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Required coating properties for continuous cutting of Ni-based superalloys
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Ni-based superalloys are typically difficult-to-cut materials. The superalloys have high

strength at elevated temperatures and low thermal conductivity. Therefore, during the

machining of superalloys, the cutting force and cutting temperature are generally

higher than those of other materials. In our past study, the cutting performance of TiN

coated cutting tools deposited by arc ion plating was examined. At the beginning of

the cutting, plastic deformation of the coating was observed at rake face and flank

face edges using TEM. Furthermore, the fracture of the coating near surface defects

(droplets, voids, etc.) was due to the interaction between work material and surface

defects. This work aims to develop a new coated cutting tool that has the coating

properties required to machining of Inconel 718. In this study, the damaging

phenomena of TiN coatings in machining of Inconel 718 were investigated under

continuous turning. To understand the effect of coating defects and deposition

temperature, TiN coatings were deposited by arc ion plating, sputtering, hollow

cathode, and CVD. TiN coatings deposited by sputtering and CVD had lower defects

compared to other methods. The cutting results showed that sputtering and CVD TiN

coated cutting tools had light flank wear without heavy fracture or delimitation of the

coating. Furthermore, the TiN coated tool deposited by CVD showed the best cutting

performance compared to the other PVD coated tools. Characterization of the TiN

coatings were investigated using XRD, Nanoindentation, and EPMA. It was found that

after annealing of the coatings, hardness of the PVD coatings was decreased

compared to the CVD coating. This change in the hardness of PVD coatings was

attributed to the relaxation of the residual stress in the PVD coatings. Based on these

results, it was concluded that coatings with higher strength, good stability at high

temperature, and low defect density may reduce the damage of the cutting tools for

Inconel 718.
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