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Design of Pure Mechanical Structure and Performance
Research of Wide Spectrum Precision Pneumatic Buffer Device

Shilong Fan Qi Zhang’
Dalian Jiaotong University, Dalian, Liaoning, 116028, China

Abstract

To address challenges in multi-specification steel pipe conveying buffers for welding pipe production lines—including narrow
adaptability range, difficulty in springback control, and complex electrical control systems—a self-designed 63 mm cylinder-
diameter wide-spectrum purely mechanical pneumatic buffer device has been developed. This system eliminates electro-proportional
components, achieving full-condition buffer control solely through manual throttle valve (F1/F2) opening matching, with the relief
valve serving only as pressure protection. Based on momentum conservation and ideal gas isothermal process theory, a dynamic
model for the buffering process was established, deriving correlation formulas between throttle valve opening and buffering
characteristics, while defining controllable critical conditions for springback within 0-200 mm. Experimental validation was
conducted using a test bench to evaluate buffer performance for 3-68 kg steel pipes under actual welding pipe production line speed
specifications. Results demonstrate that within a conveying speed range of 2.0-3.5 m/s, the device achieves precise buffer acceleration
control (8.2-24.0 m/s?) through F1/F2 opening matching, maintains stable springback within the designed 0-200 mm range, and
eliminates rigid impacts across all operating conditions. This fully meets the precision buffering requirements for welding pipe
production lines, providing a purely mechanical solution for multi-specification workpiece conveying.

Keywords
pneumatic buffer device; pure mechanical structure; throttle valve opening matching; broad-spectrum adaptation; welded pipe
production line
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