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Numerical simulation study on composite forging-rolling forming
process of railway axle
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Abstract . Railway axles are heavy axial components with individual weights exceeding 400 kg, currently manufactured in mass production
primarily through open die forging and swaging processes. However, these conventional processes suffer from limitations such as low pro-
duction efficiency and poor material utilization. The three-roll cross-wedge rolling (3R-CWR) process, with its advantages of high effi-
ciency, material saving, and superior product quality, has emerged as a promising alternative forming technology to replace traditional
forging for railway axle manufacturing. Numerical analysis of the complete forming process of railway axles was carried out, which includes
transfer of the billet from the feeding device to the forging station by manipulator, preforging of the workpiece ends using four dies, transfer
of the workpiece to the three-roll cross-wedge rolling mill by manipulator for forming, and removal of the formed axle from the rolling mill.
Numerical simulation analysis of the described axle manufacturing process was conducted using Forge software based on finite element
method. A complete numerical model covering the entire process of manipulator transfer-preforging-rolling-removal was established; a

V-shaped forging die step-by-step preforging process was proposed to solve the end concavity problem; the three-roll cross-wedge rolling
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process parameters were optimized to achieve efficient and precise forming. The research results indicate that the proposed production

method can achieve a production capacity of 60 pieces per hour, with forming load below 2. 7 MN, torque less than 450 kN - m, the dam-

age function values in the core region of the workpiece less than 0. 3, and effective prevention of internal cracking defects.

Key words: three-roll cross-wedge rolling; numerical simulation; FEM; railway axle
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Tab.1 Time allocation for each forming process

Process Time frame/s Duration/s Explanation
Feeding transfer 0-5.6 5.6 Manipulator takes and transfers material from feeder 1
The first forging 5.6-12.1 6.5 V-shaped forging die forges end of axle into an oval shape
The second forging 12.1-18.6 6.5 Conical end is formed vertically
Workpiece transfer 18.6-25.6 7.0 Transfer to mill feeder
Preparing for rolling 25.6-34 8.4 Push into rolling mill, manipulator back
Cross wedge rolling 34-64 30.0 Main forming process
Finished product discharge 64-71.7 7.7 Push to receiving slot
Reset 71.7-85 13.3 Die reset
Next cycle begins 86 — Achieve overlapping production
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Fig. 5 Temperature variation during railway axle three-roll cross wedge rolling process
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