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Abstract In this paper, attempts were made to design a preform for a final punch inexpensively using the proposed
approximate optimization method or metamodel-based simulation optimization. The design objective of this work is
to achieve a uniform distribution of effective strains, the angle dimension of the preformed punch is chosen as a
design variable, and maximum underfill ratio is used as a constraint. For this optimization, a computer simulation
of a practical punch forging process is run using DEFORM software, in which a preformed punch(workpiece), a
master punch(upper die), and a bottom die are dealt with. A validation method is introduced to determine if the
simulation results match the actual forging process. In addition, this work presents the detailed design optimization
procedure consisting of (i) generation of an initial metamodel, (i) metamodel optimization, (iii) validation of
metamodel-predicted optimum, and (iv) metamodel improvement.
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[Fig. 2] 2D drawings provided by TNP Corporation
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(©)

[Fig. 31 3D CAD models created by SolidWorks S/W
(a) preformed punch (b) bottom die (c) master
punch

(€Y (b)

[Fig. 4] System layout for punch forging process
(a) before forging process (b) after forging
process
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[Fig. 5] 1/8 punch model used for DEFORM simulation
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[Table 1] Preprocessing data for DEFORM simulations

movement of | friction | movement . no of
. . material
upper die coeff. velocity elements
67° 494mm
> 4.62mm
T 4.25mm %

0.10 736 SKH51 100,

80.2° 4,09mm mmy/sec 000
7851° 4.20mm
7872 4.19mm

[Table 2] Simulation results of 1/8 punch modelé

0 f volume g <1%
67 0.110202 31,83 1.73%
7 0102158 35001 -09%%
[Fig. 7] (Continued) . 7 0079236 35647 -022%
© 0= 77 () 6= 802
© 0= 7851° () 6= 78.72° 802 0.088036 B4 022%
7851° 0074387 571 001%
O uA 3: Aged Aa59 4= 7877 0076851 BB 002%
« T 2004 e 2AF A A Sl e A Bd
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[Table 3] Main parameters of preformed and target

punch
target punch preformed punch friction
height volume height volume | coefficient
min | 2500 | 281684 | . | min | 008
md | 525 | 260 | ™0 | B2 | 118 [Tmd | 010
max | 25.50 2874.27 max | 254 max | 012

[Table 4] Optimal solution predicted by the proposed
optimization technique

4 f

7851° 0.0771

WS FUB MR
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0.115
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20,108
M
w 01
w
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0.079238 [80.2, 10.080]

65 0 5
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(a) Starting model
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(b) Improved model
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(c) Checking if convergence

[Fig. 8] Metamodel imitating expensive simulation
behaviors for approximate solution.
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