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Characteristics Analysis of Pneumatic Nozzle Flapper
Three-way Valve Control Cylinder
YIN Yaobao', LI Lei', YUAN Jiayang', GUO Shengrong®

(1. College of Mechanical Engineering., Tongji University, Shanghai 200092;
2. Nanjing Mechatronic and Hydraulic Engineering Research Centre, Aviation Key Laboratory of

Science and Technology on Aero Electromechanical System Integration, Nanjing 210061)

Abstract: It is commonly used to bleed air in aero-engines system with the asymmetric cylinder of the three-way
pneumatic valve control cylinder which is composed of a fixed orifice, a variable orifice with different nozzle-flapper
type and a vessel. Based on the theory of the valve control cylinder, we have built up the mathematical model of the
pneumatic three-way asymmetric cylinder differential system, and got the influence rule of air source, control valve
and the cylinder’s structure parameters for the cylinder’s static and dynamic characteristics. The cylinder’s response
speed can be improved by measures for increasing air filling rate and reducing air requirements, such as increasing
fixed orifice diameter, reducing the piston effective action area, increasing air source pressure and so on. The theo-
retical analysis is consistent with experimental results.

Keywords: three-way pneumatic valve control cylinder; nozzle-flapper type; fixed orifice; variable orifice; vessel
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Fig. 1 Operation principle of air control valve
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Fig. 2 Sketch of differential system of three-way

pneumatic valve control cylinder
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Fig. 3 Theoretical results and experimental results of static

characteristics of three-way pneumatic valve control

cylinder
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Fig. 4 Displacement and pressure response characteristics

with time of actuator cylinder
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Fig. 5 Static characteristics of three-way pneumatic valve

control cylinder under different orifice diameters
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Fig. 6 Displacement response characteristics of actuator

cylinder under different fixed orifice diameters
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Fig. 7 Static characteristics of three-way pneumatic valve

control cylinder under different bleed pressure
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Fig. 8 Displacement response characteristics of actuator

cylinder under different bleed pressure
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Fig. 9 Displacement response characteristics of actuator

cylinder under different volumes of chamber. 1
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Fig. 10 Displacement response characteristics of actuator cylinder
under different active contact areas of piston and

control chamber
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