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A Study on the Performance Evaluation of End Mill Tool Fabricated
by Ultra-Fine WC

Do-Hyoung Kim*, Jeong-Suk Kim’, Yong-Won Woo'", Hyun-Ho Lee™

{ Abstract

The ultra-fine tungsten carbide(WC) powders have been actively used in the cemented carbides industry, because
thay have excellent mechanical properties such as high hardness, strength, and toughness. In this study, ultra-fine
WC-Co alloys powdes have been fabricated by thermochemical and thermomechanical process such as spray conversion
process or high energy ball milling. The non-coated end-mill which is made of ultra-fine tungsten carbide is investigated
by measuring cutting force, tool wear, tool life, and surface roughness profile according to cutting length. The machining
test was conducted with high hardened workpiece and their performances are investigated in high speed cutting
conditions. Also, the relationship between the machining characteristics and the Co contents are investigated under
various high speed cutting conditions.
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Fig. 1 Process of ultra-fine cemented carbide powder
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Fig. 3 Workpiece shape for measurement
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Table 1 Specifications of experimental instruments

Instrument Specification
Machining Center | MAKINO V55(Max 20,000rpm)
Dynamometer 9251 A(Kistler)
Oscilloscope 4Ch, Max Sampling : 400kHz
Amplifier 5019A(Kistler)
CCD Camera PULNIX(x200)
Surface tester Surtronic 3'(Taylor Hobson)
Optical microscope STM-MJS2(Olympus)
SEM HITACHI S-3500N

Table 2 Cutting conditions for machining evaluation

Condition

End-mill tool &6 flat 2-flute / 4-flute

2-flute | 8,000 10,000 12,000

Spindle revolution [rpm]

4-flute 14,000
Feed per tooth [mm/tooth] 0.04
Radial depth of cut [mm] 0.04
Axial depth of cut [mm] 6.0
Cutting fluid Dry

2-flute | STD11(HrC25)
4-flute | STD11(HrRC60)

Workpiece

(a) Wear measurement

Fig. 4 Wear measurement of Multi-cutting tool
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Table 3 Specifications of 2-flute end-mill(*Domestic,
**Foreign)

Density [Hardness] TRS [Co ContendWC size
Maker 3 2
(g/en’) | (HRA) |(Nmm')| (%) (pam)
B(1)**| 1456 | 93.4 3818 8 0.2~0.5
B2)**| 14.07 | 92.8 4106 12 0.2~0.5
C** | 1448 | 93.7 2829 9 02
D(1)y**| 1433 94.2 2851 9 0.5
D2)**| 14.11 92.7 3714 12 0.5
D@3)**| 13.94 | 92.6 3363 13 0.5
N(D* | 1450 | 94.0 3487 8 0.2
N2)* | 1427 | 94.0 3482 9 0.2
NG3)* | 1410 | 927 3837 12 0.2

Table 4 Specifications of 4-flute end-mill(* Domestic,
**Foreign)

Maker Densi';y Hardness| TRS2 Co ContentWC size
(g/om’) | (HRA) |(N/mm')| (%) (¢em)
A** 144]1 | 915 4087 10 u] Ak
B(1-1)**| 1435 | 915 3655 10 0.5~0.8
B2-1)**| 1413 | 92.6 4547 12 0.2~0.5
C(1-1)**{ 1434 | 915 4028 10 oAy
N(1-1)* | 1442 | 93.9 3763 9 0.2
NQ2-1)* | 1420 | 93.5 3646 10 02
N3-1)* | 1408 | 92.8 3998 12 0.2
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Fig. 5 End-mill structure by optical microscope(x2000)
and scanning electron microscope(SEM, x15000)
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Fig. 6 Tool wear according to cutting length(8,000rpm)
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