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Analysis for Movement Characteristics of Pneumatic Impulsive Actuator
for Robotic Colonoscope

Jinhee Lee, Younkoo Jeong, Byungkyu Kim and Jong-Oh Park
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Abstract

A novel locomotion using the pneumatic impulsive actuator was proposed for robotic colonoscope. This
locomotion showed good moving performance in the environment of rigid pipe, however, the displacement
per one impact(step displacement) is greatly reduced due to the low stiffness and high damping characteristics
of the colon. Therefore, the modeling technique based on spring and damping system is studied to predict
the step displacement and some parametric studies are carried out to investigate main parameters that
influence the step displacement of locomotion. Based on simulation result, a new locomotion to control the
resistance force is suggested and fabricated. Through the experiment on the colon, the usefulness of
modeling technique is confirmed and successful improvement of moving characteristics is achieved.
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Fig. 1 Configuration and fundamentals of the actuator
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Table 1 Mechanical properties of the colon

k 643.8 [N /m]
c 2303 [N -s/m]

force-displacement refation

0 : oA
K
>0 /l' .
S 20 /
i /
8

) _// I:
2 4 A & 10 12 4
Displacement(mm}

Fig. 2 Spring constant of the colon
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Fig. 3 Damping coefficient of the colon
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Fig. 4 Colon model with a spring and a damper
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piston before impact
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parameter value parameter value
d, 6mm my 8.15¢g
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v
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No @
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1. Piston dynamics Impact dynamics
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I Colon

Fig. 8 Flowchart for the simulation



1642 olM3 - AAT -
&
w—
£ w T
; -
o S—
£
&
B
. \
gﬂ
g \
P .
° 2 H s

my ()

Fig. 9 Step displacement for various m; masses when
m=8.15 g

Disptacement(ram}

Time(sec)
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Fig. 13 Simulation with coefficient of resistance

Fig. 14 Pneumatic actuator with a insufflating device
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