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ABSTRACT

With the availability of ceramics (AlLO, ALOyTiC), it is possible to machine very hard steel at differemt
cutting conditions. When hardened steel STD 11 is turned using ceramic tools, chip fromation 15 observed
conical-herical and arc chips with a cyclic saw toothed type The main cause of saw toothed chip formation
is found to be periodic gross shear fracture extending from the free surface of the chip loward the tool
tip. In regard to chip conirol, ceramic AlLQ; is superior to the other cutting toals. The roughness of machi-
ned surface was getfing worse with increasing of cuiting speed and feed.
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Table 1. Chemical Compositions of Specimen {wt.%)
Commposition C Si Mn P S Cr Mo v
S5TD11 14 0.35 0.55 0.025 0.025 12.0 1.0 0.3

Table 2. Physical and Mechanical Properties of Cutting Tool Materials

Cutting tool materials
Praperties WG AlO ALDTiC CBN
Hardness (Hv) 2080 2600 3200 4500
Modulus of elasticity (Kg/mm® 52000 38000 32000 71000
Transverse rupture strength (Kg/mmn® 150 80 a0 80
Thermal conductivity (Cal/Cm¥Sec) 0.07 0.002 0.04 a1
Thermal expansion coefficient (X 107%/C) A.5 76 74 4.7
Density (g/Cm?) 15.7 4.23 4.92 348
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Fig. 1. Geometry and specificalion of cutting tools.
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Table 3. Cutting Condition

Cutling speed Feed Depth of cut
Vim/mm) | f (mm/rev) d {mm) coolant
4 0.06
60 0.08
80 0.18 02 nong
120 0.12
180 0.14
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Fig. 2. SEM micrographs of the cutting tool materials. (a) ALO; (b) AlLOs-TiC {c) WC (d) CBN
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Fig. 3. Standard chip formation by ISQ.
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Fig. 4. Chip forms obtained in machining by ceramic
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Fig. 5. Chip forms obtained in machining by ceramic
(Al05-TiC) (Depth of cut, d=0.2 mm).
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Fig. 6. Chip forms obtained in machining by WC (De-
pth of cut, d=0.2 mm).
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Fig. 7. Chip forms obtained n machining by CBN (De-
pth of cut, d=0.2 mm).
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Fig, 8. Microphotographs of saw toothed chip produced
when machining STD11 steel by (a) ALO- and
(b) Al:0+-TiC, (¢} WC, (d) CBN cutting tool (V
=80 m/min, {=0.14 mm/rev, d=0.2 mm).
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Fig. 9. {a) SEM micrograph of partially formed disco-
ntinuous chip.
{b) Diagramatic representation of (a).
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Fig. 10. Relationships between cutting tool materials
and cuiting speed on surface roughness
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Fig. 11. Relationships between cutting tool materials
and feed on surface roughness.
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