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Abstract

During stamping processes, the air trapped between sheet metal and the die cavity can be highly compressed and
ultimately reduce the shape accuracy of formed panels. To prevent this problem, vent holes and passages are sometimes
drilled into the based on expert experience and know-how. CAE can be also used for analyzing the air behavior in die
cavity during stamping process, incorporating both elasto-plastic behavior of sheet metal and the fluid dynamic behavior
of air. This study presents sheet metal forming simulation combined simultaneously with simulation of air behavior in the
die cavity. There are three approaches in modeling of air behavior. One is a simple assumption of the bulk modulus
having a constant pressure depending on volume change. The next is the use of the ideal gas law having uniform pressure
and temperature in air domain. The third is FPM (Finite point method) having non-uniform pressure in air domain. This
approach enables direct coupling of mechanical behavior of solid sheet metal and the fluid behavior of air in sheet metal
forming simulation, and its result provides the first-hand idea for the location, size and number of the vent holes. In this
study, commercial software, PAM-STAMP ™ and PAM-SAFE™, were used.
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Fig. 1 Schematic illustration of uniform pressure by
bulk modulus
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Fig. 4 Schematic illustration of pressure load by FPM

Table 1 Comparison of air behavior modeling

Bulk Modulus| Ideal gas FPM
Pressure | o 5.2 | pv=mRT | pv=mRT
Law v
Solver PAM- PAM- PAM-
STAMP™ | SAFE™ SAFE™
Options CF + CF + CF +
fluid cell airbag FPM
Air vent hole X Local outlet| Local outlet
AVH Size Size
Variables 8 Number | Number Position
Cal. Time little little very
(vs. C.F.) slow slow slow
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Table 2 Comparison of analytical and simulation
result (50% compression)

Bulk
Modulus

Ideal gas | FPM

Pressure | Analytical |0.000071|0.000161|  x

(GPa)  |Simulation|0.000071|0.000177 |0.000177

Temperature | Analytical | x 395.8 x
(K)  |simulation|  x 3942 | 3942
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Blank Holder

(b) FPM view at section(YZ plane)
Fig. 8 FE model and section view

Table 3 Material properties of blank sheet

Young’s Modulus(GPa) 210
Poisson’s ratio 0.3
Density(Kg/mm3) 7.8E-06
Anisotropy Behavior(ry/rss/rgo) 1.85/1.37/2.02
Hardening curve(K/gy/n) 0.58/0.0079/0.23
Table 4 Air gas properties
Bulk modulus(GPa) 0.000142
Temperature(K) 300
Universal Gas Constant 8.31441
Molecular Weight(kg/mole) 0.02897
Specific heat (kN-mm/K-mole) 28.11
Table 5 Process conditions
Termination time(ms) 58
Punch stroke(mm) 58
Friction coefficient 0.15
Blank Holding Force(kN) 100
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(a) conventional forming (b) bulk modulus forming (c) ideal gas forming without air vent hole

(d) ideal gas forming with air vent hole (e) FPM forming with air vent hole
Fig. 9 Deformed shapes at stroke -36mm

N =) ==

(a) conventional forming (b) bulk modulus forming (c) ideal gas forming without air vent hole
'
(d) ideal gas forming with air vent hole (e) FPM forming with air vent hole

Fig.10 Deformed shapes at stroke -10mm

- \

(a) conventional forming (b) FPM forming with air vent hole
Fig.11 Deformed shape at stroke -2mm
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3
Table 6 Thinning distribution
Minimum | Maximum

Conventional forming -0.147 0.317
Bulk modulus -0.142 0.313
Ideal gas without AVH -0.118 0.486
Ideal gas with AVH -0.134 0.317
FPM with AVH -0.116 0.318
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Fig.13 Velocity magnitude of air

CONTACT FORCE (Z direction)

-800

—&- Conventional Forming
& —Ar- Bulk Modulus
< -1600F
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Fig.14 Contact force on Punch

Table 7 Contact force calculation

Max. Force(KN)
Conventional forming 33
Bulk modulus 48
Ideal gas without AVH 310
Ideal gas with AVH 76
FPM with AVH 81
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