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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 R (FAER), B B, AR W, R

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

Flexible cushioned tactile sensors are important for safe interaction between humans and communication robots,
and therefore, several types of sensors have been developed. However, these sensors have problems in durability and
maintainability because they have wirings or solids in their fragile flexible part. In this study, we propose a magnetic
type flexible tactile sensor that does not contain any wiring and any solid except for minute particles of iron in its surface
flexible layer. The sensor has a permanent magnet and a magnetic sensor at the bottom of its flexible layer and detects
deformations of the surface layer containing iron particles (magnetorheological elastomer) as changes of the output of
the magnetic sensor. Simulation results and experimental results with a developed sensor showed that the proposed
sensor can measure depths of surface depression produced by normal forces, and that the sensitivity and the measure-
ment 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 magnetorhe-
ological 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 Schematic of sensing mechanism without load (a) and
with load (b). Magnetic sensor detects the deformation of the
elastomer as a change in magnetic flux.
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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 material. BE, MRE, and PM
stand for base elastomer, magnetorheological elastomer, and
permanent magnet, respectively.

Size (mm) Relative per- | Magnetic flux den-
WxH meability z- sity of surface (T)
Air Other region 1
BE 50x10 1
MRE 50x2 2
Board 54x1.6 1
Sensor 5x1.5 1
PM 5x1.5 0.2
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Fig. 4 Simulation result of magnetic flux density penetrating
the magnetic sensor against applied depth with the second or-
der fitted curve.
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Fig. 5 Experimental setup for examining relationships be-
tween applied force and sensor output. Applied force was
measured by using a digital force gauge mounted on a Z-axis
stage. A cylindrical indenter (diameter = 20 mm) was at-
tached to the force gauge. These outputs from the force gauge
and the proposed sensor were simultaneously measured by
an oscilloscope.
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Fig. 6 Change of sensor output voltage against the normal

force that increased from 0 to 7 N and then decreased to O N.
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Fig. 7 Depth of the sensor surface vs. sensor output. The sen-
sor output increased like quadratic curve. White diamond and
square represent simulated value calculated by different rela-
tive permeability of MRE: 2 and 1.5, respectively.

2) THH U7IT-RRE I3 LR v O LR
2.6 mV/T 36 JOMEIEEIRE OfE R4 L TRkt
HIETHD. —JF, UM vy ME MRE OB
Fr 15 L LCEMRICkD b0 TH S, FEAIEIL,
ZDWEHER = 1.5 OGO APISE L K< —2
THHLDOTHoTz. FEROELE TR S 7 e T
7% [11]® MRE OSSR TH D =2 & LTEHAD
Yialb—va VR EIHECHE RS ST

3.2.3 BOELDFE

REMTE Y Y, FET O MRE JEENGERIC
P 752 L CRUTINEZAE LI E 572D, MRE 8
DELR, HELEAEWIIEAD L X7 A M~ EDE
BT Y ORI E 52 5.

ZZT, BTV S B#EEDT T A h~DE
HEERLIGEEOMT ), MRS & PIRED
B AT L7-. Table2 |2, AMFETHH L3 >0
TT A MY OEEDERZ T, 723, 50 Fig. 6
FOT IR LIEZERTHW-T 7 2 h<1%, Table2



D Type A TH 5. ERFIHIKIZE LFRTHY, £
NENDFEROMTRSITIB LE Type A 7% 8 mm,
Type BA2mm, Type CB4mm THDH. ZiH Dk
RKOWTRSE, £T7 A M~ ORROEIERFIZK
EREAE R Z SRWVHEIPI CRROES & Lz, Uk
DEHETTIHDOTT A b~aHWTHIE LT
LR UVISE DO Fig. 812, TFES EBUTIR
BEOBIR%E Fig. 9 [IZFNZFiurnd . Fig 9 Fo Rk E D
WA, =f, Lo7Fay ML, TypeA, TypeB HBLW
Type C OB AT ATV I 2L —va U fEThHD.
Z CMRE OMigie=IL, Fig7 DvIalb—vay
m&%ﬂm# LML e o7 1S ERRELTE. ZD
oI 2 b—a CHET3IHEFERTH L.

F£7 Type B & Type C DR A kT 5. Fig.8 123
WT Type C OEMFH CHFAICK L THRLRZE Y
PIREITRE Do 72 GN HVINRETHI 1.9 %) . [FIBRIS,
Fig. 9 [ZR &5 L 9 IZR U FERS1T% LT Type C
DI WRE R ISEEGFTN D, T GT
RS 0.5 ~ 1.5 mm OX[H) TOIREOMHEITAY 1.2 fiF
HINL Tz, 377205, MRE J@REWEEEH O
BENED-T-. F, Va2l —v 3 2L D Type
B & Type C OFERMNG bIEEI 0T 52 b2 R T
X2, L L7, TypeCODY I = b— = VHER
VI & RE S Rpo TV,

Fig. 8 38 LU Fig. 9 \T/RS D K 91T, Type A 1% Type
B XV HIRWEIFHOII T RS TR0
%ﬂﬂﬁgﬂﬁﬂ“@é‘é L LZEDO—HT, Type A ZHW

7eYty, T EINVNS W I A2 &N
DE&goTlz. TypeB LT 5 &, T TOIRE
DEZIIH 0.37 5B T DR & 2o Tz

U EDOREELY, MREJEEIFFTT A F~EDE

TR T, RS DL & Dt o YIRE
RS D 2 & DD BTz,

4 £

AEITIL, 3 iR L2 JE5 O bl m R ofkss
EBEEITD. Figd D Fig. TIORLTZy I 2 b—
a b ERICEDFERTIE, BET LR
PR EPFER ST U CHEREIN S L < IXHFRRED
O IR e U IREE RS Z L AR LT
Fig. 6 £V, BV FEETIIH FIZBEL e AT U v~
ARRLNTZ. ZOe AT Y VADFKRE LTI A
k= BADREMEIT N %, MRE DOZETATE - T-REEZ L,
LGOI b B2 65, REREZHGMNCT S

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 magnetorheologi-
base elastomer cal 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, triangles, and circles indicate simulated value
of type A, type B, and type C sensor, respectively.
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