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ABSTRACT 

 

This paper presents a preliminary experimental study of the 
factors affecting the micro-EDM process aiming at obtaining 
a deeper understanding of the micro-EDM die sinking 
process. In particular, the machining response at micro-scale 
of materials metallurgically and mechanically modified has 
been investigated. Tests were conducted that involved pro-
ducing micro-EDM holes in course grained (CG) Al1070 
with an average grain size of 300 �m and Ultra Fine Grained 
(UFG) Al1070 with an average grain size of 0.6 �m, produced 
by Equal-Channel Angular Pressing (ECAP). These experi-
mental trials were carried out under different levels of applied 
energy, voltage, maximum current and pulse duration in order 
to identify the effects of these process conditions on the ob-
tainable surface roughness, wear ratio, craters and spark gap. 
The results of this investigation have revealed that, by refin-
ing the material microstructure, a better surface finish can be 
achieved. This observation can be mainly attributed to the 
homogeneity of the refined material microstructure that 
normally leads to more isotropic behavior of the microstruc-
ture. Furthermore, the applied energy is found to be the most 
important factor affecting the roughness average and wear 
ratio in the micro-EDM process. However, the applied volt-
age  is found to be the second effective factor on wear ratio, 
while the interaction of energy and current have a significant 
influence on the surface roughness. 
 

1. INTRODUCTION 

 

Emerging miniaturization technologies are expected to be one 
of the key features enabling future interactions between 
people, machines and the physical world [1]. However, a 
number of key phenomena that dominate the underlying 
mechanisms of miniaturisation technologies have emerged 
and their effects have not been fully examined yet [1 and 2]. 
These factors have to be systematically studied and charac-

terised to achieve successful development of such technolo-
gies. Among these technologies, micro-EDM plays a signif-
icant role as a cost-effective technology to produce complex 
3D features on any conductive material with good surface 
quality irrespective of its hardness [3]. 
 
Micro-EDM refers to an EDM process with sub µm3 material 
removal units, performed using an electrode containing micro 
scale geometries (dimensions from 5 to 500µm) [4]. In EDM, 
machining is performed by a sequence of electrical dis-
charges occurring in an electrically insulated gap between a 
tool electrode and a workpiece. During the discharge pulses, a 
high temperature plasma channel is formed in the gap, caus-
ing evaporation and melting of the workpiece, enabling ma-
chining. 
 
Given the scale effects in micro-EDM, where for instance the 
size of the generated features to be produced may be in an 
order comparable to the grain size of most commonly used 
engineering materials, workpiece materials cannot be consi-
dered isotropic or fully homogeneous. Thus, the effects of 
material microstructures on the micro machining process 
have to be considered [5]. Consequently, the large body of 
cumulative knowledge and expertise that exist for ma-
cro-scale machining cannot be directly scaled-down and 
transferred to micro-scale machining.  
 
This is especially the case when looking at the surface quality 
of the parts machined with EDM at the micro-scale. The 
surface roughness achievable with a given machining process 
is always considered as one of its main characteristics. And 
taking into account the specific scale constraints in mi-
cro-EDM the resulting surface roughness is even more im-
portant because it would be very difficult or even impossible 
to apply any follow-up processing, and thus to improve the 
surface quality [6 and 7]. However, the generated roughness 
in micro-scale machining cannot be fully explained using 
conventional models [4]. This is due to other factors domi-
nating the underlying machining mechanism, which have to 
be considered at the micro scale. 
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Furthermore, one of the main drawbacks of micro-EDM is 
that micro features present on the electrodes used to structure 
a workpiece will also undergo severe wear. Consequently, the 
conventional die sinking approach is currently not suitable in 
micro-EDM, because to obtain micro geometries (such as 
sharp edges or specific radiuses) within predefined tolerances 
would require a dozen or more of electrodes. The production 
of a single electrode containing micro features itself requires 
state of the art manufacturing processes [4]. Thus, applying 
standard die-sinking strategies becomes expensive and is 
rarely a cost effective solution. Combined with other sources 
of variations (material property, grain structure...) this often 
results in a difficult to predict removal process [4].  

 
Thus, the standard strategy for the production of 3D micro 
features with micro-EDM remains micro-EDM milling. This 
approach avoids the need to fabricate multiple complex 3D 
micro electrodes, facilitates flushing of debris and makes the 
wear prediction relatively straightforward, minimising un-
certainties due to lack of knowledge on the removal prin-
ciples. On the other hand, micro-EDM milling is relatively 
time consuming when removing bigger volumes and 
die-sinking micro-EDM could be a good alternative. How-
ever, it requires a much more complete understanding of the 
removal principles occurring at micro scales. As a result, the 
motivation of this research is to obtain a deeper understanding 
of the influence of the workpiece microstructures on the 
machining process response in terms of achievable wear ratio, 
craters, spark gap, and surface quality. 
 
Following this section, the paper is organized as follows. 
Firstly, a review of the most relevant work is presented. Se-
condly, the experimental set-up is described, including a 
discussion about the rationale behind the chosen workpiece 
materials and machining parameters. Thirdly, the results ob-
tained are discussed; focusing on the effects of material mi-
crostructure and applied parameters on the resulting surface 
roughness, wear ratio, craters and spark gap. Finally, some 
conclusions drawn based on the analysis of the results are 
presented. 
 

2. BACKGROUND AND RELATED WORK 

 

As mentioned previously, random factors, such as variations 
in flushing conditions and anisotropic properties of material 
microstructure at micro-scale have significant uncontrolled 
effects on the micro-EDM process. As a result, these varia-
tions adversely affect the accuracy of any modeling approach 
of the process, making it difficult to develop true under-
standing of the wear and surface generation phenomena.  
 
It is however possible to minimize such uncertainties by 
carefully designing the experimental set-up. 
 

Material properties: A range of materials offering more 
homogeneous and therefore more predictable micro 
structures are becoming widely available, including ultrafine 

grained (UFG) materials and Bulk Metallic Glasses (BMG). 
The use of such materials is not only likely to provide a more 
uniform micro-EDM process for modeling purposes, but also 
to result in better machining responses as demonstrated by 
recent studies. [8-10]. In addition, they demonstrate superior 
properties when compared to conventional metals (high yield 
strength, hardness, wear-resistance...) making them suitable 
for many new applications including mould inserts, 
mechanical parts, etc. Due to these properties, such materials 
are difficult to machine using mechanical removal processes 
but are easily structured using EDM. 

 

Flushing:  To avoid accumulation of debris in certain regions 
and the resulting potential geometrical errors and overcuts, it 
is important to achieve a proper flow of dielectric fluid. Initial 
work on this topic is reported in [11]. In drilling EDM, this 
issue can be solved by using rotating tubes instead of plain 
rods so that clean dielectric can be constantly brought to the 
point of erosion and debris can be efficiently removed. A 
similar approach can be used in die sinking EDM by 
integrating into the electrode design a number of flushing 
access channels in selected and non functional areas of the 
workpiece. The manufacture of such electrodes would 
however require the combination of other state of the art 
micro manufacturing technologies. 

 

Tool and part characterization: Metrological aspects are par-
ticularly relevant in die-sinking micro-EDM before, during 
and after machining, to assess accurately and validate the 
complex 3D geometries produced on the electrode and 
workpiece. As with many micro manufacturing technologies, 
the features machined by micro-EDM are reaching the limit 
of metrology equipment capabilities. It has been recognized 
that Micro/Nano-metrology faces big challenges [12] [13], 
such as reducing the uncertainty on surface roughness mea-
surements [14] or on accurately assessing geometries for 
machined deep structures. A key element is the implementa-
tion of on the machine measuring instruments, such as laser 
scan profilometers, which allow precise characterization of 
the tool electrode geometry. In this respect, an investigation 
on the performance of on the machine tool measuring me-
thods is reported in [3]. However, the problem of an accurate 
characterization of deep 3D micro cavities produced by micro 
EDM still poses great challenges in terms of instrumentation 
and procedures [15]. 
 
In this context, the overall aim of this paper is to investigate 
the influence of the workpiece microstructure on the micro 
EDM process in order to contribute to a wider research scope 
aiming at minimising uncertainties in the micro-EDM 
process. In future work by the authors, the results (wear ratio, 
crater shapes…) will be used to develop and validate a new 
modeling approach of the process. 
 
The ultimate goal being to contribute to the creation of the 
fundamental knowledge that will allow the micro manufac-
turing research community to better understand, model and 
simulate the wear phenomena occurring in micro EDM. 
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Table 1: Machining conditions. 

 

Material CG_AL1070  UFG_AL1070 

Energy [Index] 13 300 

Voltage [V] 60 90 

Current [Index] 20 100 

Width [Index] 1 5 

 

3. EXPERIMENT 

This section describes the experimental setup used to conduct 
the investigation. In particular, it outlines the basic procedure 
that was applied to perform the trials, and also explains the 
rationale behind the selected materials, tool electrodes and 
machining parameters.  
 

3.1 WORKPIECE MICROSTRUCTURE  

 

From the reviewed literature, it is clear that, the performance 
of micro machining processes may be highly dependent on 
the material microstructure. So far, there have been limited 
studies on the influences of microstructure in the micro-EDM 
of polycrystalline materials. Thus, this work investigated 
experimentally the machining response of mechanically and 
metallurgically modified materials. More specifically, a 
coarse-grained (CG) structure with an average grain size of 
300 �m (Figure 1a), and for comparison, an ultra-fine-grained 
(UFG) structure with an average grain size of 0.6 �m (Figure 
1b) were studied. The UFG Al1070 was produced using the 
severe plastic deformation (SPD) process of equal channel 
angular pressing (ECAP). The tool used for ECAP had two 
channel turns, with the channel passages intersecting at a 
right angle [16]. Four passes of the process were carried out, 
which resulted in the total accumulated strain of approx-
imately 9. Since the ECAP route used was Bc, 90 degrees 
rotation about the billet axis between consecutive passes of 
ECAP, the microstructure produced would be similar to one 
obtained for three passes of three-turn ECAP described in 
[17].  
 

3.2 MICRO-EDM SETUP 

 
The machining response of CG and UFG Al1070 was inves-
tigated by carrying out drilling tests on Sarix SX-200 mi-
cro-EDM machine equipped with a wire dressing unit, Fig. 2. 
Also, Tektronix DPO7254 oscilloscope was utilized to cap-
ture voltage and current signals during the machining process.  
 
Table 1 shows the machining parameters used in the mi-
cro-EDM trials. An experimental design was adopted, using 
the software Moode ver. 9.1 by Umetrics, to study the effects 
of material microstructure and machining conditions on the 
resulting surface quality, wear ratio, crater shape and spark 
gap. The trials order and machining parameters applied for 

each trial performed on both materials, CG Al1070 and UFG 
Al1070, are listed in Table 2 
 
The applied energy was chosen to vary from the minimum 
value available on the machine (13 Index) to a high value of 
300. For the voltage, current and pulse duration, the minimum 
and maximum values allowed by the machine when using the 
chosen values of energy were selected.  
 
Two sequential set of experiments were performed using a 
non-rotating Ø290µm cylindrical electrodes, which were 
flattened using the wire dressing unit before each experiment.  
Firstly, the workpiece was machined at “zero depth”, enabl-
ing the production of a limited number of separated sparks 
and related craters. This is achieved by eroding the workpiece 
until the bottom of the electrode reaches the former top sur-
face of the workpiece, which has already been eroded due the 
spark gap. Subsequently, the workpiece surface was scanned 
using Scanning Electron Microscopy (SEM) and the shapes 
of the craters generated on the surface were evaluated.  
 
Secondly, the workpiece was machined down to 50 µm for 
each set of machining conditions mentioned previously. This 
was used to determine the resultant surface roughness and 
wear ratio.  The wear ratio can be determined by measuring 
the actual depth of the hole and the tool length prior to and 
after each trial.  
 
All the experiments were conducted with (–ve) polarity of the 
tool and at 120 KHz frequency and under constant medium 
flushing.   
 

Table 2: Experimental trials. 

 

Trial  

No 

 

Energy    

 [Index] 

 

Voltage  

[V] 

 

Current 

[Index] 

 

Pulse   

[Index] 

 

Depth 

[µm] 

 

1 13 60 20 1 50 

2 300 60 20 1 50 

3 13 60 20 5 50 

4 300 60 20 5 50 

5 13 90 20 1 50 

6 300 90 20 1 50 

7 13 90 20 5 50 

8 300 90 20 5 50 

9 13 60 100 1 50 

10 300 60 100 1 50 

11 13 60 100 5 50 

12 300 60 100 5 50 

13 13 90 100 1 50 

14 300 90 100 1 50 

15 13 90 100 5 50 

16 300 90 100 5 50 
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Fig. 1: (a) Initial microstructure of aluminium 1070 revealed in the 

cross-sectional plane of the billet, (b) TEM micrograph of UFG 

structure of aluminium 1070 after 3D-ECAP processing to plastic 

strain of 10 [16]. 
 

 
 

Fig. 2: Sarix SX-200 micro-EDM machine. 

 

4. RESULTS AND DISCUSSION 

 

Table 3 shows the full results obtained for CG Al1070 and 

UFG Al1070 when processed under micro-EDM. The results 

are listed respective to the trials numbers shown in Table 2 

and represent different set of parameters for each experi-

mental trial. 

4.1 SURFACE ROUGHNESS 

 
The roughness of the machined surface, at the bottom of the 

micro-holes, was examined using a MicroXAM scanning 

white light interferometer from Phase Shift Inc [18] with a 

20X optical magnification.  

 

Table 3: Full results of Roughness, wear ratio and gaps. 

 

CG Al1070 UFG Al1070 

Trial No 

E/V/C/P/D 

Ra 

µm 

Wear  

ratio 

% 

Gap 

µm 

Ra 

µm 

Wear  

ratio 

% 

Gap 

µm 

��

�������������� 1.01 22.6 13.3 0.89 25.8 12.9 

��

��������������� 1.22 28.8 16.5 1.14 31.9 16.5 

��

�������������� 0.86 35.3 26.9 0.82 24.8 14.9 

	�

��������������� 1.33 22.2 12.1 1.27 24.6 13.3 

��

���
���������� 0.72 53.3 28.5 0.58 63 34.1 

��

����
���������� 1.27 27.2 12.2 1.10 32.1 14.6 

��

���
���������� 1.13 61.1 32.5 1.02 56.4 30.1 

��

����
���������� 1.19 31.0 21.3 1.16 28.2 21.3 


�

��������������� 0.86 24.6 13.3 1.00 30.7 16.9 

���

���������������� 1.42 11.1 10.1 1.26 16 11.7 

���

��������������� 0.81 30.1 16.1 0.80 27.5 15.3 

���

���������������� 1.52 9.7 9.7 1.30 5.3 7.7 

���

���
����������� 1.01 57.6 31.3 0.61 64.5 34.9 

�	�

����
����������� 1.63 13.1 12.9 1.44 14.9 12.5 

���

���
����������� 0.89 50.2 26.9 0.75 58.3 31.7 

���

����
����������� 1.81 13.3 12.1 1.71 17.2 13.3 

 

A 44 x 48.98 �m area was sampled with about 1 �m resolu-

tion in the X-Y direction and sub-nanometer resolution in the 

Z direction (along the optical axis). In particular, the average 

surface roughness Ra was measured at 3 different places 

within the bottom of the machined holes. 

 
Fig. 3 shows the surface roughness results obtained on both 
material microstructure samples over the considered range of 
machining conditions used in the tests. As clearly seen in 
Figure 3, the lowest roughness of 0.72 �m and 0.58, for CG 
Al1070 and UFG Al1070, respectively, was achieved at the 
lowest energy, particularly, 13 [Index], and the high voltage 
of 90 V and the low current of 20 [Index] as well as when 
small in-pulse duration of 1 [Index] was applied. Conversely, 
the highest roughness of 1.81 �m and 1.71 �m was measured 
at the highest Energy, 300 [Index] and the high voltage of 90 
V and the highest current of 100 [Index] as well as when a 
large value of pulse duration, 5 [Index], was applied.  
 
Moreover, the results shown in Fig. 3 reveal the influence of 
the machining parameters on the resultant surface roughness. 

(a) 

(b) 
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Thus, as expected, significant effect of the applied energy on 
the resultant roughness under constant voltage, current and 
in-depth duration is shown. The surface roughness decreased 
with the reduction of applied energy from 300 [Index] to 13 
[Index] for both materials and under all sets of the experi-
mental trials. However, this effect becomes more dominant 
when high current was applied. This is clearly seen in Fig. 3 
when comparing the differences of obtainable roughness for 
low and high applied energy at 20 and 100 current.  
 
Comparing the results obtained for both material micro-
structures, one can argue that the response of both materials 
has the same trend over the whole range of the applied ma-
chining parameters. However, there is a clear evidence of 
significant influence of the material microstructure on the 
achieved surface quality. This conclusion can be easily drawn 
based on the differences between the roughness measured on 
CG Al1070 and UFG Al1070 that were achieved under the 
same machining conditions. In particular, the results show a 
non negligible improvement in obtainable surface finish in 
case of UFG Al1070 when compared to CG Al1070. 
  
The higher surface roughness obtained with CG Al1070 
could be explained with the heterogeneity of the material 
microstructure at the grain level (see Figure 1a) which led to 
changes in mechanical and metallurgical properties at the 
boundaries between individual grains. This material aniso-
tropy led to significant variations in the thermal properties 
and thus to different responses to micro-EDM for each crystal 
within the material microstructure. Conversely, in the case of 
UFG Al1070 the general improvement observed of the sur-
face quality under the same process conditions was likely 
attributed to the higher material homogeneity. 
 
Fig. 4 illustrates the evaluation of the factors affecting the 
surface roughness created by Moode analysis. It is clearly 
seen that energy has the most significant influence on the 
generated surface quality while microstructure has the second 
effective factors followed by the interaction between the 
energy and current.  
 

 
 

Fig. 3: Roughness achieved under different machining 

conditions for CG and UFG Al1070. 

 
Fig. 4: Main factors affecting the roughness. 

 

4.2 WEAR RATIO 

The second set of experiment was designed to determine the 
wear ratio for each set of conditions. 
 
To measure the wear of the electrode as well as of the work-
piece after each 50 �m deep machining, the electrode length 
variation was measured by mechanically touching a reference 
point before and after each machining trial. 
 
It should be mentioned that although 50 µm deep machining 
were performed the actual depth of a hole would be: 
 

Hole Depth = 50µm + Spark Gap – Electrode Wear (1) 
 
Thus, the actual depth of the machined hole was measured by 
performing a mechanical touch between the electrode and the 
bottom of the produced hole. After that, the wear ratio (ratio 
between volume removed from the electrode and volume 
removed from the workpiece), which is generally assumed 
constant under a stable EDM process, was calculated for each 
test. 
 
In practice, more wear tend to occur on the edges, however 
due to the small ratio between the depth of erosion and the 
electrode diameter, this effect was considered negligible and 
for the wear calculations the electrode was assumed to remain 
flat. However, to avoid accumulation of error due to this as-
sumption, the electrode was dressed flat after each machin-
ing. Also, after each dressing, each separated part of the 
electrode was marked for further investigation under the 
SEM. 
 
The results obtained for CG Al1070 and UFG Al1070 are 
presented in Fig. 5. For both microstructure, the tools exhi-
bited high wear when the lowest settings for the energy were 
applied, whereas the lowest wear was experienced at their 
highest settings as shown in Fig. 5. The only exception was 
observed when the low voltage, 60 V, and the low current, 20 
[Index], and low in-depth duration of 1 [Index] were used in 
the trials.  
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As shown in Figure 5, the lowest wear ratio of 9.7% and 
5.3%, for CG Al1070 and UFG Al1070, respectively, was 
detected at the high applied energy, 300 [Index], and the low 
voltage of 60 V and the high current of 100 [Index] and at 
large in-pulse duration of 5 [Index] was applied. On the con-
trary, the highest wear ratio of 53.3% and 63% was observed 
when the following parameters where applied, 13 [Index] 
energy, 90 V, 20 [Index] current and 1 [Index] in-pulse du-
ration.  
 
It is worth noting that the applied process conditions have a 
opposite effect on the wear ratio and on the surface quality. 
Thus, an optimization towards low wear ratio would lead to a 
higher roughness. 
This is an important issue in micro EDM die sinking. mini-
mizing the wear on the electrode may be as important as mi-
nimizing the roughness, because high wear would lead to 
high deformation of the tool electrode geometry. Hence, mi-
cro EDM die sinking would require a multi-objective opti-
mization approach to minimize both values.  
 
 

 
 

Fig. 5: Wear ratio calculated % under different machin-

ing conditions for CG and UFG Al1070. 

 

The evaluation of the main factors affecting the wear ratio is 
presented in Fig. 6. Again, applied energy was found to have 
the main influence on the wear ratio; however, voltage found 
the second most effective parameter in this case while the 
third effective factor was current. 
 
Considering equation 1, for each experiment the spark gapss 
can be determined using the measured depth of the hole and 
electrode wear. 

Fig. 7 shows the spark gap for CG Al1070 and UFG Al1070 
over the studied range of machining conditions. Spark gap 
varied between 9.7 �m and 32.5 and between 7.7 �m and 
34.1, for CG Al1070 and UFG Al1070, respectively.  

 

 
Fig. 6: Main factors affecting the wear ratio. 

 

4.3 SPARK GAP  

It should be highlighted that the results demonstrated a sys-
tematic inverse relationship between the applied energy and 
the spark distance, as shown in Fig. 7.  Thus, the high energy 
was associated with small spark gap and vice versa. The only 
exception was found when the lowest values of voltage, 
current, in-pulse duration were applied. Note, although, no-
ticeable differences can be clearly seen under different 
process parameters and different material microstructures, 
there is no pattern of the observed trend, and thus the rela-
tionship between the machining conditions and the spark gap 
can be considered more stochastic than deterministic. How-
ever, as seen in Fig. 8, one can argue that applied energy has 
the major effect on the spark gap followed by the voltage and 
the interaction between the energy and voltage.  

 

Fig. 7: Spark gap determined under different machining 

conditions for CG and UFG Al1070. 
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Fig. 8: Main factors affecting the spark gap. 

 

4.4 CRATER 

 
The bottom surfaces of the electrodes used for each test were 
examined using SEM to elucidate the influence of the ma-
chining conditions on the formation of the craters.  
 
Fig 9 a, c and e illustrated the bottom surfaces of the electrode 
after machining CG Al1070 and Fig 9 b, d and f illustrate the 
bottom surfaces of the electrode after machining UFG Al107.  
 
 
Fig. 9 (a and b) shows the result of machining parameters 
with which the highest roughness was achieved, namely, 
energy of 300, 90 V, current of 100 and in-pulse duration 
equals 5.  
 
Fig. 9 (c and d) demonstrates the final bottom surface of 
electrodes utilized when machining under the following pa-
rameters, 13 for energy of, 90 V, 20 for current and in-pulse 
duration of 1, the optimum values that resulted the best sur-
face quality and at the same time the highest wear ratio.   
 
Fig. 9 (e and f) shows the result with the machining condi-
tions that exhibited the lowest wear ratio, especially, when a 
high energy of 300 and low voltage of 60 V as well as the 
highest current of 100 in addition to an in-pulse duration of 5 
were applied.  
 
It is not so difficult to see the significant effect of the applied 
current on the achievable crater shape, which in turn domi-
nates the produced features and the overall surface roughness. 
In particular, the visual inspection of the electrodes surfaces 
produced after different machining conditions reveals that the 
crater size, diameter and depth, reduce with the decrease of 
the discharge energy. However, even within the same elec-
trode and same parameters, the crater shapes vary depending 
on their position form the centre point of the bottom surface.  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: SEM of bottom surface of the electrodes. 

 
Especially, for all results, the size of the crater increases when 
the position of the crater is close to tool edge which can be 
mainly explained by a higher density of the electric field 
around the circumference and close to the electrode edge.  
 
It should be mentioned that an analysis of the craters formed 
on the workpieces is not reported here due to limitations in the 
SEM chamber, which require further processing of the 
workpieces (reduction in size…). However, initial results 
show strong similarities between craters appearing on the 
electrode and on the workpiece for a specific set of parame-
ters. The full investigation will be reported in future work. 
 

5. CONCLUSION 

 

This paper has reported on the effects of material micro-
structures and machining parameters on the micro-EDM 
process, especially on the resulting surface quality, wear ra-
tio, crater shapes and spark gap. An experimental study was 
conducted to investigate the machining response of two 
workpieces with different material microstructures. One 
workpiece was Al1070 in “as received” state and the other 
was UFG Al1070 refined by employing the ECAP process. 
The following conclusions can be drawn from this investiga-
tion: 
 

• Through refinement of the microstructure it is 
possible to improve the specific machining condi-
tions in micro-EDM. This can lead to a reduction in 
surface roughness which is dependent on material 
homogeneity. 
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• Process conditions have dominating influence on the 
process outcomes such as surface quality and wear 
ratio. Especially, applied energy was found to be the 
most effective factors affecting the achievable sur-
face roughness and wear ratio. 

• The interaction between the applied energy and the 
current had the second most significant effect on the 
resultant surface roughness; however, the voltage 
was found the second most effective parameters on 
the wear ratio and spark gap. 

• Furthermore, crater shape and size is significantly 
influenced by the applied machining parameters and 
the position from the centre point of the bottom 
surface of the tool.  

 
Based on the results presented in this paper, it is recom-
mended to introduce new grain-refining methods that offer 
different microstructures in order to optimize the material 
microstructure for a wide range of materials. 
 
In future work, the outcomes of this study will be utilized to 
quantitatively model and simulate tool wear and generated 
surface roughness in micro-EDM and thus to optimize the 
process for advancing this technology further.      

 

ACKNOWLEDGMENT 

 

The reported research is funded by the Engineering and Physical 

Sciences Research Council (EPSRC) under the grants 
EP/J004901/1.  
 
The authors gratefully acknowledge the support of Mr F. 
Omar from Cardiff University for his support of the inspec-
tion and characterization of the machined surfaces and tools. 
 

REFERENCES 

 

[1]  X. Liu, R.E. DeVor, S.G. Kapoor and K.F. Ehmann, 
2004, “The mechanics of machining at the micro scale: 
assessment of the current state of the science,” ASME J. 
Manuf. Sci. Eng., 126, pp. 666–678. 

[2]  X. Liu, R.E. DeVor, S.G. Kapoor, S.G., 2007, “Mod-
el-based analysis of the surface generation in micro-
endmilling-Part I: Model development,” ASME J. anuf. 
Sci. Eng., 129, pp. 453-460. 

[3] G. Bissacco, G. Tristo, and J. Valentin�i�, 2010, “As-
sessment of electrode wear measurement in micro-EDM 
milling.” Int. Conf. Multi-Material Micro Manufacture, 
pp 155-158. 

 [4] S. Bigot, A. Surleraux, G. Bissacco, and J. Valentin�i�, 
2012, “A new modelling framework for die-sinking mi-
cro-EDM,” 4M conf., 51-55. 

[5]  A. Elkaseer, S. Dimov, K. Popov, M. Negm, and R. 
Minev, 2012, “Modeling the Material Microstructure 
Effects on the Surface Generation Process in Micro-
endmilling of Dual-Phase Materials,“ ASME Int. J. Mfg. 
Sci., 134: 044501-1. 

[6] D. Dornfeld, S. Min, and Y. Yakeuchi, 2006, “Recent 
advances in mechanical micromachining,” Annals of the 
CIRP, 55 (2), pp. 745-768. 

[7] D.T. Pham, S.S. Dimov, K.B. Popov, A.M.A. Elkaseer, 
2008, “Effects of microstructure on surface roughness 
and burr formation in micro-milling: A review,” Pro-
ceedings of 3rd Virtual Int. Conf. on Innovative Produc-
tion Machines and Systems (IPROMS), pp. 270-275. 

[8] A. Rosochowski, L. Olejnik, S. Roginski, and M. Richert, 
2007, “Micro-EDM of UFG aluminium.” Int. Conf. 
Multi-Material Micro Manufacture, pp. 203-206. 

[9] W. Li, R. Minev, S. Dimov, and G. Lalev, 2007, “Pat-
terning of Amorphous and Polycrystalline Ni78B14Si8 
with a Focused Ion Beam. Applied Surface Science.” 
253(12), pp 5404-5410. 

[10]  K.B. Popov, S. Dimov, D.T.  Pham, 2006, “Micromil-
ling: material microstructure effects.” Proc.IMechEPart 
B, 220(11),pp 1807-1813. 

[11] G. Bissacco and G. Tristo, 2011, “Manufacturing of 
micro channels with minimum channel width by mi-
cro-EDM.” accepted for publication in the proceedings of 
the AITEM. 

[12]  H.N. Hansen, K. Carneirob, H. Haitjemac, and L. De 
Chiffre, 2006, “Dimensional Micro and Nano Metrolo-
gy.” CIRP Annals - Manufacturing Technology, 55(2), 
pp 721-743. 

[13]  Next generation micro/nano metrology equipment. 
http://www.4m-net.org/node/1543. [Accessed: 21 April 
2011]. 

[14]  L. Mattsson, P. J. Bolt, S. Azcarate, E. Brousseau, B. 
Fillon, C. Fowler, E. Gelink, C. Griffiths, C. Khan Malek, 
S. Marson, A. Retolaza, A. Schneider, A. Schoth, A. 
Temun, P. Tiquet and G. Tosello, 2008. “How reliable 
are surface roughness measurements of micro-features?  
Experiences of a Round Robin test within nine." 4M la-
boratories.Int. Conf. Multi-Material Micro Manufacture,. 

[15] M. Kunieda, B. Lauwers, K.P. Rajurkar, B.M. Schu-
macher, 2005, “Advancing EDM through Fundamental 
Insight into the Process,” Annals of the CIRP, 54 /2: 
599-622..  

[16] A. Rosochowski and L. Olejnik, 2011, “Current practice 
and future opportunities for two-turn ECAP”, Mater Sci 
Forum, 667-669:121-126 

 [17] A. Rosochowski, W. Presz, L. Olejnik, and M. Richert, 
2007, “Micro-extrusion of ultra-fine grained aluminium,” 
Int J Adv Manuf Technol, 33:137–146. 

[18] ADE Phase Shift. URL: www.phase-shift.com, 2010, 
[Last visited: 11 Feb 2013]. 

8th ICOMM, March 25-28, 2013

343


