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Abstract

In this paper the forming simulation of circular bulge by using PAM-STAMP has been
performed to estimate the sheet metal forming and the plastic deformation characteristic of
circular bulge. The uniaxial tension tests and bulge tests are carried out for studying the
forming characteristics of materials, and also Moiré experiment are carried out for
measuring the radius of curvature of the bulge and the polar compressive thickness strain.

In order to compare the simulation results with the experiment and Hill’'s theory, the
relationships between radius of curvature and polar height of the bulge, between hydraulic
pressure and polar height, and between polar compressive thickness strain and polar height,
are used.

According to this study, the results of simulation and Hill’s theory are good agreement
to the experiment. So, the results of simulation by using PAM-STAMP and Hill’s theory
will give engineers good information to assess the formability and plastic deformation
characteristic of hydraulic circular bulge test.
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7] A
N° : number of elements
7% . contribution of contact forces
m* . consistent mass matrix

c*m®. mass proportional damping matrix
p¢ : internal force vector
f° : body force + surface loading
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Table 1 Detail characteristics of finite element ‘model

Blank Blank Holder
Num. of nodes 560 260
Num. of elements 480 225
Length of x-axis 70 -
Length of z-axis 70 -
Element type shell
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Fig. 2 Deformation profile of circular bulge
analysis by used PAM-STAMP
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Table 2 Mechanical properties used for models

- . Blank Blank
lement
Mild steel Cu Al Holder
. Ani. Ani. Ani.
Material Type ela/plastic | ela/plastic | ela/plastic Null
Denstiy(kg/mm®) | 7.8e-06 89e-06 | 27e-06 | 7.8¢-06
E ( GPa )} 210 1298 70.6 210
Poisson’s ratio 0.3 0.343 0345 03
K (GPa) 0.538 0.35 0.1483 -
Strain offset{ ¢ o) 0.016 0.01 0.009 -
Hardening 023 008 0,024 -
exponent (n)
R (Rankford
coefficient) 1.37 094 053
Thickness 08 10
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Table 4 Time control condition

Condition
Termination 1
Number of state for time history 1000
Number of state for plot history 10
Scale factor for time step 09
Subcying No
Time step Large, Bend
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Table 3 Boundary conditions and process conditions used in the finite element method

BLANK BLANK HOLDER
contact interface
type : 15-contact slave master
blank/tool

center node node of x-axis node of z-axis blank holder and clamping part

x-displacement fixed free fixed fixed

y~displacement free free free fixed

Boundary condition | z-displacement fixed fixed free fixed

x-rotation free fixed free fixed

y-rotation fixed fixed fixed fixed

z-rotation free free fixed fixed

. |

g:)?lﬁ;?ogn friction'0.3 penalty:0.03 search freg:10 contact damping:0.1 type'static pressure
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Table 5 The results of uniaxial tension test
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Table 6 Results of H' for experinental material

o] 4% w4y

Material 301111.& c/Y € H’'
direction
1.05 | 0.0029
0 1.13 0.0069 | 18.1
1.18 | 0.0099
1.06 0.0029
Al 45 1.14 0.0069 | 20.06
1.19 0.0099
1.04 0.0029
90 1.11 0.0069 | 14.62
1.14 0.0099
AverageH' |H'=1/4%x(14.62+2 % 20.06+18.1)=16.85
1.06 0.029
1.12 0.058
0 1.16 0.086 1.9
1.20 0.113
1.24 0.139
1.06 0.029
Cu 1.12 0.058
% [Ti7 [ooss | 20
1.22 0.113
1.06 0.029
1.12 0.058
% 118 Tooss | 2!
1.24 0.113
AverageH’ H'=1/4%(19+2%20+2.1)=20
1.07 0.035
0 1.201 0.067 4.1
1.328 0.098
1.07 0.035
Mild steel 45 1.201 0.067 4.1
1.328 0.098
1.07 0035 |
90 1.203 0.067 417
1.332 0.098
AverageH'| H'=1/4X(4.17+2X4.1+4.1)=4.12
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