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Abstract

Taking a variable cross-section, variable wall thickness, and constant velocity universally drive in-
termediate forging shaft as the research object; because of work hardening during the forging pro-
cess, the work hardening degree of different sections of the blank after forging is different, resulting
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in different strengths. To obtain the axial strength distribution of the forged shaft after forging, a
combination of theory, simulation, and experiment was used. Firstly, the forged shaft was divided
into ten regions based on the different outer diameters and wall thickness. The equivalent strain of
the cross-section was calculated based on the deformation of each region of the forged shaft. The
strength changes of each region after forging were obtained by combining the material work hard-
ening curve. After data correction and fitting, the axial strength distribution of the forged shaft after
forging was obtained. Then, the accuracy of the theoretical solution is verified by analyzing the
equivalent stress and strain of the typical area after forging through Deform simulation. Finally,
hardness testing was conducted on typical areas to further validate the rationality of theoretical
and simulation analysis. The hardness test results are very close to the theoretical calculations, in-
dicating that it is feasible to use segmented methods to calculate the axial strength distribution of
the rotary forging shaft.
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Figure 1. Dimensions of forged shaft blank (a) and product (b)
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Figure 2. Division model of different regions of rotary forging shaft
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Table 2. Outer diameter and wall thickness in different regions
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Table 3. Equivalent strain of cross-sections in each region
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Figure 3. Stress strain and work hardening curves of 25CrMo4
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Table 4. Strength changes in various regions after rotary forging
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Figure 4. Axial strength distribution of rotary forging shaft
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Figure 5. Rotary forging models without core rod (a) and with core rod (b)
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Figure 6. Distribution of stress (a) and strain (b) in T10 area after rotary forging
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Figure 7. Distribution of stress (a) and strain (b) in T9 region after rotary forging
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Figure 8. Stress (a) and strain (b) distribution in T5 area after rotary forging hardening
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Figure 9. Hardness testing location of rotary forging shaft
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Table 5. Hardness measurement results of different cross-sections
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