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Abstract

Machining pressed compacts of ceramic and WC-Co materials can be the most cost effective

way of forming the bodies prior to sintering when the required number of pieces is small. In this

study, in order to clarify the machinability for turning, the SisN, and the WC-Co green compacts

unsintered were machined under different cutting conditions with various tools. Absorbing chips

by vacuum hose decreases tool wear. The tool wear becomes larger in the order of the ceramic,

CBN and cemented carhide tools in machining the $izN, green compacts. In machining the WC

-Co green compacts, the tool wear becomes lawrger in the order of the ceramic, cemented carbide

and CBN tools. The land of cutting edge does not affect tool wear. When machining with

cemented carbide tool, the tool wear in equal cutting length is nearly identical in spite of the

increase of cutting speed, and the roughness of machined surface was the best in the cutting speed

of 90 m/min. The tool wear decreases with the increase of rake angle and relief angle and with

the decrease of nose radius. The machined surfaces become worse with the increase of feed rate

and depth of cut, and with the decrease of rake angle and relief angle. The tool wear is not

affected by the feed rate and depth of cut.
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(a) SigN, green compact
Fig. 1
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(b) WC-Co green compact

SEM phothgraphs of fractured surfaces of Si;Ny and WC-Co green compacts
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Table 1 Mechanical and physical properties of materials machined

Material Si;N, WC-Co
Properties green compact green compact
Density g/cm? 3.0 2.5
Vickers hardness, HV GPa 0.35 0.30
Shore hardness, HS 17 15.5
Flexural strength MPa 10 8
Moisture content % 0.7 0.7
Grain size pm 0.25 0.34
Table 2 Materials and geometries of tools used
Tool material Tool geometry Chamfer
Type @ —5, =5, 5,5 15, 15, 0.8 None
. . Rake angle(®), a=—35, —25, —5, 10 None
Carbide, K01 | Variation of @ | p . ¢ afgle((z), y=5, 15 g 0.065 mm, 20°
Type ® -5, =5, 5, 5,15, 15, 2.0 None
Type © Round too, R=4.0 mm, a=—5°, y=5° None
Carbide, P10 -5, —5 5,5, 15, 15, 0.8 None
Alumina ceramic (TiC added) -5, =5, 5,5, 15,15, 0.8 g (I)\If))gi mm, 20°
CBN (Ceramic bonded) 5, =5,5,5, 15, 15, 0.8 g &gi:’m &
High speed steel tool, SKS -5, —5,5,5, 15,15, 0.2 None
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Side relief angle( 7 )

Side rake angle( @)

Back rake angle(a)

End relief angle( 7 )

The two (back and side) rake angles and
the two relief angles are respectively identical.

Negative rake

Positive rake

Fig. 2 Tool geometry showing rake angle and relief
angle

Table 3 Cutting conditions

Cutting speed, V 40, 90, 140 m/min

Feed rate, f 0.05, 0.1, 0.2 mm/rev

Depth of cut, d 0.2,0.5 1.0mm
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Fig. 3 Effect of vacuum chip removal on tool wear in

machining of SizN, green compact with
cemented carbide tool, K01
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Fig. 4 Wear progress curves of various tools in

machining of SizN, green compact
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Typical wear patterns of various tools in maching of SiyN, green compact
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(a) SizN, green compact

100 sem

(b)y WC-Co green compact

V=90 m/min, f=0.1 mm, d=0.5 mm, Cutting time=1 min

Fig. 8 Finished surfaces in machining of SisN, and WC-Co green compacts with cemented carbide tool, K01
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Fig. 9 Effect of cutting speed on wear rate of cement-
ed carbide tool, K01 in machining of SisN,
green compact
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Fig. 10 Effect of feed rate on wear rate of cemented
carbide tool, K01 in machining of SizN, green
compact
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(a) f=0.2mm/rev

V=90 mm/min, d==0.5 mm,

{b) f=0.5 mm/rev

Tool=K01, Cutting time=

R p1m

(¢) f=1.0mm/rev

1 min

Fig. 12 SEM photographs of chips formed under different feed rates in machining of SizN, green compact
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Fig. 13 Effect of depth of cut on tool wear rate in
machining of SizN, green compact
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