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Functional nano-multilayer coatings for machining of hard-to-cut aerospace
grade alloys
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Modern aircraft jet engines are composed of highly alloyed metals, such as Ti alloys for

compressor, and Waspalloy or Inconel for parts which are subjected to higher

temperature such as turbine blades in combustion chamber. Although these alloys are

notoriously hard to cut, more high speed machining with better surface integrity is

requested due to efficient production. To meet this requirement, however, conventional

coating such as TiAlN does not simply have enough wear resistance.

Different type of PVD complex nitride coatings were developed for machining of these

hard-to-cut alloys. They can be classified in two types (1) highly oxidation resistant and

form protective oxide tribo-film at high temperature, (2) form lubricious tribo-film by the

friction during machining. The first type is a multilayer coating of TiCrAlSiYN/TiCrAlN,

and second is combination of VN and AlTiN or TiCrAlSiYN. All coatings were deposited

by industrial arc ion plating PVD system (SS002, S40 Kobe Steel Ltd.). These

multilayer coatings were deposited on cutting inserts and subjected to wet turning test

of Ti and Inconel.

For wet turning test of Ti alloys, type 2 (lubricious) coatings were applied. At the cutting

speed of 100m/min, flank wear of AlTiN/VN coating is nearly 1/3 compared to standard

AlTiN coating at the cutting length of 1500m. However, at the cutting speed of 150

m/min, the wear amount of both coating was nearly same. When the combination of VN

and TiCrAlSiYN is used, however, even at the cutting length of 175m/min, flank wear of

TiCrAlSiYN/VN coating is almost half of conventional AlTiN. For the machining of

Inconel, combination of both oxidation resistant coating TiCrAlSiYN and TiCrAlN was

found to be suitable. When wet turning test of Inconel 718 at 40m/min using

conventional AlTiN and TiCrAlSiYN/TiCrAlN multilayer coating, the multilayer coating

showed tool life (250 microns flank wear) more than 2 times longer than AlTiN.

Detailed microstructure of these functional multilayer coatings and analysis of formation

of tribo-oxidation layer will also be presented.
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