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Abstract - For the last ten years, there has been a significant 
research interest in metal micro forming. However, neither a 
methodology nor exact micro mechanical properties have been 
properly determined. Traditional numerical programs are also of 
little use in analyzing cases on a micro scale. This study presents 
several experiments that demonstrate the results of simulation and 
estimate the feasibility of electrodeposited copper on micro deep 
drawing process. These simulation results were carried out by an 
analysis program, which was created by the authors. Based on 
comparisons between the experimental results and simulation 
results, an analytical limit and a feasibility of electrodeposited 
copper on micro deep drawing process was found. To find the 
analytical precision of this program for micro-scale numerical 
analysis, the study compares the experimental results from a micro 
deep drawing test and simulation results from numerical analysis. 
The electrodeposited copper was chosen as the experimental 
material. From the experimental results, the analytical precision of 
this program was determined on micro scale and the feasibility of 
electrodeposited copper on micro deep drawing process had been 
found. 
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I.  INTRODUCTION 

 Owing to the trend towards the miniaturization of 
3C devices, medical devices, sensor devices, and energy 
devices, the need for micro parts is constantly increasing. 
Initially, the manufacture of micro parts was highly 
dependent on the development of lithographic technologies, 
especially LIGA-processes Bulk production, with high 
accuracy, can be achieved with these technologies, but costs 
are correspondingly high and the choice of materials is quite 
limited. However, among the micro-manufacturing 
processes, micro forming has economic and ecological 
benefits namely its high production rate, low material scrap 
rate, net shape production, and the improved mechanical 
properties. But some problems on micro forming process 
need to be worked out.  

Grain size effect used to explain the difference between 
macro and micro forming process [1]. Different materials 
had been selected to investigate the size effect on the flow 
stress curve for various grain sizes and specimen 
thicknesses. And the T/D(specimen thickness/ specimen 
grain size) ratio was presented to indicate the influence of 
size effect on micro tensile test [2]. New program for the 
simulation of micro extrusion had been created and found 
the analytical limit on micro extrusion process was found[3]. 
In order to determinate the LDR (Limit Drawing Ratio) on 
micro deep drawing process, thin steel foil of 0.1mm 
thickness had been used for micro deep drawing process [4]. 
    To reduce the size effect on micro forming process, the 
electrodeposited copper has been chosen for conducting 
micro deep drawing process. Then the comparison between 

experiment results and simulation results could be found. 
According to these results, the feasibility of electrodeposited 
copper on micro deep drawing process was determined. 
 

II. Basic theory 

    The simulation program was developed with 
reference to two basic theories, updated Lagrangian 
formulation and the Elasto-plastic material model. Many 
papers have used this program for conducting finite element 
analysis in authors’ previous works. Both theories are 
explained blow. 
A. Finite element governing equation.  

In the updated Lagrangian formulation (ULF) (Yamada 
et al. 1968), the configuration at each deformation stage is 
used as the reference state to evaluate the deformation over a 
very short time tD . The first-order theory satisfies the 
accuracy requirement.  The virtual work-rate equation, for 
the ULF equation, is written as 
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where ijs  is the Cauchy stress tensor, ij
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s  is the Jaumann 

rate the Cauchy stress tensor, kj

·

e  and 
ikL  are the strain rate 

and velocity gradient, respectively, V  and 
fS  are the 

material volume and the surface on which the traction is 
enacted, respectively and 

ind  and 
if

·  are the virtual velocity 

and the rate of nominal traction, respectively. 
For discretization of the finite element, the large governing 
equation, for large deformation can be written as follow: 
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In this equation: 
[ ]K  is termed the whole elasto-plastic stiffness matrix. 

}{ uD  is termed the increment of nodal displacement. 

}{ FD  is termed the increment of nodal force. 

B. Elasto-plastic material model.  
When material is in the elasto-plastic state, its total 

strain rate 
mne�  can be separated into an elastic strain ratee

mne�  

and a plastic strain ratep
mne� , as shown by  
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The stress-strain relations of elasto-plasticity are shown as  
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If the material is isotropic, then the formula for elasto-

plastic material can be written as follows  



kl

klij

klijjlikij
E

H

E
E

e

n
s

ss
n

a
dd

n
n

dd
n

s �
�

]
)

1
'

3
2

(2

'')
1

(3

21
[

1 2

+
+

+-
-

+
+

=
                                                                                  

�� 5��  
The plasticity state exists for 1=a . The elastic state exists 
for 0=a . 
 

III. Experiments and numerical analysis 

A. Material properties. 
To determine the mechanical properties of the 

electrodeposited copper foil,  electrodeposited copper of 
70um thicknesses was used in a micro tensile test. Then the 
mechanical properties of this material, including yield 
strength, young’s modulous and anisotropy was shown in 
Table 1. From the testing results, electrodeposited copper 
have almost the same characteristic in three directions of 
testing sample. The anisotropy at each direction is all about 
0.018.  So it could be seen as a homogeneous material. 

 
Table I Mechanical properties of electrodeposited copper 

Material 

Young’s 

modulou

s 

[GPa] 

Yield 

strength 

[MPa] 

Anisotropy 

0° 45° 90° 

Electrodeposite

d copper 
75.2 84.15 0.0181 0.0181 0.0180 

 
B. Experimental setup. 

A 10kN précised material testing system was used to 
conduct the micro deep drawing test. Using the data 
acquisition system, the relationship between punch load and 
punch stroke in the strengthening process can be shown 
immediately. Fig. 2 shows diagrammatical representation 
and dimensions of the test equipment. Punch diameter is 
6.0mm with 1mm punch radius. Die radius is 1.5mm and the 
gap between punch and die is 0.18mm. 
 

 
Fig. 1 Dimension of tools for micro deep drawing test 

C. Numerical analysis 
    The business package software, I-DEAS, was used for 
pre- and post-processing of the FEM. The friction between 
the blank and tools was determined by using Coulomb’s 
friction law. A triangular element was chosen for specimen 

meshing before proceeding with simulation. The mesh has 
rectangular and four-node shell elements. The shell element 
refers to the neutral surface of a blank. Fig. 2 shows all parts 
after meshing. 
    Focusing on the thickness direction of each node, the 
program automatically produced upper and lower integral 
points in the shell element. The vertical distance between 
these two integral points is equal to the thickness of the 
blank. In simulating the blank, appropriate boundary 
conditions had to be imposed. The central node constrained 
displacement on the X and Y plane and rotation around the 
Z-axis. 

 
Fig.2 All parts after meshing 

 
IV. Results and discussions. 

A. Punch load and stroke. 
    Fig.3 shows the simulation result and experiment result of 
the relationship of punch load and stroke. Both simulation 
and experiment results were almost the same before the 
blank enters the die. But when the blank had been drawn 
into the die and the blank began to come into contact with 
the die wall, the simulation result and experiment were quite 
different due to the friction coefficient became non-
constant. That’s so called “open lubricant pocket” on micro 
forming process. According to this result, the traditional 
method isn’t suitable for micro forming process. 



 
Fig. 3 Load – Strike curve 

B. Smooth surface and rough surface. 
Both surfaces of electrodeposited copper foil do not 

have the same surface condition because of it’s producing 
limit. One surface is smooth and light. But the other side is 
rough and dark. The difference of these two surfaces was 
shown in Fig.4. Fig.5 and Fig.6 show the micro structural of 
both side of electro deposited copper with 200 
magnifications. Fig.7 shows two products which the outer 
surface is smooth and the inner surface is rough. When the 
smooth surface of the specimen contacts the die surface on 
drawing process, the cup’s surface condition is quite good. 
But when the rough surface of the specimen contacts the die 
surface, the cup’s surface condition is bad and wrinkle 
would appear on the cup’s surface severely. That’s because 
the different roughness on the same specimen. 

 

 
Fig. 4 Different surface conditions 

 

 
Fig.5 The micro structural of smooth surface 

 
 

 
Fig. 6 The micro structural of  rough surface 

 

 
Fig. 7 Different out surface condition 

 
V. Conclusions. 

    This study demonstrates the feasibility of this program 
for analysis on micro forming process with homogeneous 
foil which thickness is under 0.1mm. It also estimates the 
feasibility of electrodeposited copper foil on micro forming 
processes. The following conclusions can be drawn from this 
study. 

Both simulation result and experiment result are almost 
the same till the contact occurring between blank and die 
wall. When the blank had been drawn into the die, the both 
these two results became quite different due to the non-
constant friction coefficient between blank and die wall. So 
it’s not easy to simulate the micro forming process until 
creating the new method for determining the 
microtribological behavior on micro forming process can be 
created.  
Electrodeposited copper almost has no anisotropy at three 
directions on the same plane. This phenomenon may reduce 
the grain size effect on micro forming process and make the 
traditional method useful when the specimen thickness 
becomes thinner. But different surfaces condition on both 
surface of this material need to be solved for producing high 
quality of products. 
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