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PUBLISHABLE SUMMARY 
Fraunhofer IAPT developed a new special processing head for laser drilling of rock that also can 
apply cryogenic gas (see figure 1). With the help of the processing head, the gas stream is directed 
onto the rock, which is melted by a high-power laser beam. The first operational prototype consists 
of the titanium alloy Ti-6Al-4V in order to meet the requirements for the component in terms of 
mechanical strength and temperature resistance. Fraunhofer IAPT manufactured the processing 
head using the 3D printing technology, which is particularly suitable for rapid prototyping and offers 
the option of simply printing the gas channels directly into the component. The prototype has already 
been successfully tested in first rock drilling experiments. 

 

 
Figure 1: Laser and gas processing head 

1. INTRODUCTION 
In the DeepU project, a new laser drilling process is developed to create a scaled model of a heat 
exchanger for deep geothermal energy exploitation. For this purpose, rock is to be melted by a high-
power laser and expelled from the borehole. This process requires a drill string with an innovative 
drill head, which Fraunhofer IAPT generates in WP2 of the project. 

During the drilling, the processing head is immersed in the rock, whereby a free annular space must 
be created around the entire drill string, through which the melted rock can escape from the drill hole 
and be pushed to the surface with the help of the gas. The processing head closes off the drill string 
at the bottom. Its main task is to direct a stream of nitrogen or an inert gas onto the molten rock. 

An area with a diameter of 50 millimeters must be available in the center of the drill string in order to 
guide the laser beam from the optics above the earth's surface to the effective point of the melting 
process at the end of the borehole. The processing head can be equipped with a diverging lens to 
expand the laser beam below the drill string and enlarge the bore diameter. 

2. DEMONSTRATION OF THE PROCESSING HEAD 
The processing head was developed in two steps. The first functional model made of polymer was 
only intended to carry out flow tests and to derive information from these tests. Based on the test 
results, Fraunhofer IAPT designed the prototype of the processing head for the actual drilling applica-
tion. 

Elisa Cannone


