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Prediction of Air Pocket Pressure in Draw Die during Stamping Process
Tae-Kyong Koo - Se-Joon Hwang” - Warn-Gyu Park ™ + Se-Wook Oh?

Yschool of Mechanical Engineering, Pusan National University, Busan 609-735, Korea
2Hyundai Motor Company, 700 Yangjeong-dong, Book-gu, Ulsan 683-791, Korea
(Received 9 August 2007 / Accepted 20 March 2008)

Abstract : Metal stamping is widely used in the mass-production process of the automobile industry. During the
stamping process, air may be trapped between the draw die and the panel. The high pressure of trapped air induces
imperfections on the panel surface and creates a situation where an extremely high tonnage of punch is required. To
prevent these problems, many air ventilation holes are drilled through the draw die and the punch. The present work has
developed a simplified mathematical formulation for computing the pressure of the air pocket based on the ideal gas
law and isentropic relation. The pressure of the air pocket was compared to the results by the commercial CFD code,
Fluent, and experiments. The present work also used the Bisection method to calcul ate the optimum cross-sectional area
of the air ventilation holes, which did not make the pressure of the air pocket exceed the prescribed maximum value.

Key words : Stamping process(Z= %] & 4), Air pocket(ll o] 3£ #), Gas dynamics analysis(7] A & 814 3| 4), Air
ventilation hole(oll ] Wl E <), Optimum cross-sectional area(3] %} T &), Inverse design method( <4 A)

Nomenclature u - velocity of air
. . _— \Y : volume of the air pocket

A : cross sectional area of the air ventilation hole (fic heat ra pf the i

. : I : specific ratio of the air
d : diameter of the air ventilation hole K sp densit

. . :ardensi

Cc  : contraction coefficient P y
h - height of air pock .

eght o .a. poc q Superscripts
m : mass of air inthe air pocket
n : number of ventilation hole n  present time |evel
p - air pressure n+l :timelevel after At from n-time level
T : temperature of the air inside the air pocket 0 inside of air pocket
t “ time 1 - outside of air pocket, air ventilation hole
V,  :punch speed j sar jet

L . left side value for the iteration of Bisection

. i . method
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R : right side value for the iteration of Bisection
method
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Prediction of Air Pocket Pressure in Draw Die during Stamping Process
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Table 1 Initia values

Punch speed, V, 0.18 m/s
Initial volume, V° 100 liters
Initial pressure, p° 1atm
Initial density, o’ 1.18kg/m®
Initial temperature, T° 27°C
Diameter of vent hole, d; 2.54cm
Stroke time, ts 0.88 sec.
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Table 2 Pressure measurement results

Relative error (%)
Punch speed
#1 #2 #3
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Table 3 Possible sub-division of holes
Drill Diameter(mm) 10.5 8.5 6.2
Number of Drilling 11 17 36
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