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Stress Tensor Sensor Based on Symmetric Structure
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We propose a tactile sensor that is a rectangular rigid body with symmetrically-located stress sensors and
embedded in an elastic body. The electrical power for the sensor and signal will be transmitted without wires in the
future. The sensor measures six-degree-of-freedom stress tensor in the body and can distinguish between shear and
normal stress on the surface of the body. The previously reported tactile sensors can not distinguish these stresses. In
this paper, we verify the detection principle qualitatively by FEM simulation of two-degree-of-freedom model and we

show the result in basic experiments using a prototype.

1. [XLBHIC

fihT v 7T 2 EARIL. HEMEREICB T DT 3
oyt TN L CRHIIT 2 2 L TH D, HIEEN DT

BOLGFNICHEOIATL Z ENARERE P EFICL - T, A
WIS DEFHAIL L 9 ERAZ b olcimi o1, REs2lo
i 5, EH 6 HHEERNIC T TR ORI Z DAL,
%@W%Kﬁﬁﬁy%%m%LT%@@%EA%%mié%
DM, WHERICBIT 2 REOEREZER2ICHERTE LD

TlEeh oz, BlzIF|Y 2405 2 L OEBNRES ) OAR
B—2 il B0 2L U EAWNIG I Z K TERNE WD
S MEN R Sz,

F TR TIE LR OMEA R L5 2 T. 6 HHREED
ISHhT I NVEFHAT R ERET A D, K11
RNEEOHEDOEHIZ DT DGt 2 il Lo iEs
ot ¥F LT, BHEANICHEDIAATHY., 2ok W
FT-ORMPNE D i —AICAER T D BEIS ) &AW )
NI 3 MEHAT A, ZHIUC XD RN OIG ) 6 Aoy
ERIZHNTH LT, B ETDOEERYEZET HHE
M RHEITBIT BT 3 Ry EH#RT 52 ENARRICZR D
EH?@<\i@)/%QM$%%6_&#T%5&%2%
na8l, K hndOE S RERCENOMGIL, BRI
WESCHk[4]l O — kTR v — N E AW TR TITY 2 L 2%
ZTCWBH(K2), ZnEuRy hoONTREECHIE R X, 5
OFMERNIZHEE DAL Z & T, WY Z2HEICHRHT 2 L0
TEDHEHERB,

Stress sensor

Rigid body

Fig.1 Stress tensor sensor.
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Tig.2 Two-dimensional signal transmission sheet[4]
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Tig.3 Physical model in detection principle:(a)applied shear
stress and (b)nonuniform normal stress.

3. BETSaL—vay

SIRLIMEAZIZ, v aryIaEopiz, & o0
PO WA ZBLE L2 ARRERET LV EER L, AW
EMZIGAEBEISHENZZBEDY I 2L —va %k
1Tolz, K4 IFEEF RO TH D,

X 5(a) (FBEMA Lo Emickt LT, — R AmE O
FABIGAGRWRED Z I - E TS E o %
Zuy hLEbLDOTHD, RMPOTH, F MR EOIG
NEHBHLLTEY, 3@ TRLEL DL FEREDIRTI DSy
ARECTND I ERDND,

X 5(b) iR s LT, ZZMANAR AR O B 5 B
NEMZIZHDOTH D, AEEEICKT 5 E T HFROIR14
Ao &, MR REEICBIT IS AR ORE N —FK L TEBY .,
3(b) & REDR LS L CTHUL 5,

LRI X 0 PET L DOIE L & &2 EMERICHERR LT,

Fig.4 Simulation model.Blue: silicon rubber
layer.Perple:rigidbody.

(a) )
Fig.5 Simulation results: (a)applied shear stress and
(b)nonuniform normal stress.
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Fig.7 Experimental results. (a): The oscillation frequencies while we
moved the stage in y direction. (b): The case of movement in x
direction. (c): The case of movement in y direction by rigid column
for asymmetric normal stress distribution.

Table 1 The oscillation frequency of each capacitor.

Capacitor Frequency(MHz)
Cl1 1.30
C2 1.30
C3 1.37
C4 1.37

Fig.6 (a) Sensing of the capacitance. We measure the oscillation
frequency of each capacitor. (b)(c) Experimental setup. 5. £&oH
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