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Abstract: In order to enable robots to accurately perceive and grasp objects, a novel type of tactile
sensing unit using an iron-gallium wire as the sensitive component was designed, and a test platform
was developed to evaluate the output characteristics of the sensing unit. The relationship between the
output voltage and the applied static and dynamic pressure was tested. A sensor array structure was
designed using the tactile sensing unit as the core; then, the sensing array was mounted on a
mechanical hand, and the gripping experiment was performed. The experimental results show that the
tactile sensing unit, consisting of a Fe-Ga wire with a length of 16 mm and diameter of 0. 8 mm in a
bias magnetic field of 1. 908 kA/m and a static pressure of 2 N, can achieve an output voltage of 96
mV and a sensitivity of 48 mV/N. Under the dynamic action of 1-4 Hz frequency and 0-2 N pressure,
the output curve of the sensing unit is detected to be smooth, and the sensitivity is observed to be
high. The sensor array is capable of sensing multiple sets of pressure information to accurately display

the force distribution of the mechanical fingers. These properties make the unit widely applicable in the
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field of accurate grasping and intelligent control.

Key words: tactile sensor; manipulator; array sensor; Fe-Ga alloy

1 351 =

BREHL A NAEE F 58 T 5 2 2 F L s A
TR A BE AT TAE, il v /E AL 8 Ak
T 0 — B 2 e 8 2 6 15 838 B FI% J&
N AR R B mEAE AT, T RE UK
OB AL R Z A BHBE N B3 W B 53 8 A 50U
AR BUB AL HR R AR 1 5, B3 R B U TR
CE NN S W B v W [ = W | e
EZLEIRT R

i [ 4t K % Minhoon Park %M fii
MoS, FiI 7 85 4 v i il 3 9 Fs BHL =X ik o2 4% J8 1 51
FLAT 35 e A I R AR, HDA & ML R L (H R
BH 2 % 8% 25 00 D 34 38 A B 7 X i 285 7 A9
o BRAMIBI K Laura Seminara S0
JE B TR RSERE IV S T SRR L, (i A B A 4% J%
s BRI 38 2ok A I A [R] L B F s BE 65 45 B A )
B =R TS R A e s s
A 1) B 8% A8 /0 DRI L T R A JER 2 1 0 25 0 i)
A2 AGE H T3 & T ke, S8 B b K
% Surapaneni Rajesh M 3% 31 AY 5 #h k B 8 =
fih 5 % R DD 1) T A A BRLOT AT T A S L TH BR
T Yk 54k 2z 18] 9 52 e DA AT DL AT = 48 7 Byl
i A AL BES M55 5 52 TP, Dt & 2 i
AN A BT R A o e AR U A A e R AR A
A IR 1) 7S 8] B AY BT )2 1 A% B AT ) PR 3R
PE AT R e R SEE . (A2 T BRI
PR AR AR 1) 5 72 AR P R S i M IR M 2 A T
DB R 2 3, H R ARl ik 1)

AH LG T R R 5 TR B A RE BT i A% 8% s, 1
A 4 fi v A% 2% 2 R BB S8 IE RS 0 BN &, ST
S B A B M s B BE R H I A A R
ZUREF W NEA S . Yunkai 55 F FH AR B ik
TET il 5 A% R % AR R ATk 0~5 N A
RS R T 138 i S0 15 B 1AL R B AR
M AN 2 Hz Fl 4 Hz 8h25 J7 i i e e 0 (i
A3k 470 mV Fl 468 mV., SCHk[ 14 ]8T fil
2 SR A AN AURT LA DU 9y A4S 19 422 fioh g, 1t EL AT A

IR B R SRR [ 15 138 11 A9 ik 5 A% R L ]
A IR O 2 B4 TR A5 BRI P A

A B TR R BT B S B 1 R AR AR L
K HERIEA R i, ASCBIT TR TR«
F 7 T f i S L L A S T AR RO T i T R TR
HEJITHY SR F ML T A R IT Y S S 3 A e
R R LAy S A BT T Mk A2 SRR B

2 AR TR B ISP
AR

TR 22 1 il v AR R OT A R a1
IR o AR IR TT Y A T Ml AT L R ER 22 K G AR R R
T RIS ST 4 L. BRER 22 B KK B L AR 43 3l
12~21 mm,0.5~0. 8 mm, ZZ i H .28 T 7 e
TR AR s Ry R R 22 £ AR U R O 1 B O L R
H 5 868 J5T fil - Sy HIR S5 4 S 4 S I 04 4% 33 ST 1 5 | ke
BRER 2272 s @ IR e MR 5 iR B BT TRUE 7
T T ] 2 g () AP R AT
BREE A B Sy — Bl B0 46 A1 RED S B
e B 4 R T B AR R R R — 2 M B W
TR AR A2 ST BEWE D 1) YV e R
I R 22 K EE T D HEP . MR & &2 1 h
F i}, A4 b m s oy i rEwh 3L A ok kAR
i % » T 7 g A e B 2 il ) O e B Bl S B
ERRE AR M R A AL, A SCB T Y il v BT
R R AR 22 A SRy 2208 B, R P G 36 0 504V 46 58000
> fih 5 A% B B 5T A7 3] 6 5T ik 4% 388 B R T L A
FHEIME

GRTALS BRI

et G fde 78 A B

BT RSO 45 ol 5 1% % R ST 45 4 7 2 R
Fig. 1 Schematic diagram of magnetostrictive tactile

sensing unit



2620 e K TR %27 %
Sl DA 0 R 7 3 B 28 7 7 Al Tl ST A T 1 $ 2 () A (9) 75
A I T2 SR T 58 B A 28 Ak, DA T A5 B B b R TR Mo M H 10
IER= 3a— M.«

AR Al B8 R JT 1 Y WG F e A R L L TR FHROMRAK AT
Un 5 8 /R o 8 I /Y 7% S0 98 B2 By 19 6 & M — M. H a1
mE 3a— M, a+2iﬁ\‘/}§

Uit = Bu B < KR ADRATR

Rt K S5 R00 AR B ( "

B 1 AT LA 7 R O P R B 2 kB B= uH 1+3diM [+9M] a2
HEAI TR Y i SN 5 B 4Rk 3R THT R U N 5 Y R ) 20 M
A5 B8 A6k DA 0 1 JE5 I 5 ) 7 A 5 B AL Y 56 Horbr B ) o 2 BR AR R AE O BT AT 1% 0
IRV E M T AR,

By = Ks X B, (2
Ao Ko R 8800 REN S 16 2500 o B2 1Y 1% 338 &
B FR IR i B N R R R R D Y 1
RN R B R RN N
B= w(H+ M, (3
A H A & #G , M b o oRFR G AL 5
FE . B RGBT Ak 5 R 1 T 5S4 BT A e
Yy H 5 80FN B8 #EA058 FE 1Y ¢ R 78 75 T8 R
T i B o b Rk ) R0 Ak B M S5 I G i A i
M, BRI
H.=H+ oM+ H, = Ht oM,  (4)

%]—Hi] 5)

a= aJrZMJ}VEy (6)
A oM R ARG () AR B VE F = A B RES . H,
RN HVER T = A 006, o S BEREA] B AR A &
B, M, Ry JC W i G AL 58 B L o SRy TG W Wl G A 5 B
TERZE A, NI ARE S48 R 8 0 N 1, o
REA TR M, i RE AL

M= M, — Ms[coth

NG
M Hel  a
M. coth o ] .’ (7D
FAZ A AKX (D TP .
M _ L'(y H. , L0 [He )"
I\/L*L(O)+ 1 a+2! [a 4 e
n nil
L.©) [EJ +o[ H } (®)
L H Y n=2 B ZBE = IR 45 .
M= M 9

3a

FL b B R B Ty [ o i, R 3 AR
BIT7 180 = Bl o Bl IBCTE B2 B b v T L SR Y [
Uik =0 Ab,

H IR A1 55 1 S 2 40 B ) 2 BB T A, B
R RPTZ I KRN
F,x’
6 EI
s o O R [ v 19 BB L F O S 1 E g A T
AT HE N B 7, E D9 SRR RS MIEE R & T
B RFEIEARE AR R MR EHRE, L R
KE.

eI &/ H RSO0 A48 A1 R
Jrsal U B R Z B I5 ) F kA2 2P
W TE R B = AR A o Bl AR S R R N
FU— o

w(l, Ff) i

3l— 2, (13

e=w(x,[Hz= El (14
AR R T 5 AR

o(x,2) = Ee = P(li;x)z (15)
MR A 5 T8 0w B 204G
R

I = TR (16)

FERHEG b P T D 52 B 3 Al 1) 59 B 7 R
T 77 52 20l 1) ) 18 9 25 i L 3 e L
IO 3 A e 75| R G R R ) AR A L il R P T D7
(AL SR B MR RS R I P 2 4 A R

tLO
= LJ J N 2 V(R/2)" — Zo( 2, ) dzd a.

Vi
an
Bt (15) AR ARX A,
_ 32FL
0= ST(ZRS' (18)



12 1 B2

oo A - TSI 4 i 5 1% J A e B HL A R

2621

B A ARX A,

M,
_A8AFL ).

}lonZ I\A(:)IQ‘3 J

14 .
3a— M| a+

B:lJ{;H

(19

B ADO IR OMRARL DS

Uy = KSKH,UQHX
MS

3a— M, [a+

b » (20D

48 Fl ]
;u,TrZMfRS
FIAZZERE U e AKX 20T

U=U,—Uy. (21)
2 (200 7] DL 28 1l A fi oE 1% 8% H oo R
FHER S Ko Kuspo s RyAca Moy L a N E
8 bl R B S5 & w5 M A e Witk B
LA E G BRGS0 ek vT LA E o R R A AR 1k
R 7 9 AR A S AL AR T R A )
el
BRI SR 1 iRt

F1 MEERBTHHHEEENSY

Tab. 1  Parameters in output voltage model of tactile

sensing unit
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Fig. 2 Photo of experimental platform for magnet-

ostrictive tactile sensor
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