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Bending Characteristics of Inflatable Tube Bioinspired from
Clanis bilineata Larva
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Abstract: The body wall structure of Clanis bilineata larva exhibits a strong stability under bending load.
This characteristic prompted the development of a new inflatable tube to improve the stability under
bending load. The Clanis bilineata larva was chosen to observe the connection between its body wall and
nearby muscle tissues, as well as the distribution of these tissues, by using the tissue section technique.
The Clanis bilineata larva can be simplified as a telescopic cylinder with folds and depressions. A large
number of axial muscle tissues were found on the inner cylinder, which were uniformly distributed near
the cylinder and divided into several sections in the axial direction. Between adjacent sections, a close
connection to the body wall was formed. The distribution of the circular muscle tissues was relatively
dense, and the distribution in the reticular structure enhanced the mechanical strength of the whole insect
body and improved the stability of the structure. This structure simultaneously became a barrier to reduce
impact from the outside world on the internal organs and ensured the normal physiological activities of the
Clanis bilineata larva. Inspired by this, an inflatable tube with reinforcing ribs was designed. Simulation
using the finite element method and experimentation were employed to analyze the bending characteristics
of the inflatable tube with and without reinforcing ribs under different pressures. Results indicated that
the ultimate load of both inflatable tubes was increased linearly with the increase of pressure; the
existence of reinforcing ribs can improve the bending characteristics of the tube, at the same time, the
simulation results showed that the bending capacity of inflatable tube with reinforcing ribs was stronger
when loading at 45° angle than that at 0° angle, both of which were higher than that without reinforcing
ribs.
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Fig. 1  Clanis bilineata larva

1 7

2 AL U
Fig.2  Sectional drawing of a tissue near axial body wall
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Fig.3 Sectional drawing of a tissue near axial body wall
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Fig.4 Sectional drawing of a tissue near circumferential wall
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Fig.5 Sketches of inflatable tube
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Fig.7 Picture of inflatable tube under transverse loading

3 HR5WRR

3.1 RSEMELER

11 kPa & 7 F 78 B RS HBARE HIR = 0
TR, I B, B LA 11 kPa 1 785 F1 g 49 %
P B R AT 3 Mo B8 Sy 0° g i i 78 <A
(1L 73 25 P&, L 73 2 1] P S a1 R i DX 3 1) B2 g 4%
S U, T 3 X IR R A2 N A R A X
DX 3ol B, A AT 70 A Y T A e, R RO R A



402 Kok HLOB ¥ R

2017 4

OB B S T T i 32 S S A D A2 T
SR TTHY B T, 3 8 DX I A Hy IR

(b) EHLE

(a) ZEARE
B8 O° i mlin i 5 U 1 =

Fig. 8 Stress nephograms of inflatable tube with

reinforcing ribs under loading at 0° angle
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Fig.9 Local views of fold region
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Fig. 10 Stress nephograms of reinforcing ribs
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Fig. 12 Curves of transverse loading
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Fig. 13 Curves of transverse loading of ordinary

inflatable tube under different pressures
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Fig. 14  Polynomial fitting result of pressure — limit

load of ordinary inflatable tube
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tube with reinforcing ribs under different pressures
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