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Wear Mechanism of The SizN, Ceramic Tools in Cutting Cast Iron

Ryozo Kitacawa and Kitao Okusa

Abstract

The silicon nitride ceramic SizNy is superior to the conventional oxide ceramic Al,Oj in several characteristics.
It has greater shock resistance, the low rate of expansion at high temperature, and somewhat superior thermal

conductivity.

The SizN,4 ceramic tools used for this experiment were made by sintering method. Tool wear mechanism of SizN,
ceramic tools in cutting has been studied with regard to ceramic grades and cutting edge failures. Ceramic tool’s
properties were varied by changing the chemical compositions and the sintering methods.

Machining tests were conducted on a turning machine and a milling machine by cutting FC25 cast iron. Cutting
speed was varied from 100 m/min to about 1000 m/min and feed rate was used at 0.2 or 0.3 mm/tooth whereas

depth of cut was used constantly on these tests.

After test runs, the following conclusions were obtained :
(1) There is a great deal of influence in tool toughness, when the tools are intertwined with the rod type of the

silicon nitride particles.

(2) 1t is found that the cutting ability of the tool relate with hradness and fracture toughness.
This type of tools minimizes the fall off of the silicon nitride particles on the cutting edge and reduces wears on

the flank face.
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Table 1 Mechanical properties and chemical com-
position of tested tools.

Hardness Fracture Chemical composition

Tool S toug: s
(giemh) HyA |Hv(200g] k5 (MN/MA]SigNg | Y203 [AO3 | TaC | MgO| TiC
FX 3.258 | 92.74 | 1657 89 o ]
NA 3.247 | 92,84} 1683 6.4 [e] [o] o]
KY 3.265 | 93.08( 1752 5.9 o o o
UA 3.382 | 93.52 | 1816 6.3 o o (o] [}
uB 3.240 | 92.16 | 1471 6.2 o <] o
uc 3.264 | 9218 | 1527 5.8 [e] (o]
AT 4234 ]94.26 | 224 4.5 o o
AL 3980 | 9392 2049 3.4 [¢]

MM L D OEIERICHV2F v 7 (LWTFTILEEWVS)
INT L7, LEOFRIE JIS SNGN 4328 O RFHIT
<& 5. Tablel 127k L7z, FX, NA, KY @H|®
SisN, 7 3I v 7 TETHY, AT & Al,05-TiC D
By 3y TC, ALIEALO;PHETII v I THA.
HESAO TR REGOZR A FA—EIKRTH Y, T
HoOTEIZS —30°, @0.lmmDFx 7 7%254
YE Y TR, 20k I LTLAERIKK
i axnwE O EEL.

TR LEBRICHWATERO SN, ® AlL,O; DXL
FREDEIIES LTV AL ERNL D, HFTAE

Ceramics

SisNez

Ceramics

Al203

Fig. 1 SEM photographs of tested tools
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Table 2 Chenical composition of work-material

FC-25.
Cast Chemical Composition (wt%)
iron| C Si Mn P S Cu Ni Cr Mo
FC25{ 3.20 | 1.82 | 0.60 [0.044 | 0.022| 0.06 | 0.02 | 0.08 } 0.0
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Fig. 2 Relation between SizN, contents and resul-
tant cutting force in turning with tested tools
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Fig. 3 Wear curues of tsted tools in turning the
FC-25 cast iron
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Fig. 5 Resultant cutting forces of tested tools used
for milling FC-25 cast iron at the cutting
speed of 332 m/min
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