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Deformation response of a magnetic type tactile sensor
with a two-layered surface made of a non-magnetic and a magnetorheological elastomer

JIE RFECER), I B, Al @, KE R

Takumi KAWASETSU (Stu. Mem.), Takato HORII, Hisashi ISHIHARA, Minoru ASADA

Recently, flexible tactile sensors have been studied as whole body skin for personal robots. However, these sensors
are suffering from the problems that wiring contained in flexible coverings is easily disconnected, and that replacing of
flexible coverings is difficult. In this study, we propose a new magnetic type flexible tactile sensor using a magnetorhe-
ological elastomer. The sensor does not contain any wiring in flexible covering layers, therefore, wiring disconnection
is not the problem. Further, it is easy to replace flexible coverings because its positioning is not needed. The sensor is
composed of a magnetorheological elastomer, a non-magnetic and low rigidity elastomer, a permanent magnet, and a
magnetic sensor. The simulations and real experimental results show that the prototype sensor can measure normal force,
and that sensitivity and measuring range of the prototype sensor depend on the thickness of the both elastomers.
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Fig. 1 Overview of a prototype magnetic type tactile sensor.
(a) Appearance of the sensor prototype. Black magnetorheo-
logical elastomer is laminated on a white translucent base
elastomer. Its top surface is covered by a thin protective plas-
tic film. (b) Schematic drawing of the sensor viewed from the
bottom. The sensor is composed of a magnetorheological
elastomer, a base elastomer, a permanent magnet, and a mag-
netic sensor (giant magnetoresistance sensor: GMR sensor).
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Fig. 2 Diagram of sensing mechanism. (a) No load. (b) Load
is applied. Magnetic sensor detects deformation of the elas-
tomer as changes of magnetic fluxes.
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Fig. 3 Simulated model consisting of a magnetorheological
elastomer, a base elastomer, a board, a permanent magnet,
and a magnetic sensor.

Table 1 Parameters of each materials. BE, ME, and PM stand
for base elastomer, magnetorheological elastomer, and per-
manent magnet, respectively.

Size (mm) Relative per- | Magnetic flux den-
WxH meability z- sity of surface (T)
Air Other region 1
BE 50x10 1
ME 50x2 100
Board 54x1.6 1
Sensor 5x1.5 1
PM 5x1.5 0.2
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Fig. 4 Simulated difference of magnetic fluxes penetrating
the magnetic sensor against applied depth. Magnetic fluxes
increased like quadratic curve.
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Fig. 5 Experimental setup for examining relationships be-
tween applied force and sensor output. Applied force is meas-

ured by using a digital force gauge mounted on a Z-axis stage.

A cylindrical indenter (diameter = 15 mm) is mounted to the
force gauge. Both output are simultaneously measured by an
oscilloscope.
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force that increased from 0 N to 7 N and then decreased to 0
N.
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Fig. 7 Depth of the sensor surface vs. sensor output. The
sensor output increased like quadratic curve. White square
represents simulated value calculated in section 3.1.
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Table 2 Thickness differences of each elastomer layer be-
tween three types of sensors. Type A is the same sensor with
the one used in the first experiment.

Thickness of Thickness of magnetorheo-
base elastomers logical elastomer

Type A 10 mm 2 mm
Type B 5 mm 2 mm
Type C 5 mm 4 mm
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Fig. 8 Comparison of sensor output changes against the ap-
plied force between the three types of sensors.
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Fig. 9 Comparison of sensor output changes against the depth
of each sensor surface between the three types of sensors.
White squares, circles, and triangles indicate simulated value
of type A, type B, and type C sensor, respectively.

+ mV DINED RS TNDZ EBRbhoTz. T,
Jealk L7z £ 91e= T X b~ OIROEIE F CIZRFE A
PNDTHOTHDHEEZEZ BID.

W, BpDxT A M~EANTT o 72 FHR T,
TT A MY DOEEORER LV IEFHEICE LN RS
iz, 1T UDIZ TypeB & Type C i3 % &, Fig. 8
£V Type B XV Type C O3 [E UH FI3xt LT



Bzt o IRE RN R E V. [FERIC, Fig.9 HIXFETC
FTFRESICH LT Type C OEFNKE 2w HIsE s
BTNV Z enbnd., bbb, I A M8
DEWNTE, o VO ERE T,

—7, ¥Ia2lb— 31255 Type B & Type C D
FERERD L, T EITRER YR THTHT 21
VHINEICIIRE BT, Y, v alb—
A AZBWTHMET T R b~ %, MRz T
B2 BR 2 F O b DL LT~ 2 LITEKT S
EEBEZ NS, BET T A N~ OSRN EY—0Ah S
WL EIIREETH Y, FEEREIT T X b~ THEICERG
RS LTS EHEEIND. 2D, BT
T A M=#EL LIEGAEIE, L0 Tmicgmrgd 4
272 F DR OGERARDIHNIEF @L< I8 d. 2D
BRERDOARYE =, 2 2 b—3 3 UE & EREDE
WEHLEZLLTWEEEZLND.

Fig. 8 ®° Fig. 9 \I/RS N5 L 91T, Type A I3 Type B
K0 BIRWEIFHOM I/ L FIRS TR 0%
{EDFHHCE TS, LInLZED—FT, TypeA & H
WG E, B HIRE D RR SIS LT kiR
WZHEIINL TR Y, FRIES /NS WRITIEH 02
PNENHDETe T U, BB EEREC)S
U CRBISITAT b Tho B2 bD.

PLEDORER LY, (1) BRICHT DEEE @m0
BEIISF = I A bvEaEd Tk, (2) 72
72U, XTI A M EaETULRIE TRE R A
FIFBR ST LE Y, WIET USRI NS R TR
T DEEMETFLTLE D &V, EEEECHRIEHRFH
LWV oot P OIERI R, T A M DJE

HuBA DT EIZE o TIRETE D Z LHVRIRS NI,

5 &

AHFIETIE, MM T A b~ % AR v
DY EREL, BRI 2 L—F LI X DRI E
BRAAT Tz, AL, FaREM IR A BT
R/, FTIKARRA LR L OALEBIR D
BRI L CHOAETH D0, MAERCA T
v AEOBLED OIEE FARIEWZ D, RIS O
R, BBET LI EmE SO T IIORIEN FIEE
THDHZENDIoT-. £, B I ai#gT 52T
A S DEZREI D LIZXY, BESCHIER
PHAZETE D 2 L MR LT,

SHOTEEL LT, BEEVVOMaLEE IO
MERRAEEZ D Z X0, T &5 2 HAESCHET

DRE IEEZTHE B E DTS B 5 E &R,
fRT, FIUCHS L B HIREDET MERZEET B
5. Flo, =T A M OBMESCSME AR ERtE Y
PIEN R E T R D RRRECREZ2 R 72 I B O RRGLE,
a ARy MR A~OFEHE A WU KRS e b S
BITH TETHD.

HiEx

AL, Bt BB & R HE G B 50
(24000012), #FWF5E B (15K18006), RipllifFseELE
JibEe (15J00671) 3 X OBVFHIN AM B REABE 7
=aT7 T v IR - EEFEOMBEZ T TZHLDOT
5.

(20?7422 H 22 H & AF)

SE X

[1] BERER, KATESE, SRS, RARSEZ, “SF K
a—< /A NaRy MZLBFAF Iy ERVIT
BOEBL, > AAREAR Y MEEEE, Vol.23, No.6, pp.706-717,
2005.

[2] T. Mukai, M. Onishi, T. Odashima, S. Hirano, and L. Zhiwei,
“Development of the Tactile Sensor System of a Human-Inter-
active Robot “RI-MAN”,” IEEE Trans. on Robotics, Vol. 24,
No. 2, pp. 505-512, 2008.

[3] HWEER, W, /IMA—h, FREERESE, “SEAA &
Z 7 v a OO TRE BTG = > MY
AEORISE,” HARRAR » MR, Vol.30, No.5, pp.505-
514, 2012.

[4] EALREE, H. Alirezaei, [EEHER, “HifBEMAHTICIE-S<
A o AR AR Y b EEREE, Vol.25, No.6,
pp-960-969, 2007.

[5] P. Maiolino, M. Maggiali, G. Cannata, G. Metta, and L. Natale,
“A Flexible and Robust Large Scale Capacitive Tac-tile System
for Robots,” IEEE Trans. Sensors, Vol.13, No.10, pp.3910-3917,
2010.

[6] R. S. Dahiya, G. Metta, M. Valle, and G. Sandini, “Tactile sens-
ing—from humans to humanoids,” IEEE Trans. Robotics,
Vol.26, No.1, pp.1-20, 2010.

[7] K. Hosoda, Y. Tada, and M. Asada, “Anthropomorphic robotics
soft fingertip with randomly distributed receptors,” J. Robotics
and Autonomous Systems, 54, pp.104-109, 2006.

[8] T. Minato, Y. Yoshikawa, T. Noda, S. Ikemoto, H. Ishiguro, and
M. Asada, “Cb2: A child robot with biomimetic body for cogni-
tive developmental robotics,” In Proc. of 7th IEEE-RAS Inter-
national Conference on Humanoid Robots, pp. 557-562, 2007.

[9] M. Goka, H. Nakamoto, and S. Takenawa, “A Magnetic Type
Tactile Sensor by GMR elements and inductors,” IEEE/RSJ In-
ternational Conference on Intelligent Robots and Systems,
pp-885-890, 2010.

[10] SEHFEF, RHBIL, BHE, “BtETF 2 h~—2FIH
LR Afm ey, aRlRT 4 7 A A B ha=s R
R 2014 FEERSCEE, 1P1-X08, 2014.



