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Abstract

Spline coupling has been widely used in automotive, aerospace and heavy equipment industries as
an important functional component for transmitting force and torque due to its advantages of large
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contact area, high load carrying capacity and low stress concentration. Although the grinding pro-
cess can effectively improve the surface performance of the spline, the processing is complex, with
many influencing factors, and the stress-strain analysis using the traditional analytical method can
only estimate some simple problems, which can not be applied to the processing of complex parts.
This paper is based on the finite element method to study the deformation law of the workpiece,
introduces the principle of finite element analysis, and uses the DEFORM-3D platform to numeri-
cally simulate the thermal coupling state of the spline tooth forming process, and the results show
that the maximum stress of the forming occurs in the tooth groove, and the axial, tangential, and
radial forces all decrease significantly with the rise of the deformation temperature and the de-
crease of the strain rate. This study helps to deeply understand the stress-strain evolution charac-
teristics in the spline grinding process, and provides theoretical support for the grinding burn inhi-
bition of complex tooth structures.
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Figure 1. Simplified mold model
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Figure 2. The relative angle between the tooth profiles of three molds
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Table 1. Simulation parameters for spline shaft rolling forming
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Figure 3. The stress distribution cloud map of the workpiece that continuously changes with the increase of axial feed rate
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Figure 4. The strain distribution cloud map of the workpiece that continuously changes with the increase of axial feed rate
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Figure 5. Axial strain cloud map
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Figure 6. Radial strain cloud map
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Figure 7. The Cloud map of metal flow velocity distribution at axial feed rate s = 12 mm
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Figure 8. Curve of rolling force variation along various directions of the mold at room temperature
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Figure 9. The variation curve of tangential force at different deformation temperatures (strain rate v=0.1s™!)
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Figure 10. Radial force variation curve at different deformation temperatures (strain rate v = 0.1 s™")
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Figure 11. Axial force variation curve at different deformation temperatures (strain rate v = 0.1 s)
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Figure 12. The torque variation curve at different deformation temperatures (strain rate v=0.1 s™")
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Figure 13. The variation curve of tangential force under different strain rates (deformation temperature 7= 950°C)
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Figure 14. The variation curve of radial force under different strain rates (deformation temperature 7'=950°C)
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Figure 15. The variation curve of axial force under different strain rates (deformation temperature 7= 950°C)
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Figure 16. The torque variation curve under different strain rates (deformation temperature 7'= 950°C)
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