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Research on the performance of piezoelectric multi-dimensional
force sensor based on d,; mode

Li Fen,Hou Xiaojuan,Zhang Xin, Fu Xiaoyan,He Jian

(State key Laboratory of Extreme Environment Optoelectronic Dynamic Measurement Technology and Instrument ,

North University of China, Taiyuan 030051, China)

Abstract ; With the rapid development of modern manufacturing, robotics, precision measurement and other fields, the demand for multi-
dimensional force sensors to accurately measure multi-directional forces has become increasingly prominent. Research on piezoelectric
multi-dimensional force sensors has been initiated to address the problem of improving the accuracy of force control and feedback in robot
arms and complex mechanical systems. Based on the dj; mode of piezoelectric ceramics, this paper designs a piezoelectric multi-
dimensional force sensor that can accurately measure forces in the X, Y, and Z directions. The sensor adopts a cubic structure, and the
piezoelectric sheets are placed vertically to the X, Y, and Z axes, respectively to achieve independent measurement and self-decoupling
of multi-dimensional forces. The parameters and meshes are set in COMSOL Multiphysics to simulate and analyze the stress distribution
and deformation of the overall structure when loads are applied in different directions. A three-dimensional sensor measurement system is
established by combining a microcomputer-controlled electronic universal testing machine, sensors, and signal acquisition equipment to
achieve three-dimensional force measurement and analysis. The study shows that the force in each loading direction can be accurately
applied to the target piezoelectric sheet through a reasonably designed transfer path, and it is able to test the normal force of 0~500 N (Z
direction) and the shear force of 0~200 N (X and Y directions). The designed sensor has good dynamic response capability, high
sensitivity, precise directional resolution and relatively stable repeatability, with a sensitivity of 0.080 V/N in the Z direction,

0. 110 V/N in the X direction, and 0. 113 V/N in the Y direction, and crosstalk in each direction is less than 0.2%. It has a broad
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application prospect in the field of multi-dimensional force measurement, providing important experimental data and theoretical support

for the design and optimization of multi-dimensional force sensors.

Keywords : d,; mode; multi-dimensional force sensor; piezoelectric ceramics; finite element analysis

0 5l

i3

B LA A E il it A e 00 ek 45 0 R gk
R, ZHE TG BARAENLAS N TR MR =)7L
SFAUEG R H AR, JEHE AT RS I 3 AN T7 1 1
RIS | D RE ISR 4 1T ) 2 15 T A B T
AL A g JEC T 3 e BEL R AR X R s
Frr 2 A R A e BEL I 7 RS 4 A TR B
T A (BN ko B AR X R0 BT IR T B
B AL AR5 SRR, i3 T2 e AL IR
ViR TIRBE 5k, (A5 S 0%, 5 2 IR BER A s e vl
LR BAT S AR R A | R R A B R
FUAT, [ A S 1 2 2 ) AR A i S U 0 2 e
A PRSI BT S BOT P CE A T T

WHEE ST R 8 43K 4-4 TUAR IE SS N 4k 1
BRGSO T 52 5 00 R 1 4 e 5 /) 0 1
B AHHEH TUAR BN 1R AU R 5 2 A A
TAERE, Li SNy DIRLY y, DIRLATSE S A A S
A, 5 I PR IFIBA B Y s SR AR A SRy, DA AT
PRJEE B v 2% i) R B LAWK G SR T T A% T
2 KA Jey R T JRE e SR A L B 32 i TR 22 R I
AL IRAR S I WRER R A5 £ X3 3y J 2 ) k2 1
BT T RERA O N GE T A5 A , i o 1 ooy
A A SE BN g B TC 7 1wl 1R 43 1 (EL LA 4 5 e 5
PRZ A EE L Z AT A7 AE vh 58, HOR 58 2278 BR 22 UM &
(TR TE IR . 4B 4O T Pt R BRI T e
P 5 A o S AR i O s A S A e s {H
A ] 1 e A At 42 o S TORLRE S, By S B R A
7 BRI PR B — B, 52 W A5 B RS S T AR
SRAGFUG LA ) BTN 2 A4Sy, BROTALR A R AR,
L2 A AR B 5 S S A JRy il i 2B R
HL T I R] AR B v £ RO ORI AR 5, (3% 24
it B2 AA T AL IR AN FL T AR I, 3890 2R S8 A
AbBRFER

BN BRI A B SR IR A BT i TR
i i — S LA R UE DA S SR 2 05 Ak B ) RS, AR SC A
— R dyy B ST 5 RS R TR L 2 Y D R A
ARIEER RS XY Z B B R 7 A R, S B = 4
JIAB LI R A AR A 2 M S T 20K
(e i 8 P25 7 1 0 A e R BEURE AR 5, ik S B Tk
BRI BRI , PR — M SN S R A AR T 5

1 DT HiEE

FEHMBHE: e A A AZ O3B, LA r %R
RARR e AR 52 B A1 ) B 4 s A e, e s & A= ek,
MNTAEA AR ™ A6 f g, A I B BRI A RM S AN
HLRI AR . i F A% B LS R P R F A s 3 —
FEEBA RN R R B L R LA A RE R TR, BT 4R
JEHL By H B % (A a0 S AR Ph (Ze, Th) O,
PZT) JEHL R A Y MR B &2 A AR, R H 55 R
PZT PR AR 1 1 Hi A 0 v A R 8T ) 32 o
KBS DR N 5, TR G WA 2 A # R
LB AR A 1 | B TS A 2 M AT g R A R T R
& AR

AW BERE d,, B PZT 18 S ) o 14, & 3
FEFEH AR 3 5 1m) (3 B ) A e B R
[F] — 7 ) 7= A= H gy oL P R N, A 1 BTN, Gt TG
W 250 T 5 0E S R B 2 SE B R = 4k
(F, F F) &,

[ z.

YF ) :
[1]1] . ;
Tt Ao, | oS W)
e R (1) ; i /et
lmmﬁraj e NMW &
’;/aﬁ A
P —
)
(a) VT ) (b) 394175

(a) Normal force (b) Shear force

1 dy, B
Fig. 1 dj; mode

dy, B PZT AR (B 2) e R AR 1 PR,
M FTAS: d, {EAE 380~430 pC/N [i], 114 15 H 22 B0k %
BAK, TR AR B b RE A A R ot AR v
PR ZE 25 M A5 ) e L REAEAE — € 22 5. XRD ( X-ray
diffraction ) I3 4N 1€l 3 Bz, i i 2 B PZT HA gAY
FASERET 2544, (200) T A BRI 424, e B AR AR
TR ZETEAR AT 00 7 R LA 5 R 4 A HL R BIORT TR
HLRE, B0 (11 I BB M B 8, 28 Bz d kLR
R R ERE, 38 FH T 2 U8 RN S R M Y
.



a6t

34 8 L F£ ¥ I
e [ )
[} 4@
3
®
5 06

K2 PZT ARG
Fig.2 PZT with different points

®1 FRMEERZREH

Table 1 Piezoelectric coefficient at different positions
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Fig.5 Sensor simulation cloud diagram
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