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Accuracy Optimization and Stability Analysis of Intelligent Pressure
Instruments under High-Temperature and High-Pressure Conditions
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Abstract : Inresponse to the issues of accuracy degradation and stability decline faced by intelligent pressure instruments
under high—temperature and high—pressure conditions on a production platform in the South China Sea, this paper
delves into the mechanism of the coupling effect between temperature and pressure and proposes a systematic
optimization plan. By establishing a three—dimensional coupling model of temperature—pressure—output error, the
impact of material property drift and nonlinear deformation on measurement accuracy is analyzed. Based on this,
wide—bandgap semiconductor materials such as sapphire and silicon carbide are used to replace traditional siicon
materials, and simulation software like ANSYS is employed to optimize the design of sensitive diaphragms and
packaging structures, enhancing the temperature and pressure resistance and structural stability of the instruments
at the physical level. An anti-interference scheme is designed for the hardware circuit, utiizing military—grade high—
temperature—resistant components to construct a precise data acquisition system based on high—temperature—
compatible ADCs and MCUs, and implementing multiple shielding and fittering measures to ensure electromagnetic
compatibility. At the software algorithm level, a hybrid compensation algorithm combining BP neural networks
and support vector machines (SVMs) is proposed. Through cleaning, filtering, and normalization of experimentally
collected data, precise correction of multi—factor coupling errors in the sensors is achieved, along with embedded
fransplantation and real-time optimization of the algorithm.

Keywords : high-temperature and high-pressure; intelligent pressure instruments; coupling effect;
structural optimization
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