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Simulation and Analysis of Key Material Performance for Piezoelectric
Sensors under High-temperature Irradiation Coupling Fields

ZHOU Chengning', HE Pan', CHEN Xueying', LIU Caixue' , HUANG Yanping', LIU Yisong'"’
(1. State Key Laboratory of Advanced Nuclear Energy Technology » Nuclear Power Institute of China, Chengdu 610213,
China; 2. School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The safe, stable and reliable operation of pumps. valves. drive mechanisms and other key equipment in nucle-
ar power plants urgently requires piezoelectric sensors with stable performance, and piezoelectric ceramics are key materials
for sensors. In order to obtain the changes of mechanical and electrical properties of piezoelectric ceramic materials under
high-temperature irradiation coupling fields, an irradiation simulation model of piezoelectric ceramic materials is established
by using the models of y-ray irradiation, atomic displacement damage simulation and analysis, and molecular dynamics.
These models are studied with the different temperatures of 300 K, 573 K, 755 K, and 800 K, and different primary knock-
on atoms (PKA) of 10 eV, 30 eV, and 50 eV. Simulation calculations and analysis show that the piezoelectric ceramic mate-
rials have more defects under the coupling field of high temperature and high irradiation dose, which changes the mechanical
and electrical properties of materials, leading to damage to piezoelectric ceramic materials and changes in piezoelectric proper-
ties. The results are applied for the characteristic analysis of piezoelectric ceramic material performance changes under high
temperature irradiation coupling fields, and provide a theoretical support for piezoelectric sensor development in high temper-
ature and high irradiation environments.

Keywords: vibration sensors; high-temperature irradiation; piezoelectric properties; piezoelectric coefficient
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