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High-efficiency and High-precision Machining of Difficult-to-machine Materials by PVD Coated Tools (2nd Report)
- Film Properties and Cutting Temperature of Free-Carbon Containing TiCN-Coated End Mills deposited by UBMS -

Koji SHIMAMURA, Akira HOSOKAWA, Takashi UEDA and Seiichi MASA

The TiCN coating film containing free carbon deposited by UBMS (U-TiCN) is applied to the 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. U-TiCN coating film including many free carbons has smooth surface and low coefficient of friction. Following the
Ist report, film properties and cutting temperature of U-TiCN coating film are examined. U-TiCN oxidizes at 500°C lower than
TiN and TiAIN. FE-TEM (Field Emission Scanning Electron Microscope) analysis reveals that the U-TiCN coating film forms
the fine crystallization rather than generally TiCN coating film without free carbons. Lower cutting temperature is obtained
with these U-type TiCN-coated tools than the ordinary AIP-coated tools in high-speed side milling without

coolant.
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Table 2 Oxidation test conditions of coating films

System Electronic heating furnace
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Fig.1 Two types of coating methods by PVD materlal Heating temperature  °C.
Table 1 Five types of coating samples Fig.2 Processing of the crater Fig.3 Hardness of U-TiCN films
on a coating film after oxidation test
Sample Process Structure (target thickness)
U-TiN UBMS TiN(3.0um) )
. . . ® TiCN
U-TiCN UBMS TiN(1.5um)+Free Carbon TiCN(1.5um)
A
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22 A—TF 1 VY ROME T Fig.5 Cross section images of U-TiCN films after oxidation test
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(a) A-TiCN (b) U-TiCN
Fig.7 Cross-section FE-TEM images of TiCN coating films
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Diffraction area: $0.7um
Fig.8 Cross-section SAD pattern images of TiCN layer
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Fig.9 High resolution FE-TEM images of TiCN coating films
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Fig.10 Structure of two-color pyrometer with an optical fiber
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Fig.12 Relationship between output voltage and temperature
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Table4 Experimental conditions

Machining center
(MORI-SEIKI NVD1500DCG)
¢2mm, 2-flute square end mill
(helix angle:30°)

Machine

Cutting tool

Workpiece SUS304 (Hv200)
Cutting speed V=220 m/min
Spindle rotation N =35000 min™'

Feed speed F =350 mm/min
Feed per tooth f=10.005 mm/tooth
Axial depth of cut Ag=1mm

Radial depth of cut R4=0.05 mm

Cutting style Up-cut without coolant

End mill Two-color
pyrometer
Feed . : I I I
direction Oscillo-
scope
Charge
Force amplifier
sensor
Fig.14 Experimental setup
Measurin .
End mill area g05 Optical fiber
i .

Cover

y=0° \

Fig.15 Top image of end mill at y=90°
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Fig.16 General output waves of two-color pyrometer
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Fig.17 Tool flank temperature of coated end mills
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