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Comparison of Computational Accuracy for Forging Simulation using Adaptive FEM and Various Mesh-
free Methods Implemented in General-Purpose Structural Analysis Software
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D (T B h7I73Iab—varH—F (T270-1166 THERILFBFTHIRERF3-36-1-801, E-mail:

tokura.sunao@tokurasimresearch.com)

Forging simulation of metallic materials involves large plastic flow, and in normal FEM, elements cannot
treat large deformations, resulting in computation errors. To address these problems, high-performance
FEM such as adaptive remeshing and various mesh-free solution methods have been developed. These
methods were applied to forging analysis, and the computation accuracy was compared with the results
of experiments in previous research and software developed for forging analysis. As a result, the
differences in computation accuracy depending on element type and solution method were revealed.
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Table 1 Material properties of AA6082
Parameter Value Unit
Density, p 2.7X10° ton/mm’
Young’s modulus, £ 70000 MPa
Poisson ratio, v 0.3 -
K 410.855 MPa
n 0.0845 -
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Table 2  Analysis Cases

Case Element formulation

+ Hexahedral solid element
1. FEM Hexa RI . .
* Reduced integration

* Hexahedral solid element
2. FEM Hexa SR . . .
+ Selective reduced integration

+ Tetrahedral solid element
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3. FEM Tetra . Reduced inteeration ® Experiment B DEFORM-3D
cduced Icgralio ——FEMRI FEM SR
* Tetrahedral solid element —FEM Tetra FEM adaptive
4. FEM adaptive | * Reduced integration ——EFG
+ Adaptive remeshing 600 -
5. EFG + Element Free Galerkin 500 -
% 400
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Logarithmic strain &,
Case Least square error Ratio
S??“ DEFORM-3D 567.9840 1.000
Lol FEM Hexa RI 564.2028 0.993
=0.0 =
08 2 &=0.04 FEM Hexa SR 635.5958 1119
0.4 FEM Tetra 607.4913 1.070
gg FEM adaptive 586.9390 1.033
‘ &=0.06 &=0.08 &=0.09 EFG 611.5976 1.077
Fig.2 Deformation and plastic strain contour Fig.3 Strain-load curve and least square error
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® Experiment B DEFORM-3D
——FEM Hexa RI FEM Hexa SR
FEM Tetra FEM adaptive
——EFG
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Logarithmic strain g,

Case Least square error Ratio
DEFORM-3D 0.04860497 1.000
FEM Hexa RI 0.02711183 0.558
FEM Hexa SR 0.01645757 0.339
FEM Tetra 0.11595669 2.386
FEM adaptive 0.07421714 1.527
EFG 0.14966218 3.079

Fig.4 Strain-Diameter Dy curve and least square error

Experiment ® DEFORM-3D
——FEM Hexa RI FEM Hexa SR
FEM Tetra FEM adaptive
——EFG
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Logarithmic strain &,

Case Least square error Ratio
DEFORM-3D 0.3605836 1.000
FEM Hexa RI 0.4208006 1.167
FEM Hexa SR 0.0879522 0.244

FEM Tetra 2.0369579 5.649
FEM adaptive 1.7317459 4.803
EFG 1.9525148 5.415

Fig.5 Strain-Diameter D, curve and least square error
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® Experiment
® DEFORM-3D

Parameter identification
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Case Least square error Ratio
DEFORM-3D 567.9840 1.000
Parameter identification 107.1738 0.189
Fig.6  Strain-load curve and least square error of
parameter identification
Experiment
B DEFORM-3D
Parameter identification
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Logarithmic strain g,

Case Least square error Ratio
DEFORM-3D 0.04860497 1.000
Parameter identification 0.02753192 0.566

Fig.7 Strain-Diameter D, curve and least square
error of parameter identification
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Experiment
® DEFORM-3D

Parameter identification
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Logarithmic strain g,

Case Least square error Ratio
DEFORM-3D 0.36058361 1.000
Parameter identification 0.02952119 0.082

Fig.8 Strain-Diameter D, curve and least square
error of parameter identification

Strain-load curve Strain-D,, curve Strain-D; curve
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Fig.9 Parameter influence curves
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Table 3 Computation time (Intel Core i7-12700K 3.5 GHz)

Case CPU Time (m:s) Zone cycle (ns)
FEM Hexa RI 9:21 95.560
FEM Hexa SR 34:48 347.699

FEM Tetra 25:46 48.128
FEM adaptive 17:30 61.513
EFG 51:52 578.165
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