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Studies on High-efficiency and High-precision Machining of Difficult-to-cut Materials by PVD Coated Tools (1st Report)
High-speed Milling of SUS304 with Coated End Mills Deposited by UBM Sputtering Process

Kanazawa University Koji SHIMAMURA, Akira HOSOKAWA, Takashi UEDA, Hokunetsu Co., Ltd. Seiichi MASA
The UBM (UnBalanced Magnetron) sputtering method is applied to the coated end mills and some kinds of such tools are

used in high-speed milling of SUS304. This coating film is designed to improve lubricating ability rather than heat resistance.
Long tool life and good surface quality are obtained with these UBM-type coated tools than standard commercially available

2009 - RER 197

coated tools in high-speed side milling without coolant.
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Fig.1 The principles of AIP and UBM Sputtering
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Table .1 Coating sample

Sample Process Structure
TiN(U) UBM Sputtering TiN(3.0um)
TiCN(U)  UBM Sputtering TiN(1.5pm)+TiCN(1.5um)
TiN(A) AIP TiN(3.0um)
TiCN(A) AIP TiN(1.5um)+TiCN(1.5um)
TiAIN(A) AIP TiAIN(3.0um)
Work. Cutting
piece direction
Feed Fz Oscillo.
direction L{ scope
Fx
Force Fy
sensor
Charge
amplifier

Fig.2 The measuring method of cutting force
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Table.2 Cutting condition

Tool $2mm, 2-flute square endmill
Work piece SUS304

Cutting speed V2 50, 220(m/min)

Spindle rotation N: 8000, 35000(min™)

Feed speed F: 80, 350(mm/min)

Feed per tooth f: 0.005mm/tooth

Axial depth of cut Aqg: lmm
Radial depth of cut R4: 0.05mm

Cutting length L: 2600mm (26mmx100pass)
Cutting formula Side milling, Up cut, Dry
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Table.3 Mechanical property of coating films

Sample Hardness Surface Friction
(GPa) roughness  coefficient
Rz (um)  (vs. SUI2)
TiN(U) 35 0.080 0.62
TiCN(U) 31 0.090 0.26
TiN(A) 28 0.525 0.60
TiCN(A) 35 0.633 0.25
TiAIN(A) 37%* 0.686** 0.62%*

*Substrate: Rz0.060pm  **Reference value
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Fig.4 Relation between cutting length and flank wear width of coating
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Fig.5 Relation between cutting length and surface roughness of work
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Fig.6 SEM-BEI image of flank face after cutting test
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