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Table 1 Properties and porosity of cemented carbides

Hardness/ K/ TRS/
Alloy COM/% HJ/Oe plg-em’™ b

HV,,  MPa-m" MPa
A 8.53 291.1 1429 1632 14.69 3737
B 8.46 2574 1443 1567 13.40 4434

Note: COM-relative magnetic saturation; 7RS-transverse rupture strength
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Fig.1 SEM images of cemented carbide sintered surface: (a) WC-10Co-
0.4TiC-0.6Cr,C, and (b) WC-10Co0-0.6Cr,C,
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Fig.2 Schematic diagram of the milling experiments and dimensions

of the tool
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Table 2 Milling parameters
Milling Axial cutting Radial
Feed rate, f/ .
speed, V/ \ depth, cutting depth, Coolant
mm-tooth”
m-min’ A4,/mm a/mm
Blaser B-Cool
200 0.7 0.7 20
755:10%
200 0.7 0.7 20
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Fig.3 SEM images of cracks propagation on surface of cemented carbide alloys: (a—b) WC (platelet)-10Co-0.4TiC-0.6Cr,C, and (c) WC (traditional)-

10Co-0.6Cr,C,
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Fig.4 Schematic diagrams of propagation path of cracks in coated cemented carbide with platelet reinforced substrate (PT) (a) and traditional

substrate (CT) (b); STEM image of cracks in samples after milling (c)
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Fig.6 HRTEM image of TiN/WC interface (a); FFT pattern of TiN (b); FFT pattern of WC (c); IFFT image of interfacial bonding area (d)

(position 1 in Fig.5)
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Fig.7 HRTEM image of TiN/WC interface (a); FFT pattern of TiN (b); FFT pattern of WC (c); IFFT image of interfacial bonding area (d)

(position 2 in Fig.5)
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Fig.8 Variations of average flank wears of coated inserts with cutting

time under dry milling of 316L stainless steel
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time under wet milling of 316L stainless steel
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Fig.10 Frist emerged macroscopic crack time and tool life of coated inserts in milling of 316L stainless steel under different conditions:

(a) dry milling and (b) wet milling



* 1626 ¢

W] B RS TR

554 3%

Wet milling

0.4 mm| After 1 min 0.4 mm

After 5 min

A fter 25 min 5 mi x

0.4 mm| After 5 min 0.4 mr
[After 30 min 0.4 mm| After 6 min 0.4 mm
0.4 mm| After 7 min 0.4 mm

After 10 min
A fter 15 min

}\ﬁcr 20 min

After 35 min
After 40 min
A fter 45 min

After S0 min

After 55 min 0.4 mm{| After 11 min 0.4 mm
After 60 min 0.421111 After 12 min 0 4_Inlll
After 65 min ().411111 After 13 min 0.4_111111

After 14 min 0.4 mm
After 15 min 0.4 mm

B 11 316L ANEEANT R 0B M T3 A2 /b PT 7T 2 1 ks A48

Fig.11 Failure evolutions of PT inserts in milling of 316L stainless

steel under dry and wet milling conditions
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Fig.12 SEM images of cutting-edges after tool life tests under dry milling of 316L stainless steel: (a) PT and (b) CT
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Fig.13 SEM image (a—b) and EDS analysis results (c—e) of the PT inserts after tool life test under dry milling of 316L stainless steel
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Fig.14 SEM images of cutting-edges after tool life tests under wet milling of 316L stainless steel: (a) PT and (b) CT
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Fig.15 SEM image (a) and EDS analysis results of (b—d) the PT inserts after tool life test under wet milling of 316L stainless steel
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Milling Behavior and Failure Mechanism of PVD-TiN/AITiN Nano Composite Coated
Plate-Grained Cemented Carbide Tools

Zhong Zhigiang'”, Chen Yi’, Xue Yan’, Li Shengyan’, Yin Lei’, Su Guojiang’
(1. Chongyi Zhangyuan Tungsten Co., Ltd, Ganzhou 341300, China)
(2. Nanchang Hangkong University, Nanchang 330063, China)
(3. Achteck Tool Technology Co., Ltd, Ganzhou 341000, China)

Abstract: Taking the traditional cemented carbide WC-10Co0-0.6Cr,C, (wt%) substrate as the reference object, WC-10Co-0.4TiC-0.6Cr,C, (wt%)

plate-grained cemented carbide tools were prepared by Ti induction method, and PVD-TiN/AITiN nano multilayer composite coatings were

deposited on the surfaces of the two groups of tools. The milling behavior of two coated tools in the machining process of 316L stainless steel was

studied. The results show that under dry milling, the main failure mode of tools are wear and edge collapse, and the milling life of PT tool (based

on the plate-grained cemented carbide) is 48% longer than that of CT tool (based on the traditional cemented carbide). Under wet milling, the

main failure modes of tools are coating peeling and edge collapse, and the milling life of PT tools is 41% higher than that of CT tools. Under both

dry and wet milling conditions, the first macro thermal crack time on the surface of PT tool is later than that of CT tool. PT tool has a longer wear

stability period in the milling process. Its excellent ability to resist crack initiation and propagation is an important reason for the improvement in

the milling life of coated tool (PT) based on plate-grained cemented carbide.

Key words: milling tool; tool life; plate-grained cemented carbide; thermal crack; failure mode
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