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The Effects of the Carbide Grades on Tool Failure in Endmilling

Ryozo Kitagawa and Kitao OHKUSA

Abstract

Tool failure mechanism of carbide tool in endmilling has been studied with regard to carbide grades and
cutting edge sharpenability. Carbide tool’s properties were varied by changing the chemical compositions
and the carbide particle sizes.

Machining test were conducted on a milling machine by endmilling plain carbon steel block. Cutting
speed was varied from 31.6 m/min to 56.7 m/min and feed rate 0.1 mm/tooth whereas depth of cut was used
constantly on the tests.

After test runs, the following conclusions were obtained:

(1) There is a great deal of influence in tool failure, when the carbide grades of endmills are changed
with the sharpenability of cutting edges. It is found that the sharpenability of cutting edge relate with
carbide particle sizes and binder contents.

(2) Wear pattern on the tool flank is fine chipping in cutting edges and its chipping process is rapid in
the up-endmilling.

(3) The difference of the cutting-ability rating of the hot isostatic press treatment tool (N20H) and that of

the conventional tool (N20) was not clear.
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Fig. 1 Inserted blade end mill.
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Fig. 2 Typical microstructures of carbide tools.

Table 2 Chemical compositions of carbide tools

Grade Tool wC TaC TiC Co
P20 | N37 | 73 1| 75 | 85
K20 | NG2 | 935 | | 7| s
N20 | 85 2 / 13
Migro NZOH' 85 2 | | 13
Nie | 8 | | | 16

zhit Co THERIhTH3.

BT RO N20, N20H, N16 {2 v3°h & R
BT Lpm DTOMMAFICK - THERIHh, &
BELS, TZhZhoFHERa 08, Table 1 i

Table 1 Physical properties of carbide tools
Properties ot tool
Grade Tool Tool material Hardness Density Coercive
HRA g/cm? force, Oe
P20 N37 WC-TiC-TaC-Co 91.0 12.62 135
K20 NG2 WC-Co 90.3 14.91 165
N20 WC-TaC-Co 91.0 14.03 ] 308
Micro grain N20H WC-TaC-Co(HIP) 91.0 14.03 280
N16 WC-Co 91.0 13.64 l 290
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Fig. 3 Wear of end mills.
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Fig. 4 Wear curves of carbide tools in cutting speed
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Fig. 6 Wear curves of carbide tools in cutting speed
49.3 m/min.
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Fig. 8 Typical flank wear at cutting speed of 49.3
m/min and feed 0.1 mm/tooth (Down milling)
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Fig. 10 Influence of the carbide grades on flank wear
when endmilling carbon steel.
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Fig. 11 Wear curves of carbide tools in cutting speed
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Fig. 12 Wear curves of carbide tools in cutting speed
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Fig. 13 Wear curves of carbide tools in cutting speed

49.3 m/min.
€
E 08t
o
>
= 0.06F
5
3
v 004
o
3 Cutting speed :56.7m/min
N20 :
x 002+ oNIG Depth of cut . 2mm
E Feed: 0.1 mm/tooth
Up milling
0 580 135 180 225 770
Cutting volume (cm®)

Fig. 14 Wear curves of carbide tools in cutting
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Fig. 15 Typical flank wear at cutting speed of 49.3
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