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Design and experimental test of the bionic magnetostrictive
tactile sensor for depth and shape detection
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Abstract: The depth information of object surface topography is of great significance for intelligent robots to detect object surface features
and human-computer interaction. Inspired by the mechanism of animal hair perception, a novel bionic magnetostrictive tactile sensor unit
and array are designed. Based on the inverse magnetostrictive effect, Euler-Bernoulli beam theory, and Hooke's law, the output voltage
model of depth detection is derived. The simulation study determined the optimal bias magnetic field and array spacing. The output
characteristics of the sensor unit under static and dynamic conditions were tested. In the depth detection range of 0. 05~4. 8 mm, the
sensitivity is 185. 72 mV/mm, and the response time and recovery time are 31 ms and 43 ms, respectively. It has good repeatability,
and the coupling effect of the output voltage between the units in the sensor array does not exceed 2. 4% . The sensor unit and array are
installed on the manipulator. When the appropriate sliding speed is selected to slide through the surface of different objects, various
depths, and morphologies are accurately measured according to the output voltage waveform. The results show that the sensor unit and
array can provide a reference for depth and morphology detection.
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Fig. 1 Bionic tactile sensor unit design

BRAR 2N AL AR BT % 0 e i, R St K -4 A
SR T | ) PR TR R T o R AR Sk v SR Ab
TR E ST T il sk b, SRS L IT AR e B [
YRR JRC S B J7 7K S T30 K R AR Ry 4 5 22 1 A3t O 8
Yy, TMR & 5845 0 A8 % B J5 O, SR A5 5 e de S
{5 S L AT AL,

1.2 fRRERE Tt BEEE

WA 22 PN g s AR B 3 A 4 R
7 T R BT R i Y TMR A SRS A T 28] i Je 107 s o
AR IR g LR U, TMR A% I8 2% F 2275 ¥ R
L UL RN Uy 43 50 T [y e R A7 ) o R
] TMR 428 A% H LR U R

U=U, - U, (1)

BER, R, 403 TMR A4 2% 76 1E | S 1] # 10 A
AR B, Ry M AE ARG, R, (R, . FI R, ZTH] Y G
ESR

RH - Rl

RM=T (2)
U, MU, N
B, U
U, = +1] = (3)
HS_HU+(2/RM)HS 2
- B, U
Uy = +1) = (4)
H, - Hy + (2/R,) H, 2

P (1) ~(4) ,15 TMR L& B E U .

Uy
“H. —H, + (2RO A (3)
A Uy W E R ER A B IE, B, S TMR &A% Ab (1)

U




216 f# £ ¥

a5k

JENSRIE  H MR AIRESRIE  Hy W IR G
BRERZZ N PR IV 5 BE B, 5 TMR A% 8% g Ak IR
BESEEE B, Z I IIEHR N

B, =K,B,, (6)
A K ﬁffﬁi%%ééwjﬁﬁéﬁ”ﬁ 5 JE 5 TMR 4 A8 A f
TR iR B 2 ] 0 A e R

MR YE LN R T

B, =d,o +uH (7)

K ody, HEWRE o IR u R 2 0G5 H
Ryl T SR

H TR 22 AT 14 JLART RS 3zt /0 3 il g J LA R
b, R A R A R R P AR A e Al
Ry Bl TR R T 2Ry A YR T I hy 2 hEST
AR . BRHEATE « WIS 53 A E SN =0, AR
P ERHL~ A 55 R) 2 ) 2 B B 92 o Bl aE e B
RN o S F ZHEBERN .

Fx’

w(x,F):6—E[(3l—x) (8)
K E N R & 1 oy B 8O 5, 0 o B 3
Kz,

R H MR o SHEINT F ZEP RN

FI’

= 3EI (9)
RN RBY ﬂﬁﬁ?ﬁﬁﬁhfﬁ%ﬁ 15,

f /R -7 dz—f (10)
Ez)ﬁlf“/ﬁj\]:

e _F(l-x)z
£ =w (x,F)z—iE] (11)
BRER 22 B )53 A0
U=E8=F(l_x)z (12)

I
TERRERZZI0) I ph St in 3, BRAR 22 (4 LR T AT 3%
THT 23 7359 77 A — AL R g R R 3, R R ) %o B R
22 DTS R SR i 2 ) A DR T L Z8 W TS ) W
GEROE NS oS IR SSINIDSE

o, = =7H 2R = o (x,z) dzdx (13)
hf:(ll)\(lbﬁ/\ﬁ(lﬁ T
o, =% (14)
3R
Hi(6) ~ (14) 153
4d,Fl
B, :K5(3112R3 +,uH) (15)

NS F=0 N i, TMR {288 0% th iU s U, A
HZZH R R (15) AR (5) 15

. K.U. 4d,,Fl e
TH, - H, + (2/RM)HS(3qT2R3 +“H) ~ Uy (16)
i (16) TN, BBV 4E 2 AR B ek L T U 5
N F ZIBIRY5e 2, 2456 3 Kht S e R b =
Bk
TEW ST, B ¢ 5 i e sy E BN, R
B 2 AT AR RS BT E T iR N S, ¢ AT & 43 AR
TR 2 B RN R, % SRk [ 23 ] Ay A
T AT SRR 2 AR ER R SF R R B K
1 1
K K,

+
A= =

(17)

T
&
TNNNAAANATT

WW\H/ -
uwme/

NAANAARATT

Py

-x_f_’__-

2 Wt ER
Fig. 2 Sliding analysis diagram
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Table 1 Parameters of the model
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Fig. 3 The simulation results of output voltage changing with

magnetic field strength and force
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Fig.4 Comparison of experimental values and theoretical

values of different lengths of iron gallium wire
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Table 2 Comparison of performance parameters
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