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Abstract 

In micro electrical discharge milling (micro EDM milling), the tool electrode kinematics is the same as in 
conventional milling, but the material removal is obtained by the heat and electrical forces in the gap between the 
tool electrode and the workpiece. The electrode wear in micro EDM milling is one of the main problems to be 
solved in order to improve machining accuracy. Most common, the electrode linear wear is measured on machine 
by touching the reference point with the electrode after machining a certain number of layers. The reduction of the 
electrode length due to the wear is used to modify the electrode trajectory.  

This paper presents an assessment of the electrode wear on micro EDM milling machine. The experiments 
were performed on state-of-the-art micro EDM equipment. The electrode wear was measured on the machine in a 
conventional manner as already described. Additionally, a Laser Scan Micrometer (LSM), implemented on 
machine as well, was used in two ways, namely to detect only the coordinates of the electrode tip before and after 
machining, and by acquiring the electrode profile. Experiments were performed by machining micro features in 
steel using several layer thicknesses and various process parameters. The results show that the accuracy of the 
electrode length measurement by touching the reference point is enough accurate for the estimation of the 
electrode linear wear. But to accurately measure the electrode volumetric wear, it needs to be calculated from 
electrode profiles acquired before and after machining. 

Keywords: micro EDM milling, tool electrode wear, linear wear, volumetric wear, wear compensation, on-
machine-measurement (OMM) 

1. Introduction 

Micro-electrical discharge milling (micro-EDM) is a 
thermal (or energy-assisted) process for contactless 
material removal of electrically conductive materials. 
In micro-EDM, the machining of conductive materials 
is performed by a sequence of electrical discharges 
occurring in an electrically insulated gap between a 
tool electrode and a workpiece. During the discharge 
pluses, a high-temperature plasma channel is formed 
in the gap, causing local melting and evaporation of 
workpiece and electrode material. The capabilities 
and potentials of micro-EDM processes are 
thoroughly discussed in .  

In micro EDM milling, micro electrodes are 
cylindrical rods with diameters down to 10 μm, which 
are driven along defined paths while rotating, in a 
way similar to conventional 3 and 5 axis milling. In 
this configuration the material is removed layer by 
layer, with layer thickness ranging from a 0.1 μm to a 
few microns, depending on the diameter of the 
electrode and on the discharge energy. Currently, 
micro-EDM is mostly used for the production of micro 
cavities with high aspect ratio and tools employed in 
mass or batch production of micro components. 

During the machining, the electrode wear has to 
be compensated by movement of the electrode in the 
axial direction. Many types of tool-electrode wear 
compensation methods have been studied and 
applied successfully in research laboratories , but 

their introduction into an industrial manufacturing 
environment is not straightforward . After machining 
of one or several layers, the reduction of the 
electrode length (electrode linear wear) has to be 
measured to re-estimate the compensation factor.  
Thus, an on-machine-measurement (OMM) system 
has to be implemented.  

In this paper three different approaches to OMM 
are tested with respect to the estimation of linear and 
volumetric wear of the tool electrode. The  method 
most commonly used for measuring the linear wear is 
by touching a reference point by the tip of the 
electrode before and after machining of a certain 
number of layers (referred here as the “Touch” 
method). An alternative method consists in the 
electrode length measurement by means of a Laser 
Scan Micrometer (referred here as the “LSM”) 
implemented on the machine. In the third method, the 
LSM system was used for the measurement of both 
length and profile of the tool electrode. The linear and 
volumetric wear measurement uncertainty has been 
calculated for the three measurements methods 
considered and the improvement of the machine 
performance obtained by introducing the LSM system 
is discussed.  

2. Experimental setup 

The experiments were performed on a Sarix SX-200 
micro-EDM machine equipped with a wire dress unit 
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and a laser scan micrometer Mitutoyo LSM-500s. 
Wear assessment was performed by machining blind 
holes with a 500 μm diameter and 100 μm deep on a 
martensitic stainless steel AISI 420 modified 
(STAVAX ESR) workpiece. The tool electrode used 
was a tungsten carbide cylindrical rod with a nominal 
diameter of 300 μm. Hydrocarbon oil was used as 
dielectric. 

Identical machining parameters as in  were 
selected for tests (Table 1) and each process 
parameters combination was repeated 5 times. The 
holes were machined by means of circular 
interpolations with a radius of 100 μm. No wear 
compensation was used to adjust the electrode path. 
The machining direction has been changed 
alternatively between clockwise and counter-
clockwise for each layer to minimize the residual 
material on the bottom of the hole that can occur due 
to the tool wear. Prior to each test run, the electrode's 
tip profile was restored by cutting it using the wire 
dress unit.  

A G-Code program was compiled with all the 
instructions needed to measure the electrode by 
Touch and LSM to machine the cavities, to cut the 
electrode, and to position it above the starting point of 
the following test. 

3. OMM methods 

Two OMM methods were examined and each was 
used to measure the linear wear and the volumetric 
wear. The linear wear was measured in two ways, by 
Touch and LSM system whereas the volumetric wear 
was measured in three ways: By the Touch method 
and in two ways by the LSM system as described in 
the following text. 

 The first value of the volumetric wear was 
calculated from the electrode diameter and the linear 
wear measured by the Touch method.  

The second value was calculated again from the 
electrode diameter and the linear wear, but in this 
case the linear wear was measured by LSM.  

In both cases, the electrode diameter was 
measured before machining at different positions 
over the circumference and the length of the rod 
electrode before it was clamped in the clamping 
head. The average value was taken as the electrode 
diameter (296 μm) rather than the nominal diameter 
given by the electrode manufacturer (300 μm). 

The third value of the volumetric wear was 
calculated from the electrode profiles that were 

acquired by LSM. 

3.1 Touch method 

The data obtained by the Touch method is the 
position of the moving head in the machine reference 
system at which the electrode tip contacts a 
reference point. The voltage drop between the 
reference point and the electrode indicates the 
contact. When the voltage drop occurs, the 
movement in z direction is stopped and the z
coordinate data is stored in the memory of the 
controller. The electrode linear wear is calculated as 
the difference of the recorded positions before and 
after machining. In each test run, the electrode tip 
position detection by the Touch method was repeated 
5 times both before and after machining.  

The drawback of such a method is that the 
electrical contact produces a small amount of 
erosion, which would cause an error in the 
measurements of the actual electrode length 
reduction. According to the findings in , the wear due 
to five touches can be neglected completely.  

The first value of the volumetric wear was 
calculated from the measured linear wear and the 
electrode diameter measured by a micrometer as 
described before.  

3.2 LSM system  

The LSM system enables the measurement of both 
the electrode tip position and the electrode diameter. 
The tip position is measured by interrupting the laser 
beam with the electrode tip when moving in z
direction in the functional area of the LSM. The 
measurement is performed before and after 
machining and the linear wear is the difference in 
values. Since the repetitions of the measurements 
always gave the same result, the linear wear was 
measured only once for each machining. 

The volumetric wear was then calculated from 
the measured electrode length reduction and the 
electrode diameter measured by a micrometer as 
described before.  

For the calculation of the third value of the 
electrode volumetric wear, the electrode profile was 
acquired over a length corresponding to the depth of 
the machined cavity, thereby taking into account the 
alteration of the electrode profile due to tip rounding 
and wear on the electrode side due to the flow of 
debris with the dielectric fluid.  

Table 1 
Micro-EDM parameters settings 

15 - 6 100 70 80 75 65 0.5
105 - 6 100 65 100 75 90 0.9
206 - 5 130 50 130 80 100 2.5
250 - 5 130 50 130 50 97 2
300 - 4.6 130 50 130 70 100 2.5
350 - 4.6 130 50 130 50 100 2.5

Energy
[index]

Polarity
[ - ]

Width
[index]

Frequency
[ index]

Current
[ A ]

Voltage
[ V ]

Gain
[index]

Gap
[index]

 Layer depth
[μm]
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The electrode wear volume was calculated from 
the acquired electrode profiles. The calculations were 
performed numerically based on the points of the 
electrode profiles. The volumetric wear was obtained 
by subtraction of the volume before machining and 
the volume after machining. 

In these experiments, the electrode wear 
occurred symmetrically on the tip of the electrode. 
The profile was acquired before machining and 
afterwards.  

4. Uncertainty calculations 

Standard uncertainty and percentage standard 
uncertainty were calculated for the three 
measurement methods. The calculations are 
following the ISO / 1995 standard [6]. The data of the 
measurement systems used to perform the 
uncertainty calculations are gathered in Table 2. The 
standard uncertainty was calculated for ±1·σ (K=1), 
which gives 68.2% confidence interval. 

The machine tool repeatability in z axis and the 
log file resolution are characteristics of the machine 
and are given in 95% confidence interval. One can 
notice that the layer depth in the case of energy index 
15 is less than the machine tool repeatability. A small 
layer depth was selected in order to avoid short-
circuit discharges. During experiments, a stable 
machining was observed for each layer of machining. 
In experiments, the repeatability in z axis never 
reached 95% confidence interval. 

LSM repeatability, positioning error and linearity 
contribute to the uncertainty of the LSM based 
measurements. The positioning error is due to the 
positional shift of the workpiece in the optical axis 
direction or scanning direction, and it is the highest 
contribution to the uncertainty.  

Diameter variation along the electrode length 
was measured by LSM system. The mean value of 
the electrode diameter is 296 μm and standard 
deviation is 0.5 μm. The latter is given in Table 2 
since it contributes to the uncertainties of the 
volumetric wear measurements when it is calculated 
from the linear wear. 

The variations of the electrode length measured 
by the Touch method was calculated based on the 5 
touches performed in all experiments. The 
uncertainties of the volumetric wear measured by the 
Touch method are influenced by this value, since it is 
propagated in the calculation of the volume reduction. 
On the other hand, the repeatability of the LSM 
system is very small, thus the repetitive 
measurements of the electrode length by LSM 
always gave the same result. Thus, the 
corresponding standard uncertainty is zero.  

Percentage standard uncertainty (PSU) is 
calculated according to Eq. 1: 

100%⋅

MV

SU
=PSU , (1) 

where SU is standard uncertainty and MV is 
measured value. Consequently, greater the 

measured value, smaller the percentage standard 
uncertainty.  

5. Results and discussion 

5.1. Linear wear 

In the case of linear wear, the standard 
uncertainty for Touch method measurements is equal 
for all experiments (Table 3), since its value depends 
only on the measurement system. The standard 
uncertainty of the Touch measurements is slightly 
higher than for the LSM measurements.  

By implementing the LSM on the machine to 
measure the electrode length reduction, the standard 
uncertainty of the measurements is improved by 
0.34% when the linear wear is around 17 μm and 
0.08% when the length reduction is around 70 μm. 
LSM system does not bring a significant contribution 
to the accuracy of the linear wear measurement since 
uncertainties of both measurement methods strongly 
depend on the machine tool repeatability in Z axis.  

In normal machining, the number of control 
points selected for adjustment of the compensation 
factor determines the number of layers machined 
between the two linear wear measurements. For a 
same machining sequence, the higher the number of 
control points, the lower the linear wear between two 
control points. Taking into account that standard 
percentage uncertainty is higher in the case of 
smaller linear wear (Table 3), the increase of the 
number of control points cause higher standard 
percentage uncertainty of the measured linear wear.  

As a result, selecting too many control points 
leads to a higher relative measurement uncertainty 
and can potentially lead to lower machining accuracy. 
In addition, it also increases the time needed to 
machine a given feature. 

5.2 Volumetric wear 

The volumetric wear was calculated using both, 
the Touch method and LSM. It was calculated from 
the linear wear measured by the Touch method and 
from the linear wear measured by LSM, and the 
measured electrode diameter before machining was 
used. In the third method, the volumetric wear was 
calculated using the data of the electrode 

Table 2 
Main uncertainty contributions. 
Parameter

0.6
Display/log file resolution 0.1
LSM repeatability 0.03
LSM positioning error 0.4
LSM linearity 0.07

0.5

0.3

Value [μm]
Machine tool repeatability in z axis

Diameter variation (σ) along the 
electrode length 

Variation (σ) of the average values 
obtained by the Touch method
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profiles measured by LSM (Table 4). 
In the case of volumetric wear measurements, 

the standard uncertainty depends on the linear 
wear. Consequently, the standard uncertainty of the 
volumetric wear is larger in the case of higher linear 
wear.  

The percentage standard uncertainty calculated 
by Eq. 1 is smaller in the case of higher volumetric 
wear. 

Both, standard uncertainty and percentage 
standard uncertainty are significantly smaller when 
the volumetric wear is calculated based on the 
electrode profile measurements. The uncertainties 
of the volumetric wear calculated from the linear 
wear are nearly the same for both, linear wear 
measured by Touch and by LSM. It indicates that 
the electrode wear does not occur only on the 
bottom of the electrode, but also on the side walls.  

6. Conclusions 

From the results presented above, the following 
conclusions can be drawn. The use of LSM system 
does not lead to a significant improvement of linear 
wear compensation. Far more important is the 
selection if optimal number of control points. Too 
high number of control points leads to a higher wear 
measurement uncertainty. In the case of the 
machine and OMM systems used in this paper, the 
improvement of the machine tool repeatability in z
axis is the most crucial to reduce measurement 
uncertainty.  

The uncertainty of the volumetric wear is 
significantly higher when the volumetric wear is 
calculated without the information on the electrode 
profile. If the acquisition of the electrode profile is 

used for the calculation of the volumetric wear, the 
standard uncertainty can be significantly reduced. 
The reduction depends on the amount of the linear 
wear. In this paper, the standard uncertainty was 
reduced up to a half by the use of LSM to acquire 
electrode profiles. 
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Table 3 
Uncertainties of the electrode linear wear 

Linear wear by Touch Linear wear by LSM

Energy index

15 17.47 0.65 3.72 17.50 0.59 3.38 0.34
105 41.98 0.65 1.55 41.98 0.59 1.41 0.14
206 64.19 0.65 1.01 64.20 0.59 0.92 0.09
250 69.22 0.65 0.94 69.24 0.59 0.85 0.08
300 68.35 0.65 0.95 68.36 0.59 0.86 0.09
350 70.11 0.65 0.93 70.08 0.59 0.84 0.08

Difference in 
percentage 

standard un-
certainy

Average linear 
wear

Standard 
uncertainty 

K=1

Percentage 
standard 

uncertainty

Average linear 
wear

Standard 
uncertainty 

K=1

Percentage 
standard 

uncertainty
 [μm]  [μm]  [%]  [μm]  [μm]  [%]  [%]

Table 4 
Uncertainties of the electrode volumetric wear 

Volumetric wear via Touch linear wear Volumetric wear via LSM linear wear Volumetric wear via LSM electrode profile

 [%]  [%]
15 1201699 63886 5.32 1203625 57609 4.79 1220918 40742 3.34

105 2887324 67093 2.32 2887324 61759 2.14 2920132 41155 1.41
206 4415033 71980 1.63 4415584 67039 1.52 4457136 41815 0.94
250 4761127 73312 1.54 4762227 68470 1.44 4774535 42001 0.88
300 4700877 73075 1.55 4701702 68214 1.45 4732328 41967 0.89
350 4822202 73555 1.53 4820001 68716 1.43 4835987 42033 0.87

Energy 
index

Average 
volumetric 

wear

Standard 
uncertainty 

K=1

Percentage 
standard 

uncertainty

Average 
volumetric 

wear

Standard 
uncertainty 

K=1

Percentage 
standard 

uncertainty

Average 
volumetric 

wear

Standard 
uncertainty 

K=1

Percentage 
standard 

uncertainty
 [μm³]  [μm³]  [%]  [μm³]  [μm³]  [μm³]  [μm³]
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