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ABSTRACT

The incremental forming process employs several tens or hundreds of continuous local strokes, so the entire process is
difficult to analyze due to much computation time and large computer memory. The objective of this work is to propose a
new numerical scheme of the finite element method, automatic expansion of domain (AED), and to reduce computation time
and computer memory. In the AED scheme, an effective analysis domain in each local forming step is defined and then the
domain is automatically expanded in accordance with the repeated process. In order to verify the validity of the criterion for
the AED scheme and the applicability of the AED scheme, two-dimensional incremental plane-strain forging process is first
analyzed using the proposed scheme with various criteria and full domain. In addition, three-dimensional incremental radial
forging process is analyzed to verify the applicability of the proposed scheme to a practical incremental‘forging process.
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Fig. 1 Concept of the automatic expansion of domain
scheme
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Fig. 2 Treatment of boundary conditions for AED scheme
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Table 1. Comparison of the computed results for the full
domain with those of the AED scheme for the full
stage in two-dimensional incremental forging process

o . Number of
Criterion of Corr%r:gz::l 08 1 elementsinthe | Error
AED(E - Jsec) (sec) analysis domain (%)
(ca)
10° 106 99 6.49
102 25 114 6.42
107 160 150 1.00
10* 170 182 0.28
10° 236 327 0.01
Full 305 1260 -
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Fig. 5 Comparison of the deformed shapes and effectwe
strain distributions between full domain analysis and
the AED scheme

Table 2. Comparison of the computed results of the full
domain and AED scheme in 2D processes

Full
AED domain Remark
Computation Time
(sec) 870 1301 33%0
Number of elements
in analysis domain(ea) 308 1260 76%l
Maximum effective 2%
strain 0.95 0.97 Difference
Maximum effective 4%
strain rate { /sec) 0.24 0.23 Difference
Error (%) L7 - -
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Fig 6 Creation and movement of analysis domain for the
incremental radial forging process using the AED

scheme

Table 3 Comparison of the computed results of the full
domain and AED scheme in 3D processes

Full
AED domain Remark
Computation Time(hrs) 104.8 3277 68 %l
Number of elements in
analysis domain(ea) 3,851 14,104 73%l
Stage 1 1.32 - -
Error Stage 2 2.20 - -
0,
(%) Stage 3 2.84 -
Stage 4 2.71 - -
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