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Abstract

Due to their large contact area and high load-bearing capacity, spline connections are widely used in
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aerospace, automotive, and heavy machinery industries. The machining quality of splines directly af-
fects the stability and reliability of transmission systems. Although the rolling forming process has
proven effective in enhancing the surface performance of splines, systematic theoretical investigations
on this process remain limited. This study focuses on the rolling forming process of involute spline
shafts, analyzing the kinematic characteristics and identifying the underlying causes of tooth profile
errors. Three approaches are proposed to mitigate these errors: modifying the die pitch p, maintaining
a constant transmission ratio, and altering the feed method. Through comparative analysis of the fea-
sibility and applicability of these strategies, axial feeding is selected as the most effective method for
minimizing tooth profile errors. Based on the principle of volume constancy and actual process param-
eters, the minimum required billet diameter is determined to be 50.13 mm. The findings provide a the-
oretical foundation and practical guidance for improving the precision of spline rolling forming.
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Figure 1. Schematic diagram of tooth profile machining error
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Figure 2. The influence of radial feed on tooth pitch and tooth profile position
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Figure 3. Changes in pitch p
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Figure 4. The linear velocity relationship of nodes under radial feed
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Figure 5. Changes in tooth pitch
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Figure 6. Node motion trend under axial feed mode
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Figure 7. Filling effect with billet diameter 4 = 50.13 mm
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