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A Principle and Characteristics of a Flexible and Stretchable Tactile Sensor

Based on Static Electricity Phenomenon

Yasunori Tada*!, Masahiro Inoue*!, Toshimi Kawasaki*?,

Yasushi Kawahito*2, Hiroshi Ishiguro*3® and Katsuaki Suganuma*

1

Tactile sensors are required for various robots. In humanoid robots, softness is an important feature for physical

damage prevention and for interacting with the human. Moreover, if the sensor is made of stretchable material, the

sensor is unbreakable and can be put on curved surfaces and joints easily. This paper proposes a novel tactile sensor

which is flexible and stretchable because it is made of soft material. The sensor utilizes static electricity and elec-

trostatic induction phenomenon, and can detect some touch conditions. Detail of principle and basic characteristics

of the proposed sensor are reported in the paper. Experiments show that the sensor output depends on touch area,

touch velocity, and material of touch objects. However, the sensor does not depend on touch weight. Moreover, an

experiment shows that even if the proposed sensor is stretched, it performs as the tactile sensor.
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1. & U ®

MEL HIZORy AV FRba—< /4 FaKRy bl
BAenzaKy FCTLELENRTWAS, ka—<7 /4 FOKy MZ
BTl ABEnaIa=r—ra vilMEL I 2fEbLNRS
e b. HlziE, Robovie D& ) Zka—~</ 4 FaKy
MIFLT, ZLOANBEEORy hOEEZHETR), WEOW
20, BELZYVLIDETD[1]. 20X REMERETS
720, ta—< /A4 0Ky FOLEEE) L) IMEE Y
A HINLZLEDNHAS.

ta—</A4 FOoRy MIERSNZEHME L Fidwv
ONFERENTEY, Tajima b [2) IFEBEHACEEMS V%
AW oARmEr v+ 2REL Tw5b,. Ohmura b [3] /)
HES [ H7LF Ly TAER LY ETF RS THE
il o AIREL TS, F/o%IZ5E L7 Robovie Tid o)
-y TLOHIIELY T4 VL EED-ORy FEEEER

RS 2007 £ 9ATH

*VRBR K B ¥R e

AT T L

*3RBR KA TERRFER AL - AR Ly

*1The Institute of Scientific and Industrial Research, Osaka Uni-
versity

*2Togawa Rubber Co., LTD.

*3Department of Adaptive Machine Systems, Graduate School of
Engineering, Osaka University

B AR REECTHFEmSIE L.

JRSJ Vol. 26 No.2

LTWwa[5. ShoofEr sy TRONE LI, ba—7
A4 FaKRy rofELryFIIEHREEFFEOZ LHS V. ME
b PTHTHIIABAR 2=/ 4 FaKy Mifio7z
LEDOERMEIRL L, TLHEEROREMI M ETL DL
Eibh5b.

o IbE L I EESH UL, ka—< /4 FOKy b
DL ICHELHESHEAZ O Ry bANOBBAIEICL S, L
ML, LEROMELHEED, #HROEOMEL VY (6]~
[10] (2 SR#EMIE D B H3HFEHEA 2. Hoshi & Shinoda [11] &
HMEWAREYILY 74— L TESRTORY PEEEIREL
THYH, ThRIFHELHBEELF->-TWS, LiL, aFy
MR EMESELEEDEVFHRAIZOWTHER L TR,

AKX Tliea—< /4 FoXy bCRATAHZLXEHL
T, FEHMLHEEEFD, ML AMLIRETEIMELS
HAIRET L. BETLHHE L IIEMIREORKREICHER
LBBEBFELFIFL TS, 20700, MEL FITFERE
HEMMEBOAPLBR SN, FEICHMLEETH L. KT
FeTII BRI E MHEEPFEL T, KO2rVEREB L UEE
B I— TATHMEL S F2ERT S, ZFLTERLE
it ORI OVWTHET S, B, BERSCHEFE
BELDSHONTBHRTH AN, EELOHMABRY, Thb
DB T HEM, HMERBCEIMEL L LTRALLS
v, 2L, YoM ERENT Ay HICEERETIA
L7=Blizd % [12).

Mar., 2008



FEHM L MGEHODH IBBERAME L VY OFB L5 211

object first touch
charged body @
conductive wire \
& T = F :-*.. :__ v F=F __ F __—;__ i ibieted R
T wwwen | [ E £
v v v

7 7

(a) On initial condition, an object, a
charged body, and a conductive
wire are discharged. A voltmeter
indicates 0[V]

(b) The object touches the charged
body. Both objects are charged,
but the voltmeter indicates 0 [V]

second touch l

7

(c) The object is released from the charged
body. In the conductive wire, the deviation
of charge distribution occurs by the electro-
static induction. The voltmeter indicates
negative value

oV - positive value
— 2 F = F aF - Fa LS B
1) % | - %

v v
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(d) The charge moves to the ground
through a resistor R immediately.
The voltmeter indicates 0 [V] again

(e) The object touches the charged body
again. The voltmeter indicates positive
value by the electrostatic induction

(f) The charge moves to the ground.
The voltmeter indicates 0 [V]

Fig.1 The principle of the proposed sensor
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(conductive silicone rubber)
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(conductive silicone rubber)

(a) Top view

[ silicone rubber sheet

conductive silicone rubber
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(b) Cross-sectional view

Fig.2 The structure of the proposed sensor

Fig.3 A photograph of the developed tactile sensor
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Fig.5 The sensor output when the human touches the sensor
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Fig.6 The sensor output when the weight is changed
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Fig.7 The relationship between the sensor output and the area
of the sensor element
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Fig.8 The relationship between the sensor output and the
height of fall
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Fig.9 The sensor output in each material
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Fig.10 The sensor output when the sensor is stretching

(a) A 5x5[mm)] sensor element

(b) The same sensor element is stretched to triple length

Fig.11 Two photographs show the same tactile sensor element.
The element shown in an upper photograph is un-
stretched. A lower photograph shows the same element
which is stretched triple length to the lateral direction
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Table 1 The sizes and areas of the sensor elements
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25% 50%
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g_ 0 e Aw
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Fig.12 The figure shows an example of the sensor output that
the sensor element A is stretched to triple length. Even
if the sensor is stretched, the sensor detects touch and
release of the object
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result of unstretched sensor element
4 - H 9
25% stretched B
S 3
5
=3
3
5 2 50% stretched B
Tr \ 200% stretched A
100% stretched A
o i i
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area [mm2]

Fig.13 The results in the section 3.3 are superimposed on
Fig.7. The sensor output depends on the area of the
sensor element even if the sensor is stretched
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