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Comparative study on the processes of two-way
upsetting-extrusion precision forming of spur gears

GUO Kaiyuan, ZHANG Ruhua, WU Ze, ZENG Guangyuan

(School of Mechanical and Electrical Engineering, Nanchang University, Nanchang 330031, China)

Abstract; This paper aims to realize spur gears precision forming and overcome the deficiencies of traditional
processes such as large forming force and complex mold structure. Two kinds of improved forming processes
were proposed based on the existing spur gears forming of two-way upsetting-extrusion with tooth shape punch.
The influence of friction on load under different forming processes was analyzed. The numerical simulation
study of three kinds of forming processes was carried out by using the finite element simulation software
DEFORM -3D. It was proved that forming spur gears with toothless punch was superior to that with tooth
shape punch in load and die structure, in which the load value of upper and lower punch of two-way upsetting-
extrusion with toothless punch was decreased by about 55% compared with that with tooth shape punch. The
load values of upper and lower punch of two-way upsetting-extrusion with toothless punch were decreased by
about 50% and 38% compared with that with asymmetrical punch, suggesting that the manufacture of toothless
punch is easier and with higher strength than tooth shape punch. The maximum effective-stress of the new
process was the smallest among the three schemes, and the change was normal with no destructive
phenomenon. Thus an optimized two-way upsetting-extruding precision forming process with toothless punch
was proposed and studied. A test-piece with clear tooth profile, full filling, no folding, and no cracking was
obtained in the experiment, and the results were basically consistent with the simulation results.
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Fig. 1 Schematic diagram of three kinds of forming schemes: (a) two-way upsetting-extrusion with tooth shape punch; (b) two-

way upseltting-extrusion with asymmetrical punch; (¢) two-way upsetting-extrusion with toothless punch
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Fig.2 Filling process of two-way upsetting-extrusion with tooth shape punch: (a) 20% lower pressure; (b) 92% lower

pressure; (c¢) 100% lower pressure
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Fig.3 Filling process of two-way upsetting-extrusion with asymmetrical punch: (a) 20% lower pressure; (b) 92% lower

pressure; (c¢) 100% lower pressure
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Fig.4 Filling process of two-way upsetting-extrusion with toothless punch: (a) 20% lower pressure; (b) 92% lower pressure;
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Fig.5 Load-stroke curve of three kinds of schemes: (a)
two-way upsetting-extrusion with tooth shape punch;
(b) two-way upsetting-extrusion with asymmetrical
punch; (c¢) two-way upsetting-extrusion with tooth-
less punch
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Fig.7 Diagram of experiment die
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Fig.8 Process of physical experiment: (a) blank; (b) failed test-piece of spur gear; (c) final test-piece of spur gear
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