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A Robotic Catapult based on the Closed Elastica with
a High Stiffness Endpoint and Its Application to Swimming Tasks

Atsushi Yamada*!, Masamitsu Watari*!, Hiromi Mochiyama*? and Hideo Fujimoto*!

In this paper, we propose a new robotic catapult with a high stiffness endpoint. The conventional robotic catapults

based on the closed elastica are the robotic elements for generating impulsive motions by utilizing the snap-through

buckling. In a typical closed elastic catapult, the two ends of an elastic strip are fixed to a free joint and an active

joint, respectively. Here we found that by adding only the high stiffness at the free joint, compared to the con-

ventional type, more elastic energy can be stored and release surely without loss of a characteristic of generating

impulsive motion repeatedly. By utilizing the proposed robotic catapult based on the closed elastica with a high

stiffness endpoint, we develop a novel swimming robot which can swim not only continuously but briskly from a

stationary state.
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Fig.1 Shape transitions of planar type robotic catapults based
on the closed elastica and its impulsive motions. The
shape in the 2nd mode has two extrema

Y

Lq

assive rotational

-

.
- ---}({ elastic joint

elastic strip
i Pol

active rotat‘i\onal IIV 6o ,’
joint N/
-
B,
01
4
Po PN 0o
4
/7

Fig.2 The relation between shape of the elastic strip and con-
straint forces of the robotic catapult
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Table 1 Maximum acceleration of each marker

marker a.-p. type high stiffness type magnification
1 350 [m/s?] 350 [m/s?] 1.0
2 480 [m/s? 740 [m/s? 1.54
3 420 [m/s?] 730 [m/s?] 1.74
4 260 [m/s2] 530 [m/s?] 2.04
5 130 [m/s?] 310 [m/s?] 2.07
6 50 [m/s?] 120 [m/s?] 2.40
7 20 [m/s?] 20 [m/s?] 1.0
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Fig.13 Front and bottom views of the impulsive swimming
robot
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Fig.14 Experimental system of fin motion

Table 2 Parameters of the impulsive swimming robot

parameter value  unit
Body Length 300 [mm]
Weight 0.32  [kg]
Driving Freq. 1.0 [Hz]
Elastic strip length 305 [mm)]
Elastic strip width 5.0 [mm)]
Elastic strip thickness 0.50 [mm]

|

Distance between the two joints 257 [mm
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Fig.16 Acceleration of the markers attached to the elastic strip
of the high stiffness endpoint type in water
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high stiffness endpoint type in water
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