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Table 1 The exponential relationship between kinematic

variables and body mass from experiments(®%]

Variable y a b

resting radius /mm 2.65 0.34
mid-segment body

wall thickness of 0.35 0.37
segment 15/mm

annulus body wall

thickness of segment 0.19 0.38
15/mm

resting body length/mm 102 0.34
internal pressure at test/kPa 0.01  —0.003
internal pressure

during longitudinal 0.34  —-0.05
muscle contraction/kPa

internal pressure

during circumferential 0.60 0.04

muscle contraction/kPa
stride frequency/(strides-s~1) 0.25 0.07

stance time/s 1.60 0.04
radial contraction time/s 0.61 0.09
longitudinal contraction time/s  0.80 0.06
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Fig.2 Tensile stress of body wall during deformation
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Fig.3 Static body wall tensile stresses
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Fig.4 Dynamic body wall tensile stresses
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Fig.6 Radius of a middle segment as a function of time
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BIOMECHANICAL ANALYSIS AND NUMERICAL CALCULATION OF
EARTHWORM CRAWLING Y

Liu Fang* Shi Weiping*?) Ren Luquan'
*(College of Mathematics, Jilin University, Changchun 130012, China)
T(Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China)

Abstract Earthworm is a typical multi-body segment and soft-bodied animal. The earthworm crawls forward
by the alternating contraction and relaxation of circular and longitudinal muscles. The setae of underbelly are
important movement organs. The setae are controlled by the special muscles and they can protrude from or
retract into the body wall associating with the movement state. When an earthworm is in the cavity or on the
ground, the setae support its body. When the setae protrude from body wall, the friction will increase; while
when the setae retract into the body wall, the friction will decrease. In this paper, from a biomechanical point
of view we analysis the tensile stress of the body wall during rest and peristaltic crawling, and calculate the
body wall stress and crawling speed for a certain range of earthworm mass. The volume of a segment with the
length [ and the radius r is V = «r2l. The volume will be considered to be always unchanged during the body
wall deformation, then we get dr/dl = —r /2. This shows that with 1% of the circular muscles shortening, there
will be 2% elongation of the longitudinal muscles. Numerical results are almost consistent with experimental
values. We also describe the deformation coupled with a simple friction model during peristaltic crawling. The
dynamic equation of earthworm crawling is presented and calculated numerically. Numerical results show that
the mean speed of earthworm crawling for different masses is consistent with experimental value. Numerical
results also show that the relationship between the mean speed of an earthworm and its mass is consistent with

experimental function v = 3.8 m?-33.

Key words earthworm, body segment, tensile stress of body wall, friction, crawling speed
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