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Research Progress on Bionics Based on Morphological Structure of Insect (Exoskeleton and Wings)
RAO Ran
(College of Life Sciences , Northwest University , Xi’an Shaanxi 710069 )

Abstract The insect is a kind of old species which has experienced hund reds of thousands of years of environmental changes and formed
adapted construction and function to all kinds of special environment in the longterm evolution. Therefore , It has been one of the bionic objects of great
concern. Fully exploiting insect resources which have special morphology , structure and superior performance and using the principles of its structure to
develop biomimeties composite materials and tools with special performance are of great importance to material science. The paper summarized the
morphology , structure and their principles of body surface of insects and briefly discussed its application fields and value .

Key words insects ;morphological structure ; bionic ;material

R 1.1.2 . Watson et al? .
, o , (AFM) ,
N o , 150~350.200~1 000 nm,
5 N . [410
s N Gorb et al? , s
1 N N N N N o
1.1 ,
1.1.1 o , o
b bl 2
o N 2 o 9’ b
) ) 1973  Rudall ~ Kenchington ,
, ( ) 2 ( )
s s 25.40%,
t, = . 50% .
4 s ,
s , .1986  Hadley 2
o , N , , ( )
o 5 2 o

2012-08-15

266



20

o
,Gunderson  Rebecca Schiavone
)
’
)
9 9
, N
’ ’
,
5 )
,
;3
, ,
)
9 Hepburn (rose chafer)
o
, ,
o
,
7
o
o
o Bouligand
9’
.Gunderson et al®
o
90 , ]
o
’ 9
N N o
; ,
o
[10]
,
)
,
o
)
’ ’
o
[11]
’ o
90° . ,
,
o 2

3.1
3.1.1

3.1.2

«

(2]
o

13 4

N N 5
N o )
N )
o
[14]
)
)
)
)
o 2
)
o
)
N
o
N N
o
. ” [15]
o
« _ )
) )
o
« o )
“ )
)
»
- N
o
N N N
o
[16]
o N
(SEM) ,
N 5
)
o )
) o )
o
[17]
o

267



2012 18

3.2
Gunderson
39%.,
/
4
16181
4
, 150°
119)
166°  140°, ,
[2010
( ) 9
(SEM)

268

[2”0Wagner et al® 97 s
s SM (SM Index,
) 9 SM ’
, ,2004  Conget al™  Chen et al™
R [25]
s 6 24 29
( 136.3°~156.6°)
. Cassie
[26-27]
5
6
[1] [J]. ,

2008,25(2):1-9.
(2] , , _— U1

: ,2001,31(6) :522-524.
[3] WATSON G S,WATSON J A.Natural nano—structures on insects pos—
( 272 )



2012 18

2¢g 1.5¢,1 5d, - 1 °
N s 1 2009—2011
O . ~ ’ g kg % /kg
i 0.3~0.6 mgkg 2009 10000 8850 185 1637 885 125
R 2d, 2010 12000 10596 175 1854 88.3 120
2 2011 13 000 11 895 180 2 141 91.5 110
2.1 2.2
2009 s N 2 °
5—6 3~4 cm s 2 2009—2011 122 641,130 740,
- 8 s 175 ¢ s 135291 ,2011 s
220 g, 90% 52009—2011 1:1.35,
2 2009—2011
/ //
2009 204 625 19 200 26784 6500 18 000 2 000 6 000 3500 122 641 1:1.50
2010 222 480 21 600 32 140 6 500 20 000 2500 6 000 3 000 130 740 1:1.42
2011 235510 23 400 34819 6 500 24 000 2 500 6 000 3000 135291 1:1.35
3 (3) )

(1 o 150~200 g,

, , s 11 150 ¢ s
15°C - 10°C s ,
) o ’ ’ 5 5_6 5 )

(2) o 4

75 mm | 65cm  PVC s [1] . [J]. ,2012(3) :42.

2] . ). ,2010
' ’ : (6):14-15.
’ ’ ’ [3] . [J1- ,2010(4) :56.

. [4] . [J]- ,2009(2):39-41.
S S S S O S S R U R
( 268 ) [16] , , .

sible function of ordered arrays characterized by atomic force microscopy [J]- ,2000,17(3) :59-62.
[J]-Appi Surf Sci, 2004 ,235(2) : 139. [17] , .
[4] VINCENT J,WEGST U.Design and mechanical properties of insect — [J]- ,2002,19(4) :10-13.

cuticle[J].Arthropod Structure and Development ,2004,33(3) : 187.

[5] GORB S N.Walking on the ceiling:structures , functional principles,and
ecological implications[J].Arthropod Structure and Development ,2004 ,
33(1):1.

6] . [D].

,2005.

[7] HEPBURN H B,BALL A.On the structure and mechanical properties of
beetle shells[J].Material Science ,1973,8(5):618-623.

[8] GUNDERSON S,SCHIAVONE R.The insect exoskeleton :a natural stru—
ctural composite[J].JOM,1989,41(11) :60-62.

9] , .
1 ,1994(2):220-231.
[10] , . [J]-
,2006,24(5) :683-686.
[11] , . [J]-
,2003,20(6) :61-66.
[12] , , . 1.
,2004,21(5) :88-92.
[13] , , , - [C].
| 1,2009.
[14] , , .
1] ,2011,22(16) : 1069
1073.
[15] , , Lo - ”
[I. ,2005,22(2) :103-108.

272

[18] GUNDERSON S L,LUTE S L J A.The use of preformed holes for
increased strength and damage tolerance of advanced composites [J].

Journal of Reinforced Plastics and Composites ,1993,12(5) :559-569..

[19] , . 1. .
2012,26(9) :46-51.
Qo] . 1.
,2005,20(1) ;45-48.
[21] , , [J].

,2010,31(3) :421-431.

[22] WAGNER T,NEINHUIS C,BARTHLOTT W. Wettability and contami—
nability of insect wings as a function of their surface sculptures[J].Acta
Zoologica : Stockholm ,1996,77(3) :213-225.

[23] CONG Q,CHEN G H,FANG Y ,et al. Study on the super—hydrophobic
characteristic of butterfly wing surface[J].J Bionics Eng,2004,1(4)
249-255.

[24] CHEN G H,CONG Q,FENG Y, et al. Study on the wettability and self—
cleaning butterfly wing surface[M]//COLLINS M, BREBBIA C.Design
and Nature II. Boston : WIT Press, 2004 :245-252.

[25] , , , .

,2007,52(3) :354-357.
[26] , ,

[J]-

. [J]-
,2011,32(10):2231-2239.
[27] . , - -
1. ,
2010,14(47) :8814-8817.



