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Caging Manipulation by Selection of Simple-shaped End Effectors
(First Report) Deliberation of Basic Framework and Prototype Development

Rui FUKUI o Yamato NIWA Keita KADOWAKI Taketoshi MORI Tomomasa SATO
(The University of Tokyo)

Abstract— We focus on caging; a means of objects holding and aim to develop a caging manipulator. Caging
can hold objects with only position control, but it needs many actuators in a manipulator to constrain objects
geometrically. This research proposes novel mechanism. In the mechanism, several fingers can be operated by one
actuation unit, accordingly the mechanism can hold objects with fewer actuators than existing manipulators. So
far, a prototype was developed and an experiment confirmed the possibility of object holding with the proposed
mechanism. Then a magnetic field analysis introduced an optimal magnet arrangement for the end effector’s

hanging component.
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Fig.1 Conceptual sketch of caging manipulator with
simple-shape end effectors
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Fig.2 Framework of the proposed system
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Fig.3 Structure of prototype
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Fig.5 Calculation model of required specification
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Unconstrained state

(a) Stable constraint of cube and cylinder

(b) Unstable constraint of high aspect cuboid ~ (c) Stable constraint of high aspect cuboid

Fig.4 Example of constraining objects

42 000000

gobooO0oooooooooobooooobooooon.
oboobooobooobooobooooooooooo
oboobooboobooobooboobooon
gobobbooooooboobbooobooobooooo
gboooooboooooobobooooboo,obooobo
obooboboooooooboooboooobooobobooo
goboobooobooooooboobooobooobon
gobooboobooboooboooboobooon
ooobooobooboooobooobooobooooboog
oboobobooooooboooooooboooooo
ubooooooboooboooooooobao

0000000000 Fig. 6(a)00000000O0OO
ooooobooobooboobooboboooboobooon
oobooboooooobooobboooooonoooao
ooooooOooboobo3c400000000DOOOO

oooooooooooboooobooooooobooooon

Fig. 6(b)00 0000000000000 0OOOOOO
ooboooboooooooooobooooooooaoon
oobooboooooooboooboooooboooon
oobobOooooooobooobbooooooooooon
gobobbooooooboobboooooobooooo
boooboobdobooooobooboboooooboaooo
O0003mm| 000000000000 O0OO0ODOO
oboobooobooobooobooooooooooo
obooboooboooooboooooooobooo
gobooboooboooboobooboooooooo
oood

ubooooooboooboooooobooobooon
oobO0ooboooooooboooboooooooooon
oooobooooooobooobbooooooobooooo
oobooboboooboobooooboooboboooobooo
ooboobooooobooooooooooobobon
oobO0ooboooooooboooboooooooooon
oobooobooobooobooooboooobooobooon
O0000000D00O0Fig. vO0000DDOOOOOO
oobooooboooboooobooobooboooooo
gboooooboobooooooobooocooooon

gobooooboooooboooooooboon
uooooooboo 3sooboooooboooooon”
ELF/MAGIC" 0000000000 O0O0O0OOOOOO

-634-

Desired magnetic flux
== [ cak magnetic flux

Magnet York

|
»
3
0
amEs

(a) Sticking cap magnet

. . b) Attracting 2 cap magnets
to a magnetic material ®) g P mag

Fig.6 Magnetic flux of cap magnet
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Fig.7 Structure of the proposed magnet module
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Table. 1 Required magnet size and volume

Vertical | Horizontal | V/H ratio
force [N] | force [N] [%]

Horizontal
deviation [mm]

Volume
[em?]

Magnet size
[mm]

Without 2.0 69 11 16

20x20x15 6.0

york 3.0 66 15 23

Proposed| 14x14x10 2.0 63 14 22

structure

(each of couple) 3.0 60 21 35

Contour line of magnetic flux Flux direction

York

(a) Without york

(b) Proposed structure

Fig.8 Contour drawing of magnetic flux density
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Fig.9 Structure of magnet module

(a) Maximum vertical magnetic force
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Horizontal deviation [mm]

(b) Horizontal magnetic force

Fig.10 Experimental result of magnetic force
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Fig.11 Leading error of magnet module
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