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Process scheme design and numerical simulation analysis on hot die forging for
34CrNiMo6 steel three-turn crankshaft

Yuan Lei, Ran Junjun
( Department of Nuclear Engineering and New Energy Technology, The Engineering & Technical College of Chengdu University of
Technology, Leshan 614000, China)

Abstract: For a three-turn crankshaft made of 34CrNiMo6 high strength construction steel, the hot die forging process scheme was devel-
oped by the combination of numerical simulation and process experiment. Firstly, the high temperature rheological behavior of as-forged
34CrNiMo6 high strength construction steel for the three-turn crankshaft was studied, and the high temperature rheological model of
34CrNiMo6 steel was established by software DEFORM. Secondly, the initial process scheme was simulated to analysis forming process,
filling situation, temperature distribution and equivalent strain distribution of pre-forging and final forging parts, and the three-turn crank-
shaft balance block was not fully filled. The reason was that the metal was hard to fill the “high rib and thin wall” balance block cavity
and it was easier to flow out from the bridge with less resistance to form flash. On this basis, a modified process scheme was proposed to
add a resistance wall structure in the local part of die. The numerical simulation results show that the filling effect of pre-forging and final
forging parts is effectively improved. Finally, the process experiment was carried out with the modified process scheme of adding resistance
wall, and the results show that the forgings are fully filled and no forging defects.
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Table 1 Chemical compositions of 34CrNiMo6 steel

( %, mass fraction)
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Fig. 1  Samples of hot compression experiment

Table 2 Parameters of hot compression experiment
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Fig. 2 True stress-true strain curves of 34CrNiMo6 steel under different deformation conditions
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Fig. 3 3D model of three-turn crankshaft
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Table 3 Calculation parameters of each balance block for

three-turn crankshaft

S5 1, 2 T3, 4 T 5. 6
P 1. 047 1. 869 1. 068
B 12. 024 13. 505 11.021
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Table 4 Setting parameters of finite element simulation
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Fig. 4 Pre-forging process and numerical simulation results of pre-forgings

(a) Stage 1 (b) Stage 2

(e) Distribution nephogram of temperature for pre-forgings
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(c¢) Stage 3

(d) Filling condition of pre-forgings

(f) Distribution nephogram of equivalent strain for pre-forgings
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Fig. 5 Final forging process and numerical simulation results of final forgings

(a) Stage 1 (b) Stage 2

(e) Distribution nephogram of temperature for final forgings
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(c) Stage 3

(d) Filling condition of final forgings

(f) Distribution nephogram of equivalent strain for final forgings
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Fig. 9 Dies and forgings

(a) Bottom die of pre-forging
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