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Micro-cutting of Cemented Carbides with SEM

Sung Jung Heo"

ABSTRACT

This paper investigates the micro-cutting of cemented carbides using PCD (polycrystalline diamond) and PCBN
(polycrystalline cubic boron nitride) cutting tools are performed with SEM direct observation method. The purpose of
this study is to make clear the cutting mechanism of cemented carbides and the fracture of WC particles at the plastic
deformation zone in orthogonal micro-cutting. And also to achieve systematic understanding, the effect of machining
parameter on chip formation and machined surface was studied, including cutting speed, depth of cut and various tool
rake angle. Summary of the results are shown below. (1) Three type of chip formation process have been proposed by
the results of the direct observation in orthogonal micro-~cutting of cemented carbide materials. (2) From the whole
observation of chip formation, primary WC particles are crushed and/or fine grained in the shearing deformation zone. A
part of them are observed to collide directly with a cutting edge of tool by following the micro-cutting. (3) Surface finish,
surface morphology and surface integrity is good to obtain by cutting with PCD cutting tool compared with PCBN. (4)
The machined surface has the best quality near the low cutting speed of 10pum/sec with a cutting depth of 10 um using
0° rake angle and 3°flank angle in this condition, but it was found that excessively low speed, for example the extent
of 1um/sec, is not good enough to select for various reason.

Key Words : PCD cutting tools(TF2 73 474 tho]olZ = AaLF ), Cemented carbide materials(Z 78 &5 A)),
Micro-cutting(VFo] 22 ZH2h), SEM(FAFE A A& v 7)), Chip formation(d ¥4)
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Fig. | Photo of micro-cutting device in SEM
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Table 1 Chemical composition (wt%)

S::Ez‘:: W Co |Ti|Ta| cC
V50 73.3~78.0 | 17~22 | - - | 4.7~5.1
V60 65.3~73.7 | 22~30 | - - | 43~4.7

Table 2 Mechanical properties
Cemented Speci.?c Hard- Cortnpres;]ive ;ZZE%USS
carbides (ggr/?;g; F:Iis) (i;::ﬁnz) (X1 0"2
kg/mm°®)
V50 13.5 84.0 360 5.1
V60 13.1 82.0 320 4.8

Table 3 Experimental conditions of micro-cutting

Cutting speed v(pm/s) 1, 10, 100
Depth of cut t(pm) 1,5,10
PCD:a=0°—5° 12°
Tool material, rake angle(a) QB_ 30 6°
d flank angl o
and flank angle(B) PCBN : a= 0°, B= 3°
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Fig. 2 Successive SEM photographs of chip formation
process in micro-cutting [Workpiece; WC-Co

G60, Tool; PCD a=0°, f=3°, t=10um, v=10pnys]
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Fig. 3 Typical SEM photographs of chip formation in
micro-cutting of WC-Co [Workpiece; WC-Co
V50, Tool; PCD o=0, $=3°; t=10um, v=10um/s]
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Fig. 4 Successive SEM photographs of shearing

deformation process during micro-cutting at
various cutting distance[Workpiece; WC-Co G60,
Tool; PCD o=0°, B=3° t=10um, yv=5um/s]

A%l BAz 7|49 ZHo| A WH(W
7, yield strength)& oA W dHEo] gojurt ¢
2 9ol F/3tH FEGHo] HolXHA gt
FZoMe 7RI dojuta, 7149 39
7V EA A 7o &3S FolAA &
wiReto 7 3o waje Wy $Ho =g
2R A4 A ZE7t e, Fig 3m)dlA &
IRE Axp 2uke] nlA FE(@A)o] B}
t}.

et e A, wC YA 2o £FHo]
Az} 2 ¥ FHEE dojAA HAE QA=
gy e] w43 He Aol

2733FAE nlo]AE Hatd glolA HAH
Q) Aat A BAF RNovRY, A ¥
g s = E7) Wi, we datel dae
Ho] <43} He FEE ¥ Aolgtxn ARE &
At} ‘

2 jo L

il o

322 HA {5 Haloff offF ek o A

Fig. 5 © 2AEFAY vlolaz Halo] 9lo]
A HAEES Wl g Ad dn AFE v
NHog BAste Hud LS vehd Ao}

(a) L=200um
v=10pm/s

(b) L=1000um
v=10pum/s

(c) L=200um
v=15um/s

(d) L=1000pum
v=15um/s
Fig. 5 Comparison of shearing deformation zone by
various cutting speed [Workpiece; WC-Co
G60, Tool; PCD a=0°, B=3°; t=10um]
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Fig. 6 Comparison of the whole chip formation by
various cutting speed [Workpiece; WC-Co

G60, Tool; PCD 0=12°, B=6°; =10um)]
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(a) V60, Tool: PCD
a=12°, B=6°(X2,000)

(b) V60, Tool: PCD
a=0°, B=3°(X2,000)

(c) V60, Tool: PCD
a=-5°, B=3°(X2,000)

(d) V60, Tool: PCBN
a=0°, B=3°(X2,000)

(f) A low magnification
of Fig. (e)(X200)

(e) V50, Tool: PCD
a=0°, B=3°(X2,000)

Fig. 7 Comparison of the whole chip formation by
various tool shapes and workpieces [Workpiece ;
WC-Co V50, V60, Tool; PCD, PCBN; v=10
pm/s t=10pm}
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