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Development of high performance composite materials based on the structure of
beetle upper wing
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The purpose of study is to construct design guidelines for composite
materials with compatibility of strength / rigidity and light weight based on the structure of
beetle upper wing, and develop high performance composite materials. The cross section structure
observation and the uniaxial tensile test were carried out on the Heracles beetle upper wing, and it

was found that the upper wing structure has a three—laﬁer structure, suggesting that the
load-displacement characteristics of the upper wing with different collection angles has anisotropy.
Numerical analysis model simulating the structure of upper wing was prepared and its effectiveness
was demonstrated by damage evolution analysis. Cellulose nanofiber (CNF) -reinforced composite
materials was prepared, and uniaxial tensile test was carried out. It was revealed that the
load-displacement diagram showed nonlinear behavior and the modulus of CNF-reinforced composites had

the dependence on CNF additive amount.
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Fig.1 CCD image of a cross-section for DHH
wings
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Fig.2 Load-displacement diagram of DHH wings.



Chitin layer direction

Fig.3 CCD image of fracture surface for DHH
wings.
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Fig.4 Finite element model of a cutting angle 0°
and failure mode of element for damage
development analysis.
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Fig.5 Normalized strength versus specimen angle

plots for experimental results and simulation
results.
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Fig.6 Surficial SEM photograph of CNF
reinforced waterborne epoxy ester.
CNF wt. content: 0, 20 wt.%
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Fig.7 Example of load-displacement diagram
under tensile loading for 20 wt. % CNF
reinforced waterborne epoxy ester.

Fig.8 |2 CNF il (2.5~30wt.%) (%9
L% v TROEALOFEREZ AT, CNF IRINE
BHEMT5E B 7R REEMLE. F
72, CNF IRINED 20 wt.%lL T Th 554,
YU T RITRECTENT 5. —J T, CNF
WINE 30 Wt.% TlEv o 7 Ras Ao #ahn4
HEM AR S 7=, 2L, CNF THERk S
Nz 3w x vy bU— 7 &0tz
kv EtEBEZLND.

1500

’ /]
1200
%00 | /
600 | | /[/

300

Young’s modulus (MPa)

0

0 5 10 15 20 25 30
CNF weight percent (wt.%0)

Fig.8 Relationship between Young’s modulus and
CNF additive amount.
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