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Mechanics of Jumping via Body Deformation

Yoshinari Matsuyama® and Shinichi Hirai*

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 deformed shape of deformation of a circular shell made of spring metal. The dish shape jumped

the highest in the initial shapes of deformation, with the dish jumping twice as high as the cap. A simulation of a

model was in good agreement with the observations. We showed that the jumping height is determined by impulse,

time and the center of gravity until taking off from the ground.
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Fig.5 Successive images of cap shape jumping
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Fig.6 Successive images of cup shape jumping
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Fig.10 Experimental system of measuring the flexural viscous
constant

0.1
displacement  ——

+0.45 exp 017t ===

0 “HUU m“ g
7

displacement [mm]

-0.05

10 12 14 16 18 20 22 24
time [s]

Fig.11 Experimental result of damped vibration by spring
metal
, fground
Pw\ T Pk
/5
X
Pj (x;,3) ground

Fig.12 Model of ground

oobcoboooooobcoboOoooooOooOobOobObooOooOoo
000000 voigtOOOOOOOOOOODOODOOO0O000
O000ooooo oo y=0000000 P;0 yO
Oy, 0000000000 yO0O0O0OOOOOOOOOOOO0
0000000 kgrownd0 00000000 bgrouna D 0000
P, 0000000000000

fground = _kgroundyj - bground:’;’j 030

000000000000 0000000000000000
0000000000000 00000000 2000000
00000000000 P;0 0000000000000
00000000 p00000P, 000000000000
Kfgrouna 0000

4.5 000000000 OOOOOOOOO
0000000000000000 Fig. 13000000
O0FE=206[GPa] 000000000000 Rpex=6.9 x
1074 [Nm?000000200000000000000000
D00000000 Upex =4.4x1072 [Nm|]OOO00D0O00
000000000000000000000000000000
Fig. 13-(a-1)0(b-1)0(c-1)0(d-1) O Ugex =8.77 x 1072 [Nm]O
Fig. 13-(a-2)0(b-2)0(c-2)0(d-2) O Ugex =12.3x 1072 [Nm]O
Fig. 13-(a-3)0(b-3)0(c-3)0(d-3) 0 Upex = 16.0 x 1072 [Nm]

JRSJ Vol. xx No. xx

o o0 o0 o0

i

.@?

|
a-2
(a) cap shape
. E
- d
(b) cup shape

(c) peanut shape

(d) dish shape

Initial shapes for jumping

e

bt

(d-1)

Fig.13

000O0O00000O0O 4000000 ig. 30000 4000
oooooo

Fig. 300000000 0OCCOOOOOOODODODOO
gdo0o0ooOoooUooobooo0e4bODOOOOOOoOoOog
0oo0o0booooooobooooooboooooooooo
00000000000 o0.074g0OUUU0 h=4.9[mm],
000000 kpena=0.1417 [Nm/rad] 0 000000000
0000000000000 byena =0.00002 [Nm/(rad/s)] O
000000000 OoUo0OoOoOoOooOOUODOOUODOD
gfdoobobooooobooobbooooogooooooo
0 kgrouna=1.0 x 10°[N/m]00000000 bgrouna = 1.0 x
10°[N/(m/s)|00000O 030000000 05000000
0ooooooooobooooooooooboobooooooo
00000 0o0ooUoUooooooUoooooooooooog
0 Table 1000000000000000 Fig. 13-(a-3) O
0 (d-3) 000000000 0Fig. 13-(a-3) 0 00 cap shape
00000 457mm]0000000 OFig. 13-(d-3) 000
dish shape 00000 1171 [mm]|00000 2500000
0d00oO0o0o0oooooooooooooooooooog
oo0oo0o0o0oUooooOo0oO0OoOoUOOoOoOOoOoOoOooOo
O000000OFig 13-(c-1) 0000000000 015.8%00
O0OFig. 140 capshape 00 OO0 O0OO0O00OOOOCDOO
Joodooboobooooooooboboobobbooooo
oo0Doooobboo0oooooooobbooobooono
00do0ooOooOoooo0oOoOooOOoOoUooooooOoooo
000000000000 oooobooboobooooooo

xx, 200x



goooooooOobOoooo 5

Table 1 Jumping height

experiment [mm] | simulation [mm]

cap shape

(a-1) 270 271

(a-2) 410 382

(a-3) 430 457
cup shape

(b-1) 260 272

(b-2) 490 483

(b-3) 670 669

peanut shape

(c-1) 550 462

(c-2) 800 771

(c-3) 970 930
dish shape

(d-1) 570 495

(d-2) 920 876

(d-3) 1180 1171

(a) 0[ms] (c) 13 [ms]

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

Fig.14 Successive images of the cap shape jumping by simula-
tion
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Fig.15 Reaction force from ground
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Fig.16 Impulse from ground during jumping
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Table 2 Conversion of flexural potential energy into gravita-
tional energy

Flexural Potential Conversion ratio %
Energy cap | cup | peanut | dish
1:8.77x10"2[Nm] | 39.3 [ 39.4 | 66.9 |71.7
2:12.3x10~2 [Nm] | 30.6 | 38.7 61.7 69.9
3:16.0x10~2[Nm] | 25.1 | 36.7 53.8 64.3
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Fig.18 Initial shapes for evaluation of jumping
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Table 3 Ground contact time and average of reaction force dur-
ing jumping

shapes
E C G F B H A

— Y] N e | Y]
el A s R ESE AN

jumping height [mm]
1117 | 1001 | 981 | 777 | 713 | 669 | 654 | 457
OEECEIORECEECENCENGENC

average of reaction force from ground [N]
2.06 | 1.79 | 2.49| 1.49 | 1.94 | 2.08 | 1.96 | 1.55
ORNEONEORRONIOREORRORNNY;
ground-contact time [ms]
15.2 | 16.2 | 11.1 | 16.9 | 12.6 | 11.4 | 11.9 | 12.7
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Fig.19 Relationship between ground-contact time and average
of friction force during jumping
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Fig.20 Circular soft robot with built-in battery
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