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CO2 cooling allow smooth surface finish without 
surface contamination

CO2 cryogenic cutting fluid
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Niobium is difficult to 
machine because…

Material properties [4]
Part precision 
(shape 0.3mm, Ra 0.8µm)

Part shapes and complexity

The right tool (Tool material pair standard [5])
Measure of power and force during machining

Thermo-mechanical tribometer [7] (study of friction 
characteristics of Niobium/tool/cutting fluid 
interface). Oil and tool contact point characterization

State of the art machine and equipment, regular accuracy checking, 
adequate clamping and metrology intertwined alignment, 

optimization of toolpath and CAD/CAM workflow. 

Possible opportunities for advance machining
• Fully climate controlled workshops
• Vibration dampening tools or clamping
• New strategy combined with barrel tools for smoother 

finishing (not steps nor marks, better roughness)
• Automatic machine calibration and compensation of 

part positioning (volumetric compensation)
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• Practical / empirical knowledge of Niobium 
machining

• “Behave like” annealed OFE copper (long chips, 
adhesive, abrasive, soft…)

• Tendancy to stick  low cutting speed, HSS tool, 
high rake angle

• High flow of cutting fluid

Increasing complexity, knowledge to be managed

Cutting forces, friction coefficient, 
FEM modeling of the equivalent 
strain and heat flux entering the 
workpiece through final surface [8]

Multiphysic measurement during the cutting 
process: boring process for cutting forces in all 
direction and temperature measurement at 
various depth for heat flux characterisation
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Multi-scale approach for bulk niobium 
radiofrequency cavities machining and 
surface integrity impact (microstructure, 
affected layer, recrystallized layer, impact 
on RF performance) [9]

1/ Environment mastering

Superconducting Proton Linac [1], 2013

DQW crab cavity [2] and HOM couplers, 2017

RFD crab cavity [3] and V/H-HOM’s, 2019
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3/ Measure & understand

Comparison of surface shape and roughness with 
various coolant (1: emulsion, 2 oil #1, 3 oil #2) [6]


