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An Experimental Optical Three-Axis Tactile Sensor
for Micro Machines

Masahiro OHKA™® Isamu HIGASHIOKA,
Hisanori KABESHITA and Yasunaga MITSUYA

** Shizuoka Institute of Science and Technology, Dept. of Mechanical Engineering,
Toyosawa 2200-2, Fukuroi, Shizuoka, 437-8555 Japan

This paper described a micro optical three-axis tactile sensor capable of sensing not only
vertical force but also horizontal force. The vertical force was detected from the integrated gray
scale values of bright pixel emitted from the contact area of conical feelers. The conical feelers were
formed on the rubber sheet surface keeping contact with an optical waveguide plate. The horizontal
force was detected from the horizontal displacement of the conical feelers. In the experiments, a
precise multi-axial loading machine was developed to measure sensing characteristics of the present
sensor. It was found that the vertical force was specified uniquely under combined force conditions
and that the horizontal force was specified by modifying the relationship between the horizontal force
and the horizontal displacement on the basis of vertical force. From the experimental results
calibration coefficients were identified to transform the integrated of gray scale values into vertical
force and to transform the horizontal displacement into the horizontal force.
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Fig.1 Principle of an optical uni-axis tactile sensor
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Fig.2 Principle of an optical three-axis tactile sensor
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Fig.3 Models for FEM analysis

3. BREFREIC & DEAEETARAT

3.1 F|ENICLIZIATVREFOERETFER
iR L7 BREORBITEOEIE 2 HET 572
B, ATRERT &7 7 V) VR & OEAEE G BT
DMEREAE &, BARENC A U B EAE S OBR R FAN
5, IOk, BREERZEY 7 v 27 ABAQUS %
FWT, T &7 7 ) VIR OB RN 217 - 72,
BROEBRERSFHETY I 2 —Ya vy 2iT57:0,
BEROY) ar T Ly — b OEEICHWIER DR
PU—VEME (VYT v 2 @), ILM21W] %
AwTHELR, ZOBRT—2 cEITWTERL 2
M oREFOY I 2ab—yaryEFLVER ()
AT, M3pobhd L) MFREecAdvEL
ZoTwhwn, ZOMTOXEREGS R Z0LEN
150 pm & 100 pm & L7z,

R, KerHdDy)aryThy—rDY Y IEKE
L T0.476 MPa 28R L7z, K7 vV v icD
W, TADEBTICEY &N BIEEMHEORELS T2
AT 2{HE LT 0.499 ZEA L. HTLOXRE
REELCXZ, YZ¥E T4 kL, YIkmE
BOTITAY— NOFEBRAROEM R L2, £/
7 7 VMR EEIR S - BIEFE & U,

PEDEFNVEZDNT, T O FEICH—REES
RFEMIELYIab—YarEfTol, IOV Ea
V- g VEERIEOWTIE, BBROERERER LAY T
RET T 5.

—122 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

HER~A 7 uZlhE v ORME 3347

32 KENCLDMFBEAD-XL  @iRL
TKFEIORHBERE T, BE2ERL TR(8) L
() 2HW, ZZTERATWRET L7 7 VLR
DEEEZZERL TR(8) L (9)RBET S0, BEE
ZER L AT RBERT 21T o 7o, BED EAFEND
BARINT 2T OER - BEHD A H =X L2 EN
RTS8, B3(b)emtEF e AL TER
O HIEN 21T o 72,

EFOE S LIBE, ZREFNRROZRITE TN &
BUMED100pm &£ 300pum & L7z, TAY—FOE
43, 300 pm & LR DOEM AR L1z, £/2, ¥
TERERT vV U HIZDOWTE, FIROERTET L
LE—DERBEA L, 727V VRIESHE SR
MIAEEE L Uiz, T &7 27 VLR & QBRI
i3, R TLAESRBOBEBBETH S 1.0 2Hw
oo 51, BODPELCLZRATAW N tax & L T
0.098 MPa ={RE L 7z,

ZDETNVERNT, BEH LAFEOERKT] % i
FOLEOE— AR T 2 21T 72, BEMR
HEL(BITEHARESHLDDORET, TTLVDE
BRI S L, BERME F, Ik 53)2—EIC LIREE
T, KEDH fo(F, KREFRE F 2 2) D% BRE
HNZIEIE ¢/ £ EOMTOBHE u. 2R (4)%2H
WTRD Tz, EERTIE, T ORBEIR 2 EMES A D
BLOBHRELUTHET 2D, 22T3E, 7o
BEIREAT &7 7 ) VIR OEEAE I U B EES
DELOBEEE LTEH L, BEEIOBELZHAN
7%, BEFAKEE/=9.8,14.7,19.6,24.5,
29.4 mMN/mm O 5 &I DWTEEL 72,

BRENSHOELBEE u. &, KEFARKE
fo EOBRER 4 Rd, DAL, Zne ok
FPAEAE f LBMENSHOELORBENE u.,
THD, Fla4robrd LI, urfo KIFEHEH
BTREES/NSL, GHEERICE2LHE L E L

[ T T

0.9 .
g 08 —
I Vertical line force, £, mN/mm

0.7 0:49 .
3 06F A:98 ]
g 03 o147 1
g 04 ® 196 T
B 03 A -
e
E 0.2 [ ] 1
3 o1 -

l
0 1 2 3
Horizontal line force, f, ~ mN/mm

Fig.4 Relationship between horizontal feeler
movement and horizontal force
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Fig.5 Relationship between threshold of horizontal
force and vertical force

Second: assemble Mold A and B.

Diameter: 300 4 m

Depth: 100 g m

First: pour silicon rubber before hardening.

Fig.6 A mold for the rubber sheet
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Fig.7 A micro three-axis taxtile sensor system
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Fig. 15 Relationship between vertical force and
integrated gray scale value
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