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Estimation of Tool life by Simple & Multiple Linear Regression Analysis of
SisNs Ceramic Cutting Tools
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]l Abstract lr

In this study, four kinds of SisNs-based ceramic cutting tools with different sintering time were fabricated to investigate
the relation among mechanical properties, grain size and tool life. They were used to turn gray cast iron at a cutting speed
of 330m/min and depth of cut of 0.5mm and 1mm in dry, continuos cutting conditions. Multiple linear regression model
was used to determine the relations among the mechanical property, grain size and the density. It was found that the combination
of hardness and fracture toughness showed a good relation with tool life. It was also shown that hardness was the most
important single element for the tool life.
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Table 1 Compositions and
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2.1 SisNoA| M2I FH 37| M=

SisNuA Alztd] "4 3] 71A1d B4 &2 YAt
A77h B ol viAe YFE 2AR A8 AHEE A
Ho ZUYRE ¢-SisNy £Z(Grade E 10, Ube Industries,
Tokyo, Japam)} 4-SisNy 2Z(Grade SN-P21FC, Denkikagaku,
Tokyo, Japany& AMESIL, #99 HIUAEL 4%
0.33 um2 0.56 umo| Rt 23 H7MHE Y205(99.9%
pure, Shin-Etsu Chemical Co., Tokyo, Japan)?} a-ALOs
(99.9% pure, Sumitomo Chemical co., Tokyo, Japan)E
AHg-3kgioh

7t YR AL SiNg &3 polyethylene ¥& AHE-31o]
A& SR 24417 B3 &4 27E &, s E A
ZA7)12 $F33} BAE AR 222 1760°C, 25MPa
o z27AH NpE71E AHEote] 27 1-8X7F B U5
7heh AZetn}. &8 AJHY 2AH BEY o]FES
Table 13} Zt} 422U = Archimedes W& AR5l
EAQs4L, 4249 ANHES BHE Avlste, CFe}
7.8% 0,9 ErtAR Zepxo} o] FL stgeh v LR
= FAAAA|A(SEM)E AHE-ste] #askgla, 234
£ B8 9J8te AlHELS X-41 34 EM(XRD)E 3}
Ack 2213 A= B4 KS L 16039 3¢
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AzE 7t AHES A4 HEE 98] SNGN 1204169
272 A|HS 7H281%.0 1 SN-Series(SN1~SN8)2} 11
stk B ot "y ZHo] 75°C3 CSRNR 2525M
12CEA typeg AH&-3lglrt 24 7HAE ) AHSE 32
7|4 CNC AMHHIT 15, AL 227]AARI R0l

Sintering Conditions

Sinteri
Batch(wt%o) Con;;'if(’)i
Sample C
a—SigN, B—SisNy Al504 Y,0, 1760 T?H;jj.SMPa
SN2 91 1 6 2 o
SN4 91 1 6 2 ahr
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Fig. 1 SEM micrographs of hot-pressed samples:
(a) SN1, (b) SN2, (c) SN4, (d) SN8 (refer to Table 1)

Table 2 Mechanical properties of cutting tools

Sample I-iaer;f:)s Tl:)ﬁ;hufgs C;{?c{n Dlzlligll(ty
(MPam )| (um) | (g/em?®)
SN1 | 15.8 +0.17] 5.68 = 0.06 0.44 3.165
SN2 |154 +022] 5.87 £0.18 0.61 3.168
SN4 152 £021| 6.09 £0.10 1.11 3.177
SN8 1150 +0.31]) 6.11 £0.08 1.26 3.184
AS10 15.5 6.0 0.93 32
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Fig. 2 Flank wear curve of SizN4 inser machining gray
cast iron under 330m/min, cutting speed with
0.2mm/rev feed 0.5Smm depth of cut
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Fig. 3 Flank wear curve of Si;Ns inser machining gray
cast iron under 330m/min, cutting speed with
0.2mm/rev feed Imm depth of cut
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Fig. 4 Hardness, toughness, grain size of SN-series and
tool life during machining gray cast iron
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g, 5 Relation between wear resistance coefficient
(chmHm, Kic=fracture toughness, H=hardness) and
tool life during machining gray cast iron
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by simple regression analysis when independent
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Table 3 Coefficient of determination

Variables ci2 ci3 3
R(d=05mm) | 0999879 | 0998533 | 0924764
R(d=lmm) | 0999710 | 0996475 | 0971956

(* 1 : hardness, 2 : fracture toughness, 3 : grain size)

Table 4 Estimated tool life and precision by multiple
regression analysis, when depth of cut is 0.5mm

SN1 | SN2 | SN4 | SN8 P
Exp. tool life| 370 325 306 280 *
Ci2 3703 | 324.5 | 305.9 | 280.4 0.5213
Ci3 370.7 | 3246 | 304.2 | 281.6 | 6.3375
C23 366.4 | 332.6 | 292.9 | 289.1 | 325.0779
(* 1 : hardness, 2 : fracture toughness, 3 : grain size)
y=—1891.2149 + 130.8191x, + 34.2553x, @
y=—"568.9787 + 73.8298x, — 48.9361x, ®)
y=—1494.8538 + 117.8932x, + 6.3658x4 6)
y=—1135.2088 +92.2954x; — 9.0940x4 @)
y=1366.3594 — 175.9030x, — 1.9707x3 ®)
y=1360.7039 — 184.1863x; + 7.7690x; )

(=A%, 2T, rradURAT], A @), ©),
(8): d=0.5mm, 2}(5), (7), (9): d=1mm)
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Table 5 Estimated tool life and precision by multiple
regression analysis, when depth of cut is Imm

SN1 | SN2 | SN4 | SN8 P

Exp. tool life) 320 280 255 240 *
C12 319.6 | 280.7 | 2552 | 239.5 | 1.0638
C13 319.1 | 280.6 | 257.6 | 237.8 | 12.9336
C23 3179 | 284.3 | 247.6 | 2451 | 17.1400

(* 1 : hardness, 2 : fracture toughness, 3 : grain size)
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