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Development of Universal Robot Gripper Using Reformed
Magnetorheological Fluid for Grasping Small Objects
O Takuya FUKUZAKI, Yusuke TSUGAMI, Takeshi NISHIDA (Kyushu Institute of Technology)

Abstract : We developed a universal gripper consists of two fingers for industrial robots using reformed magnetorheological
(MR) fluid for the purpose of grasping small objects. The finger tip is composed of an elastic membrane enclosing the reformed
MR fluid. The finger has a diameter of 25 mm or less, and a magnetic flux circuit structure for changing the magnetic flux density
within 0.1 s or less by 0.24 T or more: solidification can be controlled, was realized by the rotation mechanism of the permanent
magnet. Several experimental results show the effectiveness and performance of the developed universal gripper.
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Fig. 1. Structure of developed parallel gripper. The
bottom part is connected to a reformed MR fluid and
an elastic membrane.

(@) 0deg with O T. (b) 90 deg with 0.3 T.

Fig. 2. Positional relationship between magnet and

yoke view from the bottom.
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(a) Simulation of the magnetic flux density in the yoke.
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(b) Simulation of the magnetic flux density in the
reformed MR fluid.

Fig. 3. Simulation of distribution of magnetic flux den-
sity corresponding to the magnet angle.
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Fig. 4. Average magnetic flux density applied to re-
formed MR fluid by magnet rotation angle.
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Table 1. Experiment for MR fluid resistance.

Material Volume change ratio [%]
Q 32
HNBR 1.9
FKM 4.0
NBR + PVC 30
Q+ FQ 36
NE -
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(a) Overview of the developed parallel gripper.
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(b) Structure of the developed parallel gripper.

Fig. 6. Overview of the developed parallel gripper.
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(a) Diameter part of sphere.

(a) Quail egg.
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(b) Upper part of sphere.

Fig. 8. Grasp of wood sphere.
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(c) Light bulb.

(b) Low viscosity state.

(d) Simmered Japanese radish.

Fig. 9. Experiment of grasping against rotational

Fig. 7. Grasp of various objects. torque using a cucumber.
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Fig. 10. Changes of gripping force due to the viscosity
change of the reformed MR fluid and the shape of the
target.

TRETBHIEBIRIZ L > THF D L L2720 TH S
CHEHIE NS,

PALEOERFERE D, BFELZAZT VLT v,
FTEAARRAL I LDV TELNILRAFYNTTILT, Ko
NIAERMERE R FEHE S 5 Z &0 » 5.

7. ¥ED

A Y LEA DRSO RHIZ L 0, EORHEREE &
INEAEZ TN U7 TMR 8] ZBIF L 72, RBFD7ZH1Z,
MR 8N DERBEDZALDY I 2 L —3 3 U PFIED
EMEBEDZODERET>7-. BAFLZ MR 81X, %
DWED—XFD I — 2 T EN-REG %2 Y —KRE— X TlH
X528 T, MR FIRIZEINNE N2 LI RERERE 24
0.04T 754024 T £T, THbOHHKE MR HAKDRIK
KEEE D S I kE g £ DA% 0.1 s ANIZERT A Z &
NTES., 517, ZAD MR 82 NAXETETF vy
TIZHAIAR, INS G2 FFTE D 2= N—H )L T
Uy N ERERL L 72,

F7z, BEEEOMRERZ FEML, /RO MR kN7
LIV ) w SHIR1GF &3 /NIRRT < D
ROKRYR, FRIZIEA T RYOHE D AIRETH B Z
YRR U, 51T, TH—AT =Y %AW
EERIZED, BAFKLEZNZLLTY vo8iE, GAAAT
R CE2/NMKIZR LT, Ko EN-REE2ET S
Z PRI N,

e

AR ZZFTT DD 0 T HNTENZ, T2 T4
Y Va—avX, gL #F), 1F3s #),

AV UNA (BR) ITHRET 5.

SE R

[1] H. Choi, M. Kog, “"Design and feasibility tests of
a flexible gripper based on inflatable rubber pock-
ets,” International Journal of Machine Tools and Man-
ufacture, Vol. 46, pp.1350-1361, 2006.

[2] Ellievski, A. D. Mazzeo, R. E. Shepherd, X. Chen,
G. M. Whitesides, ”Soft robotics for chemists,”
Angewandte Chemie Int. Edittion, vol. 50, pp.1890-
1895, 2011.

[3] R. Deimel, O. Brock, ”A novel type of compli-
ant and underactuated robotic hand for dexterous
grasping,” The Int. Journal of Robotics Research, vol.
35, issue 1-3, pp161-185, 2015.

[4] Ffd, Zgith, $oR, FH, 7 & 3 ORI 2 B L 72 B2E
W2 v SOFIFE”, K% TE2EE, Vol. 79, No. 10,
pp.970-971, 2013.

[5] J. R. Amend Jr, E. Brown, N. Rodenberg, H. M.
Jaeger, H. Lipson, ”A Positive Pressure Universal
Gripper Based on the Jamming of Granular Ma-
terial,” IEEE trans on Robotics, Vol. 28, pp.341-350,
2012.

[6] T. Nishida, D. Shigehisa, N. Kawashima, K.
Tadakuma, “Development of universal jamming
gripper with a force feedback mechanism,” Joint
7th Int. Conf. on Soft Computing and Intelligent Sys-
tems and 15th Int. Symp. on Advanced Intelligent Sys-
tems, pp.242-246, 2014.

(7] Kk, B, daok, it, P4, "WIVE r 2570 5 & B &
I 50Ny by RORIFE”, HARWY 20 RT 1
2 AAF) b A= AGHE, 1P2-B09, 2017.

[8] R. Murayama, T. Watanabe, M. Uchida, “Delicate
Grasping by Robotic Gripper with Incompressible
Fluid-based Deformable Fingertips,” IEEE/RS] Int.
Conf. on Intelligent Robots and Systems, Tokyo, pp.
5469-5474, 2013.

[9] A. Petterson, S. Davis, J. O. Gray, T. J. Dodd, T.
Ohlsson, ”"Design of a magnetorheological robot
gripper for handling of food products with vary-
ing shapes,” Journal of Food Engineering, vol. 98, pp.
332-228, 2010.

[10] T. Nishida, Y. Okatani, K. Tadakuma, “Devel-
opment of Universal Robot Gripper Using MR«
Fluid,” International Journal of Humanoid Robotics,
Vol.13, No.04, 1650017, 2016.

[11] A E, PEH, ” & MR fithZ2 HW5 85 L L
Z 0w ROBFE, 7 HAB R Y b PP AiiaEEH 2,
RSJ2016AC3A-03, Sep., 2016.

[12] L. U. Odhner, R. R. Ma, and A. M. Dollar, “Preci-
sion Grasping and Manipulation of Small Objects
from Flat Surfaces using Underactuated Fingers,”
IEEE International Conference on Robotics and Au-
tomation, pp.2830-2835, 2012.

[13] /54, 3L, . Yoonseok, AN, &, B& I, I, 7 T\
EHT %4V RO EHE”, HAKMA 20 A
T4 7 AXT bu=2 AG#EEE, 3P2-R01, 2014.

— 2451 —



