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Concurrent Engineering Approach to the Die Design of Metal Forming
Processes using Rapid Prototyping and Finite Element Analysis

K. Park*, J. W. Yoon*, D. Y. Yang*, J. R. Cho**

ABSTRACT

In this work, rapid prototyping and three-dimensional finite element analysis are simultaneously applied
to the die design of metal forming processes. Rapid prototyping is a new prototyping technology which pro-
duces three-dimensional part models directly from CAD data and has been extensively applied to various
manufacturing processes. There are many types of rapid prototyping systems due to their building princi-
ples and materials. In this work, Stereolithography Apparatus(SLA), which is the most widely used rapid
prototyping system, is introduced to manufacture the die set. For general preparation of STL file, which is
the standard input file of rapid prototyping system, mesh data which are used in describing the die surface
in finite element analysis are translated so that rapid prototyping and finite element analysis are effective-
ly connected. A die set for spider forging and a clover punch for deep drawing section are manufactured
efficiently using SLA prototypes, and metal forming experiments are carried out using them. Comparing
the result of experiments with that of analyses, the processes can be predicted and designed successfully.

Key Words : Rapid Prototyping(4 332 Z3%), Stereolithography Apparatus(328%), Metal Forming
Process(£47}-), Finite Element Method (fr38.4%), Concurrent Engineering($A133)
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(a) Schematic diagram of SLA system
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(b) Three~dimensional building process

Fig. 1 SLA system
(a) Schematic diagram of SLA system
(b) three dimensional building process
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Fig. 2 Structure of a STL file
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O 2003V + 201300 + QY + 2003,
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Fig. 3 Physical and transformed regions
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Fig. 4 Schematic description of BEAM element
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Fig. 5 Dimension and sectional view of a spider
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Fig. 6 Geometry of the billet

Fig. 7 Die configuration and initial mesh
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Table 1. Heat transfer characteristics of AISI4145
Thermal conductivity 301 W/m K
Specific heat 883 Jkg K
Density 7850 kg/m®
Emissivity 0.75
. to the die: 75x10°° W/m K
Heat transfer coefficient to the air: 60x10° W/m? K
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(a) initial mesh (b) 50% height reduction

(c) 81% height reduction (d) final shape
Fig. 8 Deformed shape at each stage
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Fig. 9 FE mesh of the die (spider)
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Fig. 10 Experimental setup for plasticine forging
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(a) initial billet (b) 50% height reduction

(d) final shape

(c) 81% height reduction

Fig. 11 Deformed shape at each stage
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Fig. 12 FE mesh of the punch and die{clover)
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(c)stroke:35mm

(a)initial shape (b) stroke:20mm

Fig.13 Deformed shape at each stage
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Table 2. Mechanical property of RT-432

Compressive strength 10 - 12 kgf/mm®
Tensile strength 6- 8 kgf/mm®
Impact strength 45 - 55 kgf/mm’
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Fig.14 Clover punch products
(a) steel punch (b) SLA prototype (c) Epoxy punch

Fig. 16 Deformed shape at cach tage
(a) initial shape (b) stroke:20mm (c) stroke:35mm
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