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High-efficiency and High-precision Machining of Difficult-to-machine Materials by PVD Coated Tools (1st Report)
- Dry High-speed Milling of SUS304 with TiCN Coated End Mills Deposited by UBMS Method -

Koji SHIMAMURA, Akira HOSOKAWA, Takashi UEDA and Seiichi MASA

The UBMS (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. TICN
film deposited by UBMS method (U-TiCN) has smooth surface and low coefficient of friction. XPS analysis reveals that the
U-TiCN film includes many free carbons rather than carbide phases, and this structure acts as lubricant as well as

thermoprotective film. Long tool life and good finished surface quality are obtained with U-TiCN coated end mills than standard

commercially available coated end mills in high-speed side milling without coolant. An U-TiCN end mills having a low

coefficient of friction suppress adhesion of workpiece material and overlap of chips to the cutting edge.
Key words: UBMS, TiCN coated end mill, free carbons, high-speed milling, difficult-to-machine materials, SUS304
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Fig.1 Two types of coating methods by PVD



Table 1 Five types of coating samples

Sample Process Structure (target thickness)
U-TiN UBMS TiN(3.0pm)

U-TiCN UBMS TiN(1.5um)+TiCN(1.5pum)
A-TiN AIP TiN(3.0pm)

A-TiCN AIP TiN(1.5um)+TiCN(1.5um)
A-TiAIN AIP TiAIN(3.0pm)

Ti target

Ar, N,
CHy

Exhaust

Ti target

Fig.2 Mass-production type UBMS system for TiCN coating
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Table 2 Experimental conditions

Machine

Machining center
(MORI-SEIKI NVD1500DCG)

Cutting tool

02mm, 2-flute square end mill
(helix angle:30°)

Workpiece

SUS304 (Hv200)

Cutting speed
Spindle rotation
Feed speed

Feed per tooth
Axial depth of cut
Radial depth of cut

¥ =50, 220(m/min)

N =8000, 35000(min™")
F = 80, 350(mm/min)
f=0.005mm/tooth
Ag= 1mm

Ry4=0.05mm

Cutting length
Cutting style

L =2600mm (26mmx100pass)
Up-cut without coolant

Work- Cutting
piece direction
Feed F, Oscillo-
direction Scope
Fy
Force Fy
sensor
Charge
amplifier

Fig.3 Experimental setup
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Table 3 Mechanical properties of coating films

Sample Hardness Scratch test Surface Friction
(GPa) Load roughness coefficient
(N) R.(um)"  (vs.SUJ2)
U-TiN 35 142 0.08 0.62
U-TiCN 31 148 0.09 0.26
A-TiN 28 151 0.53 0.60
A-TiCN 35 116 0.63 0.61
A-TiAIN 37 140 0.69 0.62

*Substrate: R.=0.06pm

(a) U-TiN 200m (b) U-TICN  20pm

(d) A-TiCN 201m

-
3um

N

#— Droplet »

{““—Pinhole

' (e) -TiAlN (f) Close-up of (e)

Fig.4 SEM images of coating surface
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Table 4 Carbon content and Ti/N ratio in TiCN coating films

Sample C content (at%) Ti/N atom ratio

U-TiCN 22.9 1.1
A-TiCN 21.8 1.4
Cls C-C C-Ti

Intensity

M/\»w\ U-TiCN
e

290 288 286 284 282 280 278
Binding Energy eV
Fig.5 Cls XPS spectra of TiCN coating films
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Fig.6 Cross section SEM images of TiCN coating films
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Fig.7 Relation between cutting length and flank wear width
(V=50m/min)

0.10 1
g —e— U-TiN

0.08 —&— U-TiCN
N --=-0--- A-TiN

0.06 ----&--- A-TiCN
= ---F--- A-TiAIN
8 [
E 0.04 V' =220m/min
§ /= 0.005mm/tooth
2 002 Ag=1mm
g Ry =0.05mm
= ]

0.00

0 500 1000 1500 2000 2500 3000
Cutting length L mm

Fig.8 Relation between cutting length and flank wear width
(V=220m/min)

MEZEER. F)I5IE AIP JEIC LD TiSIN OARICHEWT,
FEAE Si 723 TiSiN AR O 23 L, FHH*‘J#@HWK@”% z
L %‘ﬁ&i LTW5 2. AEWER L7 U-TICN 128V Th, FEAE
4% EHTHZ LK 5T TICN #Ib:m@ﬁkﬁmfnﬁ%l [y e

A“‘M‘Srﬂiu v F72h, U-TICN O TiCN J&lE, 672 TiCN

uaam&# WE A — R BRSNS Z EMEIITE 5.

FEEE A — R v OEIMERNEELREN A T2 T LT D
LOLBEZ LS.

43 ITEE#H

IREIAHE V=50m/min 35 X OVEBIHITEREE 1=220m/min (Z351F %
GIEERE L &= R IR TR RENE VB ORRE 2 EiE 7
BLOESITRT. LIXTF—7 VOB CHS. VBIZa—T
o O BROBEFEC X 0 TERMDSEEE U700 O AR FENS &
Tl WIhoa—T7 47y RIMIBWTYH, L O
L BT VB ML TR, RFHEOBERESETL NS L
NoDD, BB ORKE O P=220m/min Tl 7=50m/min X ¥ EE
FENKREL, M2 B0ERIEZ R LIZb00, &6 50N
IZBWTHUBMSIEIZ L D a—T ¢ V7T AIPIAC LB 2 —T
4 U ITRE 0 NS WEERRIRZ R LT, FRCEIHRINC B ik
AP JEIZ L D a—T ¢ » VTROBEEFEE TN Ch o T2 DITHT L,
UBMSEIZ KD 33— 1 & VIR TANER N 72 5 TN D,
L=2600mm (23315 VB #=a—7 4 V7 FHE T LTl 5 b,
U-TiN(@) 1 A-T1N(O) LV #I30%/ N EVMEZIR L, U-TICN(A)
1Z A-TICN(A) £ 0 70%LL /N SUMEE 7R L= Z &85, U-TiCN
D VB BEENL> TNEWZ Evbonnd. F72, V=220m/min (Z351F

% U-TiCN @ VB 1%, V=50m/min |Z331F HAthod> 2—F 1 > T D
VB L W/NSVMETH-72Z &5, U-TICN & L= Kb
IIFEmARM ST Z L, EERAEIHIT 5 2 LA TRE S U
5.

PVD 3—F« YJTRICKDHEMDSREE - S5

(¢) A-TiN S0um (d) A-TiCN

- Coating (Ti-X-N)
- Adhesion (Fe-Cr-Ni)
I:l Base material (WC-Co)

Adhesion f ¥
(e) A-TiAIN 500m

Fig.9 SEM-BEI image of flank face (F=220m/min, L=2600mm)
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Fig.10 3D profiles of workpiece surface (F=220m/min, L=2600mm)
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Fig.12 Cutting chip morphologies (/=220m/min, L=2600mm)
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