%57 % 43 N % xR @ K F F R Vol. 57 No. 3
2023 4 3 H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Mar. 2023

HENEBRAEEER =% EFRSTH

G, TEEM ., ZEERE ., HEE
(T RAPUB T RE2EBE . 250024, FEm)

HE. ARSI ERBAEGERREREEZ LRABSRZEEZIRFRFAPNAE. B0 TR, SR,
B EZEAHMNETER.EATREARRCH (PVDF) E & 3§, 25451 8 5 H R 32, 4] 7 1 69 4] R
PEAFABMBENE,ET T IAER AN EL R N R B, IEENAANLA
WH LR ABERA FANANZHELEMAZTENMIE AN YR, & THITASMNE, KX T PVDF
JE W GG A B, R A5 A FRAAT AW A R B e AR 45 &0 7 ok AT AR R B R
EWTATHHITTRIE, AR TELSXABBELEBR =W EREHI, 2L FEHS
AR ER A ERE RS, FRERAN . AAERERREAAGEIRE GEAAMEFHFL.3AF
BAE LRI £ 0T 0.2%  f 4848 24 1. 2% A A, L4 Mk it B & 3K0H 45 A 48 509 4k
GEZRNBERBEGHEMRRNRLBR AL ERTEFI T TALELNE ANERLE A,
KBER: = ABRE  RBARCH Ew BB A ARE ;T8

hESES. TN06; THS23 XHibRER: A

DOI: 10.7652/xjtuxb202303013 X E#HS: 0253-987(2023)03-0139-11

Development of Combined Self-Decoupling Piezoelectric Thin Film
Three-Dimensional Force Sensor

ZHAO Peng, WANG Guicong, LI Yingjun, YANG Zhikang

(School of Mechanical Engineering, Jinan University, Jinan 250024, China)

Abstract: Given the bottleneck problems of a traditional three-dimensional force sensor, such as
non-linear error and large error of inter-dimensional coupling, and the measurement demand of
the three-dimensional force with heavy load, high frequency, and strong impact, a piezoelectric
thin film three-dimensional force sensor with a diamond configuration of pillars is designed by in-
novatively using the overturning moment generated by impact force based on polyvinylidene fluor-
ide (PVDF) piezoelectric thin film and combined with parallel load sharing principle. The dia-
mond configuration of the pillars enables the sensor to compensate for inter-dimensional coupling.
Each pillar is approximated to be affected by a single overturning moment and therefore combined
measurements can be made. The optimal arrangement of PVDF piezoelectric thin films is investi-
gated. The feasibility of the sensor design scheme is verified by combining theoretical analysis, fi-
nite element simulation analysis and experimental verification. A combined self-decoupling piezoe-
lectric thin film three-dimensional force sensor prototype is developed. Quasi-static and dynamic

calibration experiments are carried out respectively. The experimental results show that the im-
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proved sensor has the characteristics of high sensitivity and high natural frequency, the three-di-

rection non-linear error is less than 0. 2%, and the inter-dimensional coupling error is less than 1.

2%. Tts structure design can counteract the inter-dimensional coupling. The three-dimensional

force sensor has important application value and potential in high-precision bearing ball cold up-

setting and transient strong impact scenarios.

Keywords: three-dimensional force sensor; polyvinylidene fluoride; piezoelectric thin film; inter-

dimensional coupling; heavy load
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Fig. 1 Three-dimensional sensor diagram
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Fig. 2 Parallel load sharing schematic
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Fig. 3 Schematic diagram of sensor measurement
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Fig. 8 Column strain nephogram
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Fig. 19 Fy loading characteristic curve
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