24 2 4 2007

Ada Maeaiae Gnpatae Snca vd.24  Na2  Apil 2007

: 1000 3851(2007) 02 0092 07

( , 210016)
4 ( )
) 4 )
, 4
9.08 8.21 4.76 6.00 GPa, 0.4 0.48 0.18 0.18 GPa

46.43 7.38 11.34 mN/ mm

TE332 ;A
Measurenents on nmechanical paramgers and studies on mcrostructure of dytrain bedles

YANG Zhixian , WANG Wdying , YU Qnggng , DAl Zhendong’
(I'nstitute of Bo-inspred Sructuwe and Surface Eng neering, Nanjing Univerdty of Aeronautics and
Astronautics, Naning 210016, Ch na)

Abstract :  The mechanicd parameters and mcrostructures of the eytra were studed for four kinds of beetles
( Pacsia( Liocd a) brevitardaslewis, Cybhge, Allomyrina dichadoma, Holdrich atrichophora) . The eytras
mcr ostruct ures i n cross- sections showt hat the dytra are conposed of the compact dorse, t he hdlow section andt he
ventrd face, the chitin fibre hdlow- pillar struct ure connects the conpact dorse and the ventra face, and the e ytra
couple each other with the concave- convex structure. The Youngs nmodu us and har dness of t he d ytra measur ed by
the Nano I ndenter SA2 ( MTS) ae9.08, 8.21,4.76,6 .00 GPaand 0 .44, 0 .48, 0.18, 0.18 GPa, respectivdy .
Coupling farces bet ween the dytra measured by a Mutifunctiona Test Machine are 46 .43, 7 .38, 11 .34 mN mm
for Paaosa( Liocda) brevitaraslewis, Cybger and Allomyrina dichatoma . The research provides biom netic in
for metion for light structure designs .

Keywards: dytra; mechanicad parameters; the hdlow- pde; t he concave- convex structure; coupingintendty
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The dorse of elytra

100 um

(a) P, brevitarsis lewis

The hollow pillar

(b) Cybister 100pm

The hollow section

The ventral face of elytra
100 um

(¢) Allomyrina dichotoma

(d) Holotrichia trichophora
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Fg.2 Comparison of the cross sections in 4 beetles elytra
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Fg.3 Comparison of the el ytras thickness
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(a) The coupling area between the elytra (b) The middle area (c) The dorse

4 SEM
FHg.4 (Qoss sections of the cybister s el ytra (SEM)

oncave-con

5 (SEM)
FHg.5 The mcrostructures of the coupling area of the cybister s elytra (SEM

1 4 , 3
Table 1 Conparison of the data far hardress and nodu us 2
Hardness/ Modu us/ 2 3
Beetles Samples Repeats
GPa GPa Table2 The data of the coudi ng irtersity of the elytra
P.brevitarsis 0.44+0.10 9.08x£0 92 2 34 Coupling i nte nsity/
. Beetl es Sammples Repeats
Cyhister 0.48+0.10 8.21+0.70 3 52 ( MmN mm- 1)
A .dichotoma 0.18+ 0.09 4.76+ 0 54 3 55 P brevitarss 46 43+ 12 > 8
H.trichophora 0.18+ 0.09 6.00+£ 0 60 2 32 Cyhister 7 28+ 4 3 21
A .dichadoma 11.34%5 2 14
2.4
10 ,
0.8 g/lcm +0Q 015¢g/cm’, 3
0.80g/cm +Q 03g/cm
2.5 , ,
4 )
160 mNz= 20 mN, 11 ;
660 MmN £ 50 mN, 54 ; ,
400 mN £+ 20 mN, 7.5
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FHg.7 Comparison of the elytras dfferent areas modulus
6 Samples: N=2; Repeats: n=3x 3
Fg.6 Conparisonof the elytras different areas hardness
Sanmple: N=2; Repeats: n=3x3
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Fig.8 The meshed way of both elytrall6l
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