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Simulation Technology that Contributes to Process Design

H R
NAKASAKI Morihiko

Synopsis:  The simulation for plastic deformation has been actively conducted in the field of manufacturing of materials
and car parts. The number of prototypes and verification processes can be reduced by applying the simulation
to the process design.

The examples of in-house developed simulation technology for plastic deformation and their specific

application were outlined. In the hot forging process, various problems regarding the process design and the
die life were improved by applying the simulation. The three-roll type ring rolling simulation was developed,
and the reason for good formability in cross section was clarified. In the rolling and free forging process of
steel bar, the simulation for central void closure was conducted. The result concluded that the parameter that
serves as the indicator of void closure used in free forging process can also be applied to rolling process. With
regard to techniques for preventing the internal defects in high carbon tool steel and for closing the micro-level
void, measures for further improvement have been found by linking the actual observation and the simulation.
Thus, the simulation for plastic deformation process is the extremely useful tool for the optimum process
design.

Keywords: plastic deformation; simulation; CAE; process design; hot forging; ring rolling; rolling; free forging; die life; void

closure; synchrotron X-ray analysis; laminography.
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Fig. 3 Schematic diagram of forging process for bearing blank.
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Fig. 25 Plasticine test of roughing passes. (Top: Square-
Diamond, Bottom: Round-Oval)
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Fig. 26 Transition of Gm the hydrostatic stress parameter
during rolling.
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Fig. 27 Variation of cross sectional shape of plasticine bars during rolling experiment.
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Fig. 28 Relationship between pass schedule and >Gm. Fig. 29 Transition of =Gm+ for each pass.
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Fig. 30 Manufacturing routes for steel bar. One includes free-forging process.
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Fig. 31 Estimated >Gm+ for various size of product by

conventional and present mill.
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Fig. 32 Micrographs of center defects; (a) Remained porosity after free forging, (b) Crack caused by overheating, (c) Porosity observed

in micro-segregation area.
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Fig. 34 Effect of narrow anvil on the temperature distribution of product after free-forging (1/4 model).
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Fig. 36 CAE analysis results of equivalent strain (& eq) at 30%
compression for S25C and SUS316L.
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Fig. 35 Morphology change of high aspect ratio porosity (micro-void) in compression.
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