, and the
macroscopic constitutive relationship in each area is described using the corresponding beam. Furthermore, the wing membrane
supported by the veins is described using a rectangular shell. The aerodynamic pressure dominant in the cambering is considered
in the static deformation of the model wing. The finite element analysis taking into account the geometric nonlinearity is applied
to the proposed model with the setup consistent with the actual insect. As the result, the mechanical roles of the veins in the

cambering of insect flapping wings are revealed.
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Fig. 1. Schematics of the flapping model wing. The red lines
indicate the beams representing the supporting areas at the leading
edge and near the trailing edge. The blue lines indicate the beams
representing the significant veins distributing in the intermediate
area between the supporting areas. @ is the stroke angle, ¢ is the
flapping angular displacement, and 6 is the feathering angle.
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Fig. 2. Time history of the flapping angular velocity. @, t,, and @y,
express the stroke angle, the acceleration time, and the maximum

flapping angular velocity, respectively.
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Fig. 3. Evaluations of the camber and the torsion. The black solid
lines indicate the wing chord. The black arrows indicate the

direction of the flapping motion.
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Fig. 4. Schematic view of a hoverfly’s wing. The significant veins
are drawn using the bold solid lines. The gray areas are the major
supporting areas ®”. The veins are highlighted using colors to

specify their dimensions .
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Fig. 5. Shape simplification modeling of insect wings. R, and ¢,
express the wing span and chord lengths, respectively. The wing
membrane is discretized using the triangular shell elements, which
is colored using green, while the beams corresponding to the veins
are highlighted using the black bold lines.

Table 1. Analysis parameters of the shell representing the wing

membrane.
Ry, [mm] Cy [mm] By [mm] E., [GPa] Vin
11.3 3.11 2.0 1.0 0.49

(R,: wing’s span length, c,,: wing’s chord length, /,,: thickness of
wing’s membrane, £,,: Young’s modulus of the wing’s membrane,

vi: Poisson’s ratio of the wing’s membrane)
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Fig. 6. Deformation of the model wing in the base case. The color

contour shows the magnitude of the displacement in the z-direction.
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Fig. 7. Displacements in the z-direction of the wing’s chords at the
positions of the 50% (black line), 70% (red line), and 90% (blue

line) wing’s span length from the wing’s base.
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Fig. 8. Camber distribution in the base case (membrane thickness
hy =2pum: black line) and the other membrane thicknesses (%, =
3um: red line, /1, = 4um: blue line, /4, = Spum: green line). The
horizontal axis shows the distance from the wing’s base along the
wing’s span-wise direction divided by the wing’s span length, and

the vertical axis shows the camber.
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Fig. 10. The deformations of the model wings. The color contour

shows the magnitude of the displacement in the z-direction.
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area (Case2).
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Fig. 13. Displacements in the z-direction of the wing’s chord at the
positions of 50% wing’s span length from the wing’s base. The
black line indicates the base case. The red line indicates the case
using the torsional stiffness 10 times smaller than the base case. The
blue line indicates the case using the torsional stiffness 10 times

larger than the base case.
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10 times smaller than the base case. The blue line indicates the case

using the torsional stiffhess 10 times larger than the base case.
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