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Fire-Resistant Torus Gripper using One-Dimensional Variable Stiffness Mechanism
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Able to grasp objects of any shape and size, universal grippers using variable stiffness phenomenon such as
granular jamming have been developed for disaster robotics application. However, as their contact interface is mainly
composed of unrigid and burnable silicone rubber, conventional soft grippers are not applicable to objects with sharp
sections such as broken valves and glass fragments, especially on fire. In this research, the authors proposed a new
method of variable stiffness mechanism using a string of beads that can be composed of cut-resistant and incombustible
metals, arrange the mechanism to form a torus gripper, and conducted experiments to show its effectiveness.
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Fig. 2 Basic concept of Fire-Resistant Torus Gripper
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Fig. 4 Cut-resistant Omni-Gripper
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Fig. 5 Examples of variable stiffness jamming phenomenon
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Fig. 6 Buckling of granular jamming
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Fig. 7 Principle diagram of proposed
One-Dimensional Variable Stiffness Mechanism

Fig. 8 Proof-of-principle model of
One-Dimensional Variable Stiffness Mechanism

No. 19-2 Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, Japan, June 5-8, 2019
2P1-E08(2)



3. P3R5 vIHBEOCERIL
31 1 R ERNEZFALE =55 ) v\lEOERE

MR T — LTI, 1 IROCRRIEIE A 1 = X A& Rz JE
~EEERIOICELE LT N — T AR EE T 5 2 & THAIM A
ORFRIREZRMHBIAINE 7Y » % B R L CTE-[17]. AFFRETIE
INE R L, MR~ S Ol b 2 D 5

X 9 (Z/INRIERVERR O FE &R, 72 U5 1) & B 07 1A~
HIRRT 272 0IiB A BEZ 1 IS L7z 1 ROCZRIEE: A
H=XLEWHA L, RADDLSREE TIRRIED <1 7T
RERE LTz, 7 OZMEIREIEIL, KU A Y2 LEBIELTEL
WRKEXDNTEIK ZERHRERA 2TA T 2T Y U F
TERENT 5 2 LIC k- THEBRT 5.

F 7o, R AT D8, b—T7 2D M A ZIRED kR S
N5 EROMEDIFHI K EEA LD End, HEER L
LCEEAZMZIZ 2 SBO=T Y &k 1 IRTTFMIEIE
AT =R LD SIEREAEIC R L, B a5 - S HITHT
W B Oy E LT, L IRICFEMEIE A I = X LOREIZH R
[FEREh 2 52T TR v IXnaEinz, b m~O6EH % rlEE
ELE. ZRBICE- T, =7 v U AT & Wik & ONE
175 Z & C, B L AIEAENE & B X IALBERAET, XF
G ~FEBIRYIC 72 U D & 384 S B 5 2 OB E I EAICHE &
PFHRANE D IEDHFF O KR E S OIROHERNTIRE & 72 - 7.

BRUIZT D v ORI FEREE MEET 57280, /)
RIERIERR I X 2 P ESR 21T - 7=, BAR0CIE, RS O K
7R MV TR ERER AT MR 1L S A
EHFIE 2 H T DR OHEE, LTRSS R EOWERE
ThbH. K1 0T A 7 OB 2T 28277, x4
PN LATT Sz o biETe 2 & T, dBBRIC R ek
TR T 5. ORI K SEER & BB A C OHRRDY Al HE
THY, SRR ~OFMEN T I,

- ‘n\\ ‘
:?.‘_.’;‘::-tmu‘-n

&a -

CEe—
LY »

Ny ,'“ —

R
» "
R

Fig. 9 Proof-of-principle model of One-Dimensional Torus Gripper

Fig. 10 Grasping test of Torus Gripper

Fig. 11 Proof-of-principle model of Fire-Resistant Torus Gripper

Fig. 13 Design diagram of Fire-Resistant Torus Gripper
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Fig. 14 Fire-Resistant Torus Gripper on handcart
with weight and torque compensation mechanism
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Fig. 16 Magnified view of the on- ﬁre grasping test
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