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Cutting Performance of Ti-Al-Si-N Coated Endmill for High-Hardened materials
by Hybrid Coating System

Gyeng Joong Kim', Myung Chang Kang®, Deuk Woo Lee', Jeong Suk Kim®, Kwang Ho Kim™

1' Abstract }

Hard coatings are known to improve the performance of cutting tools in aggressive machining applications, such as high
speed machining. New superhard Ti-Al-Si-N films, characterized by a nanocomposite nano-sized (Ti,ALSi)N crystallites
embedded in amorphous Si;N, matrix, could be successfully synthesized on WC-Co substrates by a hybrid coating system
of arc ion plating(AIP) and sputtering method. The hardness of Ti-Al-Si-N film increased with incorporation of Si, and
had the maximum value ~50 GPa at the Si content of 9 at.%, respectively. And the X-ray diffraction patterns of Ti-Al-Si-N
films with various Si content is investigated. In this study, Ti-Al-Si-N coatings were applied to end-mill tools made of
WC-Co material by a hybrid coating system. Cutting tests for the high-hardened material (STDI1, HrC62) and their performances
in high speed cutting conditions were studied. Also, the tool wear and tool life of Ti-Al-Si-N with various si(6, 9, 19)

contents were measured.
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Fig. 1 Schematic diagram of a hybrid system using
AIP and sputtering techniques for Ti-Al-Si-N coatings
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Table 1 Typical deposition conditions for Ti-Al-Si-N films
by hybrid coating system

Base pressure 6.7x10-3 Pa
Working pressure 6.7x10-3 Pa
Working gas ratio N2:Ar=10:1
Depostion source Arc source | Sputter source

po Ti;Al(99.9%) | Si(99.99%)
Arc current 60A
Sputter currents 0~6.0A
Substrate temperature 300°C
Rotational velocity of 25 rpm
substrate
Substrate
bias voltage 2V
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Fig. 2 Experimental set up for cutting performance of
Ti-Al-Si-N coated tool

Table 2 Cutting conditions for cutting performance of
Ti-Al-Si-N coated tool

Condition Contents
Spindle revolution [rpm] 8,000, 12,000, 16000
Feed per tooth [mm/ooth] 0.05
Radial depth of cut [mm} 0.06
Axial depth of cut [mm] 10

Workpiece STDI1 (HrC 62)
Tool Ti-Al-Si-N(Si:6,9,19%) coating

Cutting Fluid None(Dry Cutting)
HANYE  D&uAYAE (Makino V-5, Max
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Fig. 3 X-ray diffraction patterns of Ti-Al-Si-N
films with various si contents
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Fig 4. Microhardness values of Ti-Al-Si-N film
according to Si content
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