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Abstract To satisfy the demand of higher cutting performance, mechanical properties with tungsten carbide
(WC-Co) tool materials were investigated. Hardness and transverse rupture strength with WC grain size, Co con-
tent and density were measured. Compared to H, K, and S manufacture maker as tungsten carbide (WC-Co) tool
materials were used for high-speed machining of end-milling operation. The three tungsten carbide (WC-Co) tool
materials were evaluated by cutting of STD11 cold-worked die steel (HRC25) under high-speed cutting condition.
Also, tool life was obtained from measuring flank wear by CCD wear measuring system. Tool dynamometer was
used to measure cutting force. The cutting force and tool wear are discussed along with tool material charac-
teristics. Consequently, the end-mill of K, H manufacture maker showed higher wear-resistance due to its higher
hardness, while the S maker endmill tool showed better performance for high metal removal.

Keywords : Endmill tool, Tool wear, Tungsten carbide (WC-Co), High speed machining

LA B

F2AL AubHQ AsdEta A2 3 1
I Alae Ak #E AE Bekdel #4
£ 7HAEA sk sl FAleleh1-3]. | 33
NAE 7457 4 A8 dAlel T4 A o
S S B3l 7 AEEE AT <l
om, F34, o]$A, A T B2 HopiA 1

o WU

s8] gt ATt LA AAHT 9. Tk
AR AN Bk S-S BT AR
obx Qs Aol mlAlal Abseln), A9 23
=9 T71e o2 AFHe glo] T =Al9)

[Tel : +82-51-510-2361; E-mail

*Corresponding Author :

Aol Agt At 1ol W dlojElwle| 2t BE
g Abefolct. =3l I&71EE TR ARET] 9
A d, AA, G 52 3 ER7E QlA
Tk A1 gl 8 2Aje] ABel)

Tl o] AMEE o] BaksAEA ¥
Toll 275 271e] 38l ookl oM 24
FrZ(Cemented carbide)2] A% 3FAko] HAIS] o
Hoix] 3L Qlth4-6]. 2T YR WCES]
BrEHE YRt} Aske] HES1av(Fe, Co, Ni) 522
T lem, T ofaubHel 3 AxsiA B
th7-9]. 2] B2 3 24, WA
Y= B¥ g gaFe] (A, vES, 7EE, o

: kangmc @pusan.ac.kr]

359



360 A53 - PAHA

Lo

A} 22 A ol 2l Adgg e oF
oA B3] WCHARY] Z7|9} WCHAL Alelo]
E 29 T/ (Mean free pathys 273359 EAS
AR s 7P F83F WpelTi{10-14].

WCHARe] #Hadhs A A Axe) EHS
Aol F7RAA, ASThEA] HAske w2 dEs
o, ibd Fo 2 Qg 379 AsE Has &
et 22T FLE(Coy®l wheF A7 R 7T QA
< 7RI B2 A=l 7o) o2 JAs
AT WAL o] BRgE Tl Mok =3 Co
o] k& AAZ 7$7t ’EEERHTIORES] H7HE
ZAE W AR 38y e AATIEA
379 IAE EAE 9E 4 Utk

wetd 2 dTelrMs 537 STD1I(HRC25)9)
&7l A, A A3k TS AR
7] S8 218 I EAlE AR gl =
AeME A FRE v 71AA AAE A9
A FAERL, 2ol whE AAl =" FE AR
sle] F7ebd, A o skl a9t &
Aol A T4 AR 715S AAISRAL gt

2. HEEX W YUY

2.1. UL HA

27T AXETAL Gkl Edolgyel ¢
3 AlslE, FEES Balmilts o]83}e] &
Aoz gsiglen, MNAEe =7 99.9%<] =
&-&-(Methanolye AHE3IAT. £ AlfoAle Al22)
A7) el Ihbrle] g 9 o M7 B3t
AZE A Aueze 554 8 o
7124 719 Asdsid, 352 A8l 91X (Punch)
o 93 AY 5L 3t Y = BE AlgH
oA 740 kg/em®o|c}. I8l T AR = AFRE A}
B3] AAsiant. =3 Al@ES HF 10°C/min
4£E2 1380°C7HA) 7FEdE F 1380°Cell A & 30%
<t AlE T WAk,

Zr A 27 A" de) Ax, 34
(Transverse Rupture Strength : TRS), U=-& &4 3}
Hom, nix|l R ulMZ22S st

ZAEXP-E ASTM B29477A0) wel ou)slEo)
10 kgolX, & 315o] 60 kgdl Y (Rockwell) A
scale? &3} M2 3] 2o AL £ &

Journal of Korean Powder Metallurgy Institute

L RNE - HGT - R

A8 FA zpe]2HE] AW FIE F3led 3]
F FAE AlES Fu2 vpe] Faisict old F
A 0001 g7 S 3 Y 23
9 7= 9 AL A A Y S
3t Y &8 AHe A4 F 8 mmF),
4 mm(FA), 20 mmEe]) =719 A5HA PPz
7aste] ARRslen, £ AR 5IS HAS
el JAHE SASH. 3EH TRS(N/mm’ye=
IS el A HAIE A (el o8] F-3lsdch.
_3pl

s‘}ﬁ ¢))
7|1A b: AlEe] F(mm), ¢ Al FA(mm), p:
EN), I AAE2H] AYE AY 20 mm)

)4 242 0~1/2 pme} Diamond 223} Spindle
Oilg &3l °lE Texmerel vIE H ZA A
o} #42 KFe(CN), KOH-} NaOH 10 g 57
4 100 ccell £33k 48 MURAKAMI 8103
3477 AlZE olg}h o] FAAZl AlHE “Karl
Zeiss” B3Hein|7 o2 nFZZ 10002 st
of A

22. degl B9 M5HIL
3T Aol BE 5SSk 1% AY

Tool dynamometer Preamplifier Digital oscilloscope

t ¢

Machining

Image grabber

Wear measurement

Fig. 1. Experimental setup for tool performance evalua-
tion.,
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Table 1. Machining conditions for tool performance evaluation
?10 Flat Endmill (6-flutes)

Tool

Workpiece STDI11(HRC25)
Cutting speed (rpm) 10,000
Feed (mm/min) 2,400
Feed per tooth (mm) 0.04
Radial depth (mm) 0.06
Axial depth (mm) 10
Tool overhang (mm) 30

Table 2. The main specification of experimental instruments

Instrument Specification
3 Axis, Freq. range: 5~10 kHz
4Ch, Max Sampling: 400 kHz

PULNIX(x200)

Dynamometer
Oscilloscope
CCD Camera
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Table 3. Mechanical properties with tungsten carbide (WC-
Co) tool materials

Maker S K H
Co content (%) ) 10 9 12
WC grain size (um) 0.6 0.5 0.5
Density (g/cm®) 1445 1430 1450
Hardness (HRA) 92.8 93.0 91.8
TRS (N/mm?) 4508 3920 3822
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Fig. 2. Micrograph structure of tungsten carbide (WC-Co) materials.

Cutting
Length Om 13m 22m
Maker (Flank wear:0mm) | (Flank wear:0.11mm) | (Flank wear:0.31mm)
H
Om 18m 33m
(Flank wear:0mm) | (Flank wear:0.13mm) | (Flank wear:0.31mm)
S
Om 18m 30m
(Flank wear:0mm) | (Flank wear:0.14mm) | (Flank wear:0.31mm)
K

Fig. 3. Flank wear pattern according to cutting length taken by CCD camera (Pulnix, X200) in change of tungsten carbide
(WC-Co) materials.
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Fig. 4. The comparison of flank wear as a function of cut-
ting length for three kinds of tungsten carbide (WC-Co)
materials.
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Table 4. Result of performance evaluation with tungsten
carbide (WC-Co) tool materials

Evaluation itemn

Classification Mechanical Tool  Cutting  Material
properties life force cost
H O X X A
K O O O VAN
S @) O ®) X

O : Good, A : Normal, X : Bad
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