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A Study on the Formability of Ellipse Panel
by Finite Element Method
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Abstract : In this paper the forming simulations of ellipse bulge have been researched by using
PAM-STAMP"™ to estimate the sheet metal forming and the plastic deformation characteristic of
ellipse bulge. Thin elliptical diaphragms of brass, copper,' aluminum, and mild steel are bulged in
elliptical dies having aspect ratios of 1.33 and 2

In order to compare the simulation results with the experiment and ellipse bulge’s theory derived
by using Johnson and Duncan’s theory, the relations of hydraulic pressure and polar height, polar
thickness strain and polar height, were compared.

According to this study, the results of simulation and ellipse bulge's theory derived by using
Johnson and Duncan’s theory, and the bursting pressure and the bursting polar height are good
agreement to the experiment. So, the results of simulation by using PAM-STAMP"™ and the ellipse
bulge’s theory will give engineers good information to make assessment the formability and plastic
deformation characteristic of hydraulic ellipse bulge test.
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N¢ : number of elements

r% ¢ contribution of contact forces

m © consistent mass matrix

¢“m°: mass proportional damping matrix
p¢  internal force vector

7% body force + surface loading
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Fig. 2 The analyzed profile of mild steel at
pressure of 6.86 MPa

Table 1 Detail characteristics of finite element model

Blank Blank holder

Aspect ratios (b/a); 2.0 133 20 1.33
No. of nodes 560 | 1164| 260 661
No. of elements 480 | 1100| 225 600

Length of X-axis 60 60 - -
Length of Y-axis 30 45 - ~
Element type shell
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Table 2 Mechanical properties used for models
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Blank
Element Mild steel Cu Al Brass Blank holder
. Ani. Ani. Ani. Ani,
Material type ela/plastic ela/plastic ela/plastic ela/plastic Null
Densitiy(N/m®) 76.49 87.86 26.48 83.84 76.49
E ( GPa ) 210 129.8 70.6 100.6 210
Poisson’s ratio 0.3 0.343 0.345 0.35 0.3
K ( GPa ) 0.538 0.35 0.1483 0.69 -
Strain offset( € o) 0.016 0.01 0.009 0.03 -
Hardening exponent (n) 0.23 0.08 0.024 0.202 -
R (Rankford coefficient) 1.37 0.94 0.53 1.06 -
Thickness (mm) 0.8 1.0
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Table 3 Boundary conditions and process conditions used in the finite element

Blank Blank holder
Corltactty Iljréterface Slave Master
center node I;Ofi:Xi(;f I;,O_dfxizf clag)r;gting
x-displacement fixed free fixed fixed fixed
y-displacement fixed fixed free fixed fixed
Boundary z-displacement free free free fixed fixed
condition x-rotation free fixed free fixed fixed
y-rotation free free fixed fixed fixed
z-rotation fixed fixed fixed fixed fixed
Loading friction penalty search freg contact damping type
condition 0.3 0.03 10 0.1 static pressure
& 33 AlZt =3 =7 (Time control condition)
223 master-slave &1L £33 29 & Table 4= Ao A}&¥ A7 2AZAL A7
master, £33 & slavee= AYPom, £&F A g ot 7] Time scale factor7t 0,99 2 &
SR i RS et AV o
SRS 9 2B AU AAAE BHD Y oe o ann ame e b
2 ANUAFEY AVE AASE sta AA A
% 39 AREE AU B 25 W gpzmpe mre e gio s 2z Az
# 2Ad 7 A S HeAE ARG T zugss Al Fooggd gol A6 9
i xF40 AT noded] EEE yH WILERE AAS)
aPAA I YA B gAY F AA e,
yE74d ¥ noded £FE xF HFozE I Oty =aMin{ ot Aty Aty) (6)
AA7I YA e 39 F dA Ao

Table 4 Time control condition

Condition
Termination 1
No. of state for time history 1000
No. of state for plot history 10
Scale factor for time step 09
Subcying No
Time step Large, bend

Table 5 The results of uniaxial tension
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2o o 2

Heat- YP T.S e
treatment | (MPa) (MPa) ( %f) R K i €0
Mild-steel |as-received| 2.26 3.02 35.1 1.37 53.8 0.23 0.016
Cu as-received| 2.06 2.21 19.5 0.94 35.0 0.08 0.010
Al as-received| 1.08 1.23 35 0.53 14.83 0.024 0.009
Brass |as-received| 2.87 4.71 31.61 1.05 69.00 0.202 0.030
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