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Cutting Characteristics of Coated Carbide Tools in Hardmilling
— Influence of Coating Film and Base Material of Coated Carbide Tool —

Masato OKADA, Akira HOSOKAWA, Ryutaro TANAKA and Takashi UEDA

The cutting performance of some coated carbide tools in hardmilling of hardened steel is investigated. The cutting charac-
teristics are mainly evaluated by tool wear and temperature at flank face for four types of coating films on two types of base
materials. Cutting force and surface roughness are also examined. The temperature of cutting tool is measured using a two-color
pyrometer with an optical fiber. The tool flank wear becomes large in the case of TiN and TiCN coated tools. The tool flank
temperature increases with the increase of surface roughness of coated film, and reaches approximately 500°C for TiAIN/
AICrN coated tool. On the other hand, the cutting forces do not change so much with surface roughness of coated film. In the
case of P30-grade cemented carbide as base material, tool flank wear and flank temperature become large compared with K10-
grade. The surface roughness of workpiece increases with the increase in tool flank temperature more than approximately

530°C.
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Fig.1 Structure of two-color pyrometer with an optical fiber
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Fig.2 Experimental setup

Table 1 Experimental conditions

Cutting tool Throw-away type end mill
Diameter D =25 mm
Axial rake y, = +7°, Radial rake y, = —4°
Base material : K10-grade, P30-grade
Film material : TiN, TiCN, TiAIN, TiAIN/AICIN
Workpiece Carbon steel : S55C (Full-hardened; 60HRC)
Cutting speed v =70 m/min
Feed per tooth f=0.05 mm/tooth
Depth of cut Radial; R 4=0.2 mm, Axial,; 44=3 mm
Cutting style Down-cut without coolant
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Fig.3 Form of cutting edge
Table 2 Physical properties of base materials
K10-grade P30-grade
Hardness HRA 91.1 912
Young's modulus x10* ke/mm” 6.4 53

Thermal conductivity ¥ W/(m’K)
(@20/5007 900 °C) 91.7/74.7/68.1{28.6/35.8/41.1
Thermal diffusivity a x10° m¥/s

(@20/500 /900 °C) 31.9/189/150| 9.8/88/88

Table 3 Physical properties of film materials

TiN | TiCN | TiAIN | TiAIN/AICIN
Hardness™ megf/um’ 3745 | 4807 | 4353 5047
Surface roughness R, pm 0.52 0.42 0.71 0.87
Film thickness pum 4.0 36 29 3.0
Thermal effusivity J(s**m?K) | 12141 | 13513 | 3027 3518
Oxidizing temperature® °C 600 500 800 1000

*1 : Nano-indentation test
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Fig.4 Relationship between cutting length and tool flank wear
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Fig.7 Relationship between cutting length and tool flank temperature
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Fig.8 Relationship between cutting length and feed force
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Fig.9 Relationship between cutting length and thrust force
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Fig.10 Influence of base material on tool flank wear
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Fig.11 Influence of base material on tool flank temperature

—
W

T . T . 1
¥ Sampling line
h=1.5mm

pum

- : K10-TiN
-O-: K10-TiAIN
-@- : P30-TiAIN

Rﬂ

1.0

-
\ Work: S55C (60HRC)
) L v =70 m/min

< -~ Jf =0.05 mm/tooth
o O=8-_=€ R;=0.2mm
Ag=3 mm
ob—— ) ——
0 25 50 75 100 125 150

Cutting length L, m

Surface roughness
(=)
W

Fig.12 Relationship between cutting length and surface roughness

35 EIFEAS

E 12 (2 K10-TiN, KI10-TIAIN, P30-TiAIN CEIHIZAT o7& D
CIHIEERE L & EIFEALS R OBIRETRT. HSBIEL, %Y
FHEO 2Rt EFERE TH Y, MR LS 6, ZRE
L7 TR RASE T, SMARNOTNNSENRL Y A=15 mm O
SCHHlEhitt EiFEE SR L LTS, RIZHD LI,
L=112~ 784 mIZHVT VB OEEITIZEL Y R BSBAERZRL T
WADIZHL, KI0-TN, KI10-TIAIN O L=784 m AR IHEAMEA
B TWAZ ERbnd. 2B, ThUSNOEHE (K10-
TiCN, KI0-TIAINAICIN) CIIFE#EDORBAMERITR T2, Tl
OHIMERIZA BT, L=112miZi\W T R=025 pm FREE & Holge
R REERE R L.

B2 13 13 12 DFRERIT OV T TERTHEIREE 6, & R OBHRIC
SNWTGRLELDTHS. KLY, WINOBEMEICEBNTD
0,500 ~ S30°C IZFWVTHLE 23R/ L 72D, KIOTN, K10-TAIN
IRWCIIBEIME AR U 2 EMBR Z 72 LTV D Z L b5,
—HRENHERR N EIT T < WEIRES TIEM OB RESIEELL I
RHEWEETDHEINTRY, KL Y IFRBHMOIEHNIZI
T, HEBEZKT50 ~800°C L LTS, £/, RIS
IFERBICREFMOFEENCB VT, ADTWAEZF LIRS
FAWIZIBE, BERREOESBENREDHELVIKTTHZ L
ZHEOLMCLTRY, BN 0, TAKTERETTVE
BEDISERBETHHI LEREL TS, ULDZ b,
6, 73500 ~ 530°C E TOREKITIST S BT HEH & OB IIHER



——-: K10-TiN
-O— :K10-TiAIN
-@- : P30-TiAIN

2 Hm
-
n

R

—
(=}
1

Work: SSSC (60HRC)
v =70 m/min
f =0.05 mm/tooth
R;=0.2 mm
A4=3 mm
L | e ——
0'200 450 500 550 600

Tool flank temperature 6, °C

0.5F ~

Surface roughness
/
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