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Mechanics of Jumping via Body Deformation

Yoshinari MATSUYAMA* and Shinichi HIRAT*

*Ritsumeikan University, Dept. of Robotics
Noji-higashi 1-1-1, Kusatsu, Shiga, 525-8577, Japan

O As jumping is an effective method of moving over rough terrain, there is much interest
in building robots that can jump, and deformation of a soft robot’s body is an effective
method to induce jumping. Our aim was to investigate the effect of the initial shape of
deformation of a circular shell made of spring metal. The dish shape jumped the highest
in eight initial shapes of deformation, with the dish jumping twice as high as the cap. The
jumping height is determined by impulse, time and the center of gravity until taking off
from the ground. A simulation of a model was in good agreement with the observations.
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Fig.1 Principle of jumping by deformation
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Fig.2 Flexural Voigt model around shell particle
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Fig.3 Model of ground
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(d) dish shape
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Fig.4 Initial shapes for jumping
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(a) cap shape (b) cup shape  (c) peanut shape  (d) dish shape

Fig.5 Effect of initial deformed to jumping height
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Fig.6 Successive images of cap shape jumping
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Fig.7 Successive images of cup shape jumping
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Fig.8 Successive images of peanut shape jumping
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Fig.9 Successive images of dish shape jumping
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Table 1 Jumping height

experiment [mm]| | simulation [mm]

(a) cap 480 457
(b) cup 670 669
(¢) peanut 970 980
(d) dish 1180 1171
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(a) Oms (b) 8ms (c) 13ms
o~ TN\

(d) 15ms (e) 20 ms (f) 25 ms

Fig.10 Successive images of the cap shape jumping
by simulation
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Fig.11 Reaction force from ground
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Fig.12 Impulse from ground during jumping
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Fig.13 Initial shapes for jumping
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Table 2 Ground contact time and average of reac- z .
tion force during jumping 224 Coo
shapes gzz o
D E C G F B H A £ E}QD D&
EE=NIEE =] = = £ 2 SHTTRSS =
Ol oMo/ A b | M 18 E=
jumping height [mm s
jumping height [mm] 216 S &
1117 | 1001 | 981 | 777 | 713 | 669 | 654 | 457 g .
© 14
(1) (2) (3) (4) (5) (6) (7) (8) 0 M 12 13 14 15 16 17 18
average of reaction force from ground [N] ground contact fime [m]
206 | 1.79 | 249 | 1.49 | 194 | 2.08 | 1.96 | 1.55 | Fig.14 Relationship between ground-contact time
and average of friction force during jumping
@) | 6) | W)@ 6] @0
ground-contact time [ms]
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Fig.15 Circular soft robot with built-in battery
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