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Influence of mold loading mode on closed forging process for transmission
spiral bevel gear
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Abstract: There are usually multiple moving molds in closed forging. Therefore, the loading mode between moving molds is one of the im-
portant factors affecting forgings quality. In closed forging process of spiral bevel gears, there were defects such as low mold life and insuf-
ficient filling of forgings. For this problem, a moving mold was added on the basis of original mold structure, and the closed forging
process of spiral bevel gear was modeled and simulated by finite element software Deform-3D. Furthermore, the influences of four loading
schemes of upper and lower punches on forgings quality and mold were studied, and the flow and filling law of material, the temperature
distribution law of forgings and the variation law of mold load were analyzed respectively. The results show that the forgings with good qual-
ity can be obtained by adopting the improved mold structure, and the defects of insufficient filling can be eliminated. Meanwhile, the forg-
ings with better quality and mold with longer life can be obtained by adopting the third loading scheme.
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Fig. 1  Schematic diagram of spiral bevel gear forgings
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Table 1 Mechanical properties of 20CrMnTi steel
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Fig. 2 Schematic diagram of die structure for closed die forging

(a) Before improvement
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Fig. 3 Forming effect diagrams of forgings

(a) Simulated forgings
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Table 2 Loading schemes of upper and lower punches
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(b) Actual forgings
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Fig. 4 Distribution of velocity field

(a) Velocity distribution at end of forming
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Fig. 5 Temperature distribution diagrams of forgings under different die loading modes

(a) Scheme 1 ~ (b) Scheme 2
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Fig. 6 Diagrams of load variation law under different die loading modes
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Fig. 7 Physical maps of dies and forgings

(a) Upper die  (b) Lower die
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