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Mathematical modeling of a piezoelectric bimorph actuated force motor

assembly for electrohydraulic servo valve
LING Jie!, PENG Hongtao!, LI Yunqi!, ZHANG Wenxing?, KANG Jiahao?,

ZHU Yuchuan'

(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astro-
nautics, Nanjing Jiangsu 210016, China
2. Xi’an Flight Automatic Control Research Institute, Aviation Industry Corporation of China, Limited,
Xi’an Shaanxi 710065, China)
Abstract: Replacing the torque motor with a piezoelectric bimorph improves electrohydraulic servo valve
response, simplifies the pilot stage, and enhances stability. Yet existing actuator models fail to explain con-
straint effects on output. This paper develops a mathematical model using piecewise and equivalent principles.
An equivalent actuator was designed for the jet-deflector stage, and tests under different constraints were
conducted. Results show that a 4 mm reduction in extension led to the largest static displacement decrease of
27.7 um, the maximum dynamic resonance amplitude drop of 1.9 dB, and resonance frequency increase of
15.9%. A model including hysteresis, linear dynamics, and hydrodynamics was then built, with static/dy-
namic simulations validated against experiments. In static output, simulated hysteresis was 11.6% vs. exper-
imental 11.2% (RMS error 2.5 um); in dynamic output at 600 Hz, the maximum RMS error was 5.7 pm,

confirming accuracy. This study offers theoretical guidance for actuator design and optimization.
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81.4 15.1 685
AEI2 18 4 24 81.4 15.8 674
81.9 16.4 662
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26 81.7 15.1 684
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Fig.8 Mode shape function solution results
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Fig.9 Hysteresis model identification results
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Fig.11 Simulation and Experimental Comparison Results un-
der Variable Feedback Rod Length
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Fig.10 Simulation and Experimental Comparison Results un-
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Fig.12 Simulation and Experimental Comparison Results un-
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