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Hot forging process on superalloy GH4169 bolt
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Abstract: The hot forging process of superalloy has the characteristics of thermal-mechanical coupling and multi-parameter interaction,
and the distribution and evolution of temperature field and stress-strain field are complex. It is necessary to obtain optimal process parame-
ters by numerical analysis before the test. Therefore, for superalloy GH4169 bolt, the single-pass and multi-pass hot forging processes of
bolt were compared and analyzed, and the influence laws of process parameters such as initial hot forging temperature for head, pressing
rate, friction coefficient, heat transfer coefficient and die pre-heating temperature on hot forging pressure and strain uniformity of forgings
were studied. The results show that the target bolt part cannot be formed by the single-pass hot forging, and the multi-pass hot forging is
required. The hot forging pressure decreases with the increasing of initial hot forging temperature for head and increases with the increasing
of friction coefficient and pressing rate. The strain uniformity is better when the initial hot forging temperature of head is higher or the fric-
tion coefficient is smaller. Finally, the optimized process parameters of hot forging for superalloy GH4169 bolt were obtained, and the
parts with excellent performance were obtained through hot forging test.
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Fig. 1 Schematic diagrams of bolt sizes
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Fig. 2 Changing curves of main parameters for superalloy GH4169 with temperature
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Fig. 3 Distributions of metal flow for bolt head during single-pass hot forging process

(a) Forging model
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Fig. 4 Schematic diagram of three-pass hot forging process
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(b) Strain distribution
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(a) Horizontal path
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Fig. 9  Distributions of strains along horizontal and vertical paths under different friction coefficients
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Fig. 10  Distributions of hot forging pressure in each pass under different friction coefficients
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(b) The third pass
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Fig. 11 Distributions of equivalent strains in the third pass under different initial hot forging temperatures of head
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Fig. 13 Distributions of equivalent stresses in the third pass under different initial hot forging temperatures of head
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