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Abstract 
Micro electrical discharge milling is an alternative to die-sinking EDM for the machining of three-dimensional micro-structures or 
cavities with free-form surfaces. An important advantage provided by micro-EDM milling for this purpose is the possibility to use 
simple pin or tube electrodes with diameters de ≤ 500 µm. This reduces the manufacturing costs of the workpiece and decreases 
the setup time for positioning electrodes. The high density of conventional dielectric fluids and the resulting small working gap 
cause a severe contamination of the working gap with particles and as a consequence short-circuits and process instability. The use 
of gaseous dielectrics, like compressed air, leads to enhancements in the flushing conditions and the cooling of the tool and 
workpiece electrodes. The gas is injected through the tube electrode under high pressure, resulting in high flow velocities and a 
removal of melted material from the working gap. A new spindle with a maximum rotation speed of n ≤ 400,000 rpm was 
developed by the Institute for Machine Tools and Factory Management IWF of the Technische Universität Berlin for the realization 
of micro dry-EDM milling with tube electrodes. The high speed rotation of the tool electrode stabilizes the process and increases 
the material removal rate due to better flushing conditions. This paper presents the equipment and machining results of dry-EDM 
milling of simple micro-scale features. 
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1. Introduction 

Micro electrical discharge machining (EDM) is a proven 
industrial process to produce high-precision micro-holes with 
diameters ranging between 100 µm ≤ de ≤ 500 µm in very hard 
and brittle materials. Despite using both modern machines and 
generator technology, ever increasing aspect ratios prove to be 
challenging. This is especially prevalent in extremely hard and 
brittle materials, where poor flushing conditions may increase 
difficulties not only for the machining of micro-holes, but even 
more critical for the machining of micro-features. Poor flushing 
conditions result in arcing, short circuits causing an instable 
process, as well as form deviations in the borehole geometry 
due to the debris contaminated dielectric fluid in the working 
gap. In the last few years investigations were carried out, which 
led to better flushing conditions by using low viscosity fluids 
such as powdered liquid or dry-EDM with pure gas [1, 2]. The 
industrial applications of this innovative methodologies are not 
sufficiently researched and are missing descriptive evidence of 
interaction between process parameter, process gas, and 
workpiece material. 

SCHIMMELPFENNIG [3] dedicated to developments and analyses 
as well as a new technology – the fine drilling dry-EDM of high-
performance ceramic materials. By example of dry-EDM of 
ceramics the fundamental technological process of dry-EDM 
was optimized to provide a stable machining process. 

These investigations are the basis for the presented machine 
tool development for the dry-EDM milling process. 

2. Experimental setup  

A new machine tool was developed by the Institute for 
Machine Tools and Factory Management IWF of the Technische 

Universität Berlin for the realization of micro dry-EDM milling. 
Fig. 1 shows this machine tool. 

The machine includes three high-precision linear axes with 
step motors for feed motion and a two axes piezo unit for the 
high-dynamic motion of the workpiece, needed for the gap 
width control [4]. The piezo unit is mounted on the x-axis and 
has a clamping system for the workpiece.  

 
Figure 1. Machine tool for dry-EDM milling:  
  1 – machine frame; 2 – x-y-axis compound;  
  3 – z-axis; 4 – piezo unit; 5 – high speed EDM-spindle 

 
YAHAGI ET AL. [5] studied the rotation of tool electrodes with 

high speed up to 50,000 rpm and found it to stabilize the 
process and increase the material removal rate due to better 
flushing and increased cooling rate at the electrode surface.  

The new high speed EDM-spindle developed at TU Berlin 
consists of an air turbine with diameter dt = 11 mm fixed with 
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screws inside the spindle housing, see Fig. 2. The spindle 
housing is mounted on the pressure chamber through fine 
thread. The electrode is clamped in the air turbine with the 
clamping chuck. The gaseous dielectric supplied by the 
pressure chamber with pressures up to pd = 80 bar is led to the 
workpiece through the channel of the hollow electrode. An air 
pressure booster was used to increase the range of working 
pressure of the dielectric fluid from 0 ≤ pd ≤ 8 bar to 
0 ≤ pd ≤ 80 bar. The special ceramic seal is used to stabilize the 
dielectric pressure in the pressure chamber and minimize the 
dielectric loss. It furthermore guides the rotating electrode. 

 
 
Figure 2. High speed EDM-spindle: 
 1 – pressure chamber; 2 – spindle housing; 3 – air turbine;  
 4 – clamping chuck; 5 – ceramic seal; 6 – electrode;  
 7 – air connection for turbine; 8 – high-pressure connection; 

9 – fixing screws; 10 – grinding contact 
 

The operating pressure of the air turbine determines the 
rotational speed of the turbine. The spindle cannot be used 
with a pressure below pt = 1 bar due to the friction force Ff 
between the clamping chuck and the sliding contact. The 
rotational speed with a pressure above pt = 4 bar induces a 
centrifugal force Fc in the clamping chuck that leads to 
unclamping the rotating electrode. The measured spindle 
speed depending on the air pressure is shown in Fig. 3.  

 
Figure 3. Spindle speed depending on the air pressure 

 
The control system for this EDM milling machine tool has 

been developed on the basis of Arduino platforms [4] and is 
split into the user level and the control level. The user level 
consists of the user interface (UI) and optional additional 
control units. The control level consists of many Arduino 
microcontrollers, each having specific tasks: motor control, 
piezo unit control, gap width control, interpolator for lines and 
curves, and process monitor. The Arduinos communicate with 
the user level via a serial USB connection and amongst 
themselves via an I/O-Bus or I

2
C port. 

The power supply for the actual dry-EDM process is provided 
by the AT Spirit 2 relaxation generator by GF AGIE CHARMILLES, 
Losone, Switzerland. This power supply was also integrated in 
the machine control system. 

4. Processing results 

The validation of the machine tool for dry-EDM milling with 
regard to the control system was carried out by machining 
three types of micro-scale features in highly heat resistant 
stainless tool steel HSS 1.3343 with a hardness of 62 HRC, see 
Fig. 4. Tungsten tube electrodes with an outside diameter of 
de = 500 μm were used as tools. The dielectric fluid was 
compressed air at p = 80 bar.  

 

 
Figure 4. Machining results of micro-scale  

features and profile cross-section of the circle 

 
Optimized parameters for dry-EDM drilling [6] were used for 

the milling process. The working pressure for the air turbine of 
pt = 2.5 bar corresponds to n = 280,000 rpm. Each micro-scale 
feature consists of two steps with a height of h = 100 µm each. 
The machining times range from ter ≈ 8.3 min for the triangle, 
ter ≈ 7.2 min for the square to ter ≈ 6.8 min for the circle. 

5. Summary and Outlook 

A new machine tool for dry-EDM milling was developed and 
implemented. The specially designed control architecture, the 
piezo unit and the EDM-spindle demonstrate its functionalites. 
In the future, a strategy of electrode tool wear compensation 
will be developed and implemented in the control system. 
Furthermore, the process parameters and the processing 
strategies for dry-EDM milling will be optimized. 
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