g Pneumatic Group Actuators
We will present the concept of group actuators
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Composed of Multiple Single-motion Elastic Tubes
o Shinichi Hirai, Tomohiro Masui, and Sadao Kawamura
Dept. of Robotics, Ritsumeikan Univ.

Abstract - In this article, we will develop pneumatic actuators composed of multiple elastic tubes. FElastic
tubes with mechanical constraints have a capability of performing a single various motion while multiple

motions cannot be performed. Actuators composed of single motion tubes can realize multiple motions

by controlling air pressure imposed on individual tubes.
and will develop their prototypes. We will demonstrate the behavior of two prototypes; single-stage group

actuator and double-stage group actuator.
keywords: pneumatic, actuator, motion, deformation
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(a) constraints  (b) 0.06MPa  (c) 0.12MPa

Fig.3: Single motion actuator XF-CF

(c) 0.10MPa

(b) 0.05MPa

(a) constraints

Fig.4: Single motion actuator RF
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Fig.5: Eccentric rubber tube
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(c) r180XF (d) r180XF-1180XF

Fig.6: Results of FEM simulation
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(a) Single-stage (b) Double-stage

Fig.7: Prototypes of pneumatic group actuator
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(a) tubes on fixed plate (b) tubes on middle plate

Fig.8: Tube symbols
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Fig.10:  Topologically different pressure pat-

terns of double-stage group actuator

F20rF30s10s20s3 b0 0doaooaooaoan

gbooboobobooaoboboobboaoboaboa

ooooOobOOoooooooboobbbOobOOFig9

gbbbobooooobooooboooboobbaoooao

ugbooboobobooboobobooobaogo

uboagbooobooaobobobooaoboaoboaboo
gbooood

ooooooo 4 gboobooabood

ubogbooaobooboooobooboobogoboao
ubooobogbboobooooboobobboboaao
ubo0rigre-F30000000000O00O00O00O00O00O0
U Fi-F2-F3000000000O
gbobobogbooboobooboobobooboao
O0Figl0O0O0O0O0OO0OOO0OOO0OODOOOOOODOO
uboobobogoooboobooboooboobooboao

gobd20000000000000000000O0
ubobdgorFe-F30 F23000000000000
good gbooboooboaoboaoboaboo
U rFi0Or230s10s2300000000
goboodn F1-s230F23-S1 000
guoboboobbogbobogao
ubbodofbd F1-s10F23-S23
ugbooabood
gbooaoo
-S20F23-F12
gbooaoo
goood
googoo
23-s523 0

u
u
u u
u u
F

20F2

o s e 0
OoOgogood

u
u
u
u

OoogoooOoog
T |

u
u
u u
u u

u goo

u goo
u F s120

u good
gbobboobooaobooon
S1230F123-s1230 0000
-51230F23-51230 F123-
gbooobooabood

]
w O
O

ODdoooooooooogogogdg
-

o e e
oooOooggoooooooodg

0000wy
ooooy
OO0 Own

@
ODooO5gog0®wd
O000m0O0
oDooo
oDooo
oDooo

u uo
u uo
u uo
u uo

Oood
Oood
Oood
Oood
Ooogd
Oood
OooOogd
OoOogd
OoOogd
OoOogd



—
)
s < g
A Ay Ay £
=== &
0 O D ~— [N}
S 33 g s
o o O ™
e a2
— = &b
£ = %
Z 3
+~
w0
K
2
S X < o
oA 2 =
=2 2 =T = s k)
~ o O = QO L&
S 2 2 E — 8
c o oS = © i
+~
Q =} <
= = g
= a A
2 = &
o0 —
& o0
S 3 m .
A Ay Ay os_w
= =22 ©T 5
D DD D ~
SR £ O O O O
S G oooo D00000000d 00000g00S0g0o0o0o0 0000 OO0
© oooog oDUogXYoood 00o0o00®Roodogoiood ddxq0 ofigo
8 Oooo DoooSoooo DDDDDMDD@DDDDDD Ofsg0 02 2g0
> oooo 0DO00dgooo0od 0000B%ggX0goood o3 g0 D%MDD
= oooo D00dgooOdo 00o0R0g?o0p0o00oog8L 0 034500
s oooog D00 ggnoooo0 O0zo0000pb ogpoooooosg oo OD0gpO
. = o oDooo D00 EnDD00 Ox0000pl - o0g0odddogLC0 O0O5g0
oA A — oooo Doo3goooo DJDDPDDDDDDDDDDDDDDDD mE
Wmmm = m oDooO ODO0Ogqgoooo D@DDMMDDDDD%DDDDDBDDD ODogg0
gs s — oooo ODO0oOggoood DMDD%DDDDDDMDDDDDMDDD ODRgo0
SERS IR ooood OOogogooOog DDDDODDDD%D%DDDDDQDDD OOgo0
ooooo D00 Egpoonn 0 0bBo gl ogosogoook B0 ofggo
oDoooo DDDMDDDDDDDDDDD@DDDZDD@&DDDMDDD ODO5gO
ooooo 00o0Snpooo0og0Rofod Bk a3 ooo=E00 ofggog
oooog DDDDDDDD@DD%DDM@DDDMDSHFDDDD 00 Ongo0g
s = = ooooog Dodgoopooyooaod o0 FDM@DDDDDDDDDDDDDDD
oA A ooooo DDDDDDDDJWDDDDDDDDDDDFFDDDDDDDDDDDDDDD
22 ooooo DDDmDDDD@ZDDDDDDDDDDDDDDDDDDDDDDDDDDD%
288 <= oDoooo jooofofoo~oooofgogffoooogoonofooboozgoe
S S s Doooo Slooo~0gooooooofgo 0l o000 googoZossoo&go®
o a o ODOoOoO00 S|000ookO00o0oodo00 0f0000E0DR040T® 02550
Eof B Oo000d [|0000000000000200,020000000 902020 o0~ ~5 0
ooooo DDDDDDDDDDDDD%DDBD%DDDDDDDFDH)@DFDO@@D
00000 < 000000000 O0cScODd0wdsOOdOOOoNOoO O3SEO OO00KO



(e) 0.09MPa (f) 0.10MPa (g) 0.11MPa (h) 0.12MPa

Fig.13:  Bend motion of double-stage group actuator
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Fig.14:  Translational motion of double-stage group actuator
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