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High-precision constant pressure control of gas in
variable leakage chamber

PU Chenwei, LUO Hui, WU Jie, LIU Lei, QIAN Pengfei”
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In precise testing and control occasions, a stable air pressure supply is often required. However, the use of pressure regulating
valves has low accuracy and slow response, which cannot meet the requirements of high-precision air supply and is difficult to deal with leakage
situations. A high-precision constant pressure control system based on Fuzzy Pl was designed for small volume chambers by using a proportional
valve with high frequency response. In order to verify the effectiveness of the system under leakage conditions, an additional proportional valve was
connected to the chamber to carry out a series of experimental studies under three conditions of confinement, constant leakage, and variable
leakage. The results showed that the designed constant pressure control system can adapt to a variety of harsh operating conditions. The maximum
steady-state errors of the pressure control for the 10 L, 20 L and 30 L chambers were around 610 Pa, 550 Pa and 490 Pa under the condition of
greatly varying leakage, respectively. The pressure control precision achieved was close to the precision of the pressure sensor itself, much higher
than the precision regulated by the traditional precision pressure reducing valve, and much faster in response. In addition, the test results also
showed that the designed controller has good adaptability to the chambers with a volume range of 10 L to 30 L.
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Fig. 1 Schematic diagram of fuzzy Pl controller
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Fig. 13  Continuous step pressure control of chamber with proportional valve B simulating large amplitude

varying leakage at [ 0.25sin(0.25mt) +4.25] V
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Tab.3 Root mean square error of continuous step pressure control of chamber under various leakage conditions

EE iy 16 1 B P HyJy iR 22/ Pa

HLE/V HB/L 0.1 MPa HERJES) 0.2 MPa HAR/ES 0.3 MPa HARJE S 0.4 MPa HARIE S

10 153.8 165.9 170.6 170.0

4.25 20 119.8 129.7 131.4 132.9

30 116.8 122.7 127.2 133.1

10 153.9 164.7 165.3 173.8

0. 1sin(0.25mt) +4.25 20 121.2 121.7 131.7 137.6

30 114.6 114.8 128.1 135.3

10 157.0 174.3 175.4 204.3

0.25sin(0.25mt) +4.25 20 134.8 145.9 146.4 187. 1

30 118.2 128.2 144.6 168.0
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