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The nano-indentation method for analyzing the mechanical
properties of Lepidopteran insects’ wings

XING Zhen-Long™ FU Xiao-Wei LIU Yong-Qiang WU Kong-Ming™*

(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
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Abstract [Objectives] Lepidopteran insects possess strong flight capacity, which is the biological basis for their sudden
outbreaks across different agricultural regions. Flight efficiency and migration distances of insects are mainly affected by the
mechanical properties of their wings. However, due to limitations of wing size, shape and physical structure, an effective
method to detect such properties is currently lacking. [Methods] Mechanical parameters of the wings of three moth species
(Helicoverpa armigera, Agrotis ypsilon and A. segetum) were measured by means of nano-indentation. [Results] The results
show that both quasi-static and dynamic indentation possess the advantage of high spatial-resolution and data reliability, as
well as good repeatability and maneuverability. [Conclusion]  The methods described in this paper will improve our
knowledge of the flying mechanisms and migration behaviors of Lepidopteran insects.
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Fig. 1 Comparison of the wings before and after removed scales
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Fig.3 Schematic representation of indention process (A) and load-displacement curve (B) of cotton bollworm wing
(load control)
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The define of each parameter are: Pmax: The peak load; hmax: The maximum depth; he: The contact depth; hy: The final depth ;
S: The contact stiffness.
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Table 1 Hardness and indention modulus of wing membrane of three moth species (load control)

Mechanical parameters H. armigera A. ypsilon A. segetum
MPa Hardness 142.2+17.1 149.2+29.0 200.5+23.9
GPa Indention modulus 3.43+0.15 4.53+0.33 3.78+0.27

+ mean+SD

Data in the table are mean+SD, the same below.
F2 3IMBFERMANTSAESH (THHEME)
Table 2 Dynamic mechanical parameters of wing membrane of three moth species (ramping dynamic and
quasi-static load)

Mechanical parameters H. armigera A. ypsilon A. segetum
GPa 6.30+0.44 5.0140.23 5.86+0.41
Storage modulus
Mpa 291.3+31.0 244.0+34.2 354.7+43.4
Loss modulus
GPa 6.37+0.44 5.07+0.25 5.94+0.40
Complex modulus
%
4.64+0.49 4.87+0.57 6.05+0.58
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