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Synergistic ionic capacitive and Hall effect-based
flexible multi-dimensional force sensor

PAN Mingxu', WANG Fan', LIU Jiaxi', ZHAO Jibin', ZHU Wei?, LIU Ping®
(1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China; 2. School of Microelectronics, Hefei Uni-
versity of Technology, Hefei 230601, China)

Abstract: A high-sensitivity capacitive pressure sensing unit was fabricated using polyvinyl alcohol(PVA ) and
nanocellulose fibers as the matrix and calcium chloride and sodium borate as ionic sources, combined with an
inverse molding process. This unit, featuring an ionic dielectric layer with leather-inspired surface microstruc-
ture, demonstrates a maximum sensitivity of 24. 6 kPa~! within 0-500 kPa, a response time of 35 ms, and cy-
clic stability exceeding 1 000 cycles. Meanwhile, a tangential force sensing unit based on a triaxial Hall chip
was designed, showing a magnetic induction intensity variation rate of approximately 1. 362X 107% T/N over a
tangential force range of 20 N. By integrating the developed pressure and tangential force sensing units, a
robotic multi-dimensional force sensor was constructed and applied to plugging/unplugging tasks of electric
power inspection robots. Experimental results confirm that, based on multi-dimensional force sensor signal
characteristics, the robot can monitor and discriminate typical states, such as slippage, normal operation, and
jamming, in real time during plugging/unplugging operations, significantly enhancing the robot’s operational
perception and safety.

Key words: multi-dimensional force sensor; capacitive; Hall effect-based; plugging/unplugging opera-

tions; intelligent robot
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