
 

 
 

Master thesis 
 

Closed-loop diamond turning using on-machine metrology 
 
Motivation and description 
Single-point diamond turning (SPDT) is an ultra-precision cutting process. The unmatched sharpness 
of monocrystalline diamond tools in combination with machine tools of highest accuracy enable to 
machine mirror surfaces with form deviations in the range of 100 nm and roughness values < 5 nm. 
The demand for complex optical surfaces constantly increases due to the developments in diverse 
application cases. The production of camera lenses for consumer handhelds for example require 
diamond turned molding tools. This circumstance forces further research in the field of SPDT to increase 
the accuracy as well as the robustness of this today still quite sensitive process. Therefore, a promising 
approach is to integrate a metrology system directly onto the machine tool. This allows to measure the 
machined surface, determine the deviations and correct the surface in a following cut. These steps 
follow the principle of a closed-loop machining process. For this, capable post-processing of the raw 
measurement data and the consideration of influences causing measurement errors, like machine tool 
kinematic deviations, are necessary. 
 
Tasks 

1. Holistic definition of the closed-loop process steps including the related processing steps of 
surface data and NC machining data. 

2. Determination of the measurement error sources (using simulation methods for example). 
Consequently, the on-machine metrology setup needs to be calibrated and compensated by 
means of the identified error sources in order to gain valid measurement results that represent 
the basis for corrective machining.  

3. Applying the designed closed-loop machining process to an exemplary surface geometry. The 
resulting surface form deviations shall be verified using an external measuring device and 
compared to form deviations obtained without corrective machining. 

4. Documentation of the work including the explanation of the improvements through the usage of 
closed-loop machining. 

 

   
Fig. 1. Turning of a flat mirror in brass. 
Ø = 70 mm. The tool reflects in the 
machined surface. 

Fig. 2. Reflecting ETH logo in a diamond 
turned flat mirror made of brass. 

Fig. 3. Surface measurement result 
of a flat mirror with Ø = 40 mm and 
flatness of ≈ 200 nm. 

 
What we expect 

- Programming skills in MATLAB 
- You should be open minded and interested to get in touch with a fascinating and promising 

technology and to gain wide ranged skills in programming, simulation, signal processing and 
also machining and the correlated measurement techniques. 

- Basic knowledge of turning and cutting processes would be advantageous but is not required. 
 
What you can expect 
Relevance of research in a currently developing technology, a highly motivated team, flexibility in 
working time and place. 
 
Language: english or german   Start date: can be defined in arrangement 
 
Contact 

Marco Buhmann +41 81 755 49 60 buhmannm@iwf.mavt.ethz.ch 


