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Ultra-High Pressure Sensor with Autofrettaged Cylinder Structure
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Abstract: An ultra-high pressure sensor based on autofrettage technology and piezoresistive effect is developed to
remove the residual stress in packaging and to ensure a high sensitive output in pressure measurement with a large
range. The elastic element is made of high strength spring steel with cylinder structure, and the sensitive element is
silicon flat chip with an inverted cup structure. When the pressure is applied to the metal elastic element, the axial
deformation of the metal elastic element is occurred and passed to the chip via a pass rod, then the chip's resistive
signal is proportional to the axial deformation based on the piezoresistive effect. The pressure measurement is
accomplished by measuring the resistive signal. In the study of working ability of the elastic element, the load bearing
strength of the elastic element is researched by combining the theory and simulation, and the autofrettage technology
is used to improve the loading ability of the elastic element. Finally, the static performance experiments in 250 MPa and
1 000 MPa ranges are carried out for a packaged sensor respectively. The experiments show that the comprehensive
accuracy of the sensor is 2.3%, the linearity is 0.7% in 250 MPa and 0.52% in 1 000 MPa . The simulative and
experimental results both indicate that the metal elastic element with autofrettaged cylinder structure is able to
endure ultra-high pressure beyond 1 000 MPa, and the developed sensor can meet the measuring demand of the
contemporary industry.

Keywords: ultra-high pressure sensor autofrettage technology piezoresistive effect Micro-Electro-Mechanical
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