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Basic Study on Coated Tools for Machining Metallic Aerospace Materials and
Adhesion Reduction Machining
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The coated tools that can stably cut Titanium alloy and Ni-based super allys

used in the fields of aerospace and energy were developed. And the microscopic damage state of the
coating film was confirmed and the adhesion interface between the workpiece and the coated film
surface was researched metallurgically. The damage model and the countermeasures to reduce adhesion
based on it were also proposed. The adhesion phenomenon when machined these materials is caused as a

result of microcrystal of adhered material (work material). The diffusion reacted layer is not
formed on the adhesion interface, but it is directly adhered by interatomic force and so on. After
that, the machining properties of each material affect the damage of the coating film. This damage
mechanism is a novel fact not found in conventional knowledge, and it is a useful finding for tool
development.
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Fig.1 Relationship between cutting length and Maximum

flank wear width. (V=30m/min, d=0.5mm,
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Fig.2 SEM images of TiN coated cutting Tools wear.
(V=30m/min, d=0.5mm, f=0.2 mm/rev, Wet)
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Fig.3 Cross-section observation of TiN coating of rake

face after cutting (V=30m/min, d=0.5 mm, f=0.2
mm/rev, Wet, L = 10 m).

Hardmetal

Droplet -..___"’ )
|

| Clearance

Fig.4 Cross-section observation of AICrSiN coating of
cutting edge after cutting (V=30m/min, d=0.5 mm,

f=0.2 mm/rev, Wet, L = 50 m).
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Fig.5 Effect of high strength and low defect coating for

Inconel 718 machining. (V=30 m/min, d=0.5 mm,
f=0.2mm/rev, Wet)
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Fig.6 SEM image of the cutting edges at the
boundary of the end flank face after machining
of Alloy 718 (V=30 m/min, f=0.2 mm/rev,
d=0.5 mm, L=10 m, Dry)



Fig.7 TEM images of TiN coatings at the
damage position of the rake face after machined
of Alloy 718 (V=30 m/min, =0.2 mm/rev,
d=0.5 mm, Dry, Cutting length 10 m)
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Fig.8 EBSD results of the dross-sectional structures
of TEM samples before and after heat
treatment at 1000 °C
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Fig.9 SEM i image and EDS analysis result of
cutting edge of TiN coated tool in
machlnlng of Ti-6Al-4V.
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Fig.10 Cross-sectional TEM images of TiN
coating on the rake face of the tool after
the cuttmg of Ti-6A1-4V (a) and Alloy

Fig.11 ngh magnlﬁcatlon TEM and STEM
images of the interface around the fracture
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Fig.12 High magnification bright field TEM and
dark field STEM image, and selected
area diffraction and nanobeam
diffraction patterns at the interface
between the adhered material and the
TiN coating

Fig.13 High magnification bright field TEM
image near the point 5
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(b) Progression of coating damage
Fig.14 Comparison of the damage models of the
TiN-coated cutting tool during the
turning of Ti-6Al-4V and Inconel 718.
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Fig.15 Wear models of the coating and distribution
of the maximum shear stress in coating in
interrupted machining of Ti-6Al-4V and
Inconel 718
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Fig.16 Model for damage of the coating at the flank
face of the cutting edge during machining of
Ni-based supperalloy
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Fig.17 Backscattered electron images of the TiAIN
coated cutting edges after machining of
Ti-6Al-4V
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