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Asymmetric Robotic Catapults based on the Closed Elastica for Jumping Robot

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

In this paper, we propose new asymmetric robotic catapults based on the closed elastica. The conventional robotic
catapults based on the closed elastica the authors developed are the robotic elements for generating impulsive mo-
tions by utilizing the snap-through buckling. In a typical closed elastic catapult, the two ends of an elastic strip are

fixed to a passive rotational joint and an active rotational joint, respectively. Here, we found that we could obtain

higher impulsive motions by adding the range limitation to a passive rotational joint which makes the shape of the

elastic strip just before snap-through buckling complicated. The range limitation leads to storing the higher elastic

energy for an impulsive motion without changing the actuator of the active joint. We show the results of theoretical

analysis and numerical simulations which support the effectiveness of the proposed robotic catapults. We also show

that the jumping robot with the asymmetric robotic catapult achieves high performance.
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Fig.1 Shape transitions of conventional planar type robotic
catapults and proposed asymmetric robotic catapult
based on the closed elastica and its impulsive motions.
The shape in the 2"¢ mode has two extrema and the
shape in the 3% mode has three extrema
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Fig.2 The relation between shape of the elastic strip and con-
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Fig.3 Deformation of an asymmetric catapult type

2008 £ 5 A



366 [TV S L 4 E %

L h. MEKE (1 =0) O&E, Fig.3(a) IIRT LI,
EREHEW LD 2. > 0, yo > 0 OHEAICEMA p. VWHEET
BEI O FRELLEEEEXD. 20L&, R (10) &
D, BEDPS p. ~NOMENZ bV EBEHEROHERIRS b
WARTETER S, TRy A& OV b0 R E o PR
T4 DHREHRPOR ST L THVOT, EHOERITMR 5
NAWEHRTZ PV X D x FAKS M EEICATHS. Lo
T, MPREICBY 2HESIR2Z PV X i3 Fig. 3 (a) IR
XIIRBDT, A BENEEZLEL. X (8) &7 MVOK
SFERACTRERT S ERNERD.

To + T3 = —ZTaA2. (11)

ot (11) &b, MERE (10=0) TEHEIVI 1313
ETH5IEDH0 5. RICEBMAE * MRS OREHE Y
WCERB L, FIRFEEHWAHF OB E @S ERIOH L THRRE
RICERL-BEELE LS (Fig. 3(b). 7o \LEEBIBIET % ket
EYICEHELTVWALXREICATHALILILEETDE, 2
Dk &, WRFHYIITHEFER L FAEICK (7) ZHETHD
T, 13 WEDEEES, F72, X Q1) &Y A =0 2T
WA N IHERFERYOLR L RICELT S, RIS P
DEME Ao = 0 I IHRFHRWIWHIEIRIC R 72 ZIIHWDT
B WDODT, Ao #EDHIEICELEE S I IEHIRTEY
B ERREERBR L TREL RV, FhwWw i, HREEY
DAY S HTRIC R 5 T TOM, A IEICADEL L
5. kot (11) &0, #HRFEEWIWHTKS O FHFAK
W BITOM, 3 XEICEDERZ LS. LML, BEHEIDIC
BT 28 8IC3EIC 70 PETHLILIZEETSHE, B
B Yo <0 &% 5 &) ICHEHEEROWRAE 0up ZRETL
EAIE, R (10) XY X BIEEE220T, HRFRYIZ
WK 2 & R WATREME DS H 5.

HAREHRY MR D S W HFARIC T 5 T THEHHLR
OWEINVY 73 OBFFH—ETHHILICEBRTIE, 3 &
REXELEDIIZOBOE—F ZAETHLEIR L, O
BHEICHR AR - ZBEG AT 5 2RETHILENT
X%, FZTABTIE, HBELHRY x BE 2 TAEDN 0 2D
Buip T T EIEEHIFR % 3%1F 72 FBHRAEN IS EE S N TE RO
BV —TEHEA ISV ERETS, BEYIaL—YvavE
FAWTRD 7 IE BB L — TR A ¥ /%)L b OFIRFEHRY O
ERRKE Fig. 4 IORT. YIalb—Yaryngx—%ig, )
Y7 OBEHE n =30, WaRESE zs=015[m], &) Ik

maximum torque shape
initial shape

elastic strip

active joint

NS
snap-through

buckling shape range

timitation
final shape

Fig.4 Stick diagram of an asymmetric catapult type
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Fig.5 Driving angle 6y vs driving torque 7o of a asymmetric
catapult type
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Fig.7 A prototype jumping robot
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Fig.8 A rubber sheet attache to the elastic strip
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Table 1 Parameters of a prototype jumping robot

Robot parameter Value
Mass 30[g]

Body length 170 [mm)]
Body height 90 [mm)]
Body thickness 50 [mm]
Elastic strip length 200 [mm]
Elastic strip width 12 [mm]

Elastic strip thickness 0.20 [mm)]

link length 23 [mm]
elastic strip position
before snap-through buckling main frame
AN / .

free joint with
limitation

offset

rotational
range

elastic strip position i
after snap-through buckling

Fig.9 Passive joint with rotational limitation
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Fig.10 Active joint with considerable offset
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Fig.11 Initial shape of a jumping robot
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Fig.12 Stick diagram of a jumping robot
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Fig. 13 Driving angle 6 vs driving torque 7o of a jumping robot
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Fig.14 Driving angle 6y vs stored elastic energy K(0) of a
jumping robot

May, 2008



BT Ry MO0 DIV — TFEKA 5%V b 369

y BTS2 £, LoTR (16) 2MET 2K, T42b
5EEITARIZ BT Fig. 11 158 T po & pe O EBIGEO &
X, )y BOBRBIBMERE % OB A0 b mEHIRA X 26
MEZ AT 52 LD TED, BIRERWOLET % Fig. 12 1<
AT, K&, BEuRy MoFo) vy RO BRI & HEn

HIRRAT = ZEHBIETAEE 1 & 0, AR L & D MRS
ERCTEL I ENGH 5. Fig. 13, Fig. 1412, 2R L 2Bk
TRy b EGERO G, MymSRENENIC DWT, BEBHRIET AL IS
A EREN RV LRI AV F— DB E FNFIRT. EX
MV ORKELZFLLTHERLAGES, RETSED

Fig.15 A series of photos of jumping motion of a jumping robot using high-speed

camera

Fig.16 A series of photos of a jumping robot that leaps over 700 [mm] away
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