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A Study of Cut-off Tool Life Equation by Response Surface Methodology
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ABSTRACT

This paper presents a study of toollife equation on cut-off test by the statistical approach,
refered to as response surface methodology instead of a conventional one-variable at a time
method. It is the merit of response surface methodology that the test time is reduced to mini-
mize the size and accurate analysis can be done. The reliability of such an equation can also be
estimated. Two independent variables, cutting speed and feed rate, were investigated. A first
order modeling equation is presented in this project.

The results of this study are as follows that toollife in cut-off operation is affected by
cutting speed more than feed, and first order tool-life predicting equations are in good agreement
with experimental results.
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Table 1 Chemical composition of SM45C

Composistion | C 851 ([Mn| P S
Weight(%) | 0.47] 0.25/0.05 | 0.022 0.028

Table 2 Mechanical Properties of SM45C

Tensile Yield El tion Hard
St th St h ongation Hardnesas
rength . | Strength | TGS CHB)
71.3 36.45 18.6 206
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Fig.? The test piece after cut—off operation
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Table 3 lewvels of variable ond coding

identification

cutting speed |feed rate Coding
Vin/minINGpm)| (mm/rev] | X, X,

Leval

Higest 160 878 0. 0009 |—2326 | —2.267!

High 140 {768 | 0. 0008 |—1.000 { —1.000'
Center | 120 | 658 | 0 0007 |—0.083|—0.072
Low | 100 |548 | 0.0006 | 1000 1000

Lowest 80 439 0. 0005 | 1.794 1819

Block Test Number
I L 3 4 5 7. 10
I 2 6 8 9 10, 12

Fig.1 Central Composite Design used for
Tool- Life Experiments
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ARk ORI TE o olg B2 A 14.350 | 0.151 | 32.800 0.335
o] Bejzm glth 16.400 0.189
D |V =80 avmin
@ | V¥ =100 mvemin 4 V=120m/min F =0.005mm/rev
__C) Y =120 mimin T Vs T Vi
| © V=140 mimin '
® V=150 wemin 1.517 0.058 | 16.683 0. 256
4,550 0.088 | 19717 0.270
. 7.583 0.127 | 22.750 0. 294
) 10.617 0.174 | 24.267 0. 323
® 13.650 0. 224

5 V=120m/min  F = 0.007 mm/rev
T Vs T Vs
1. 967 0.067 13.767 0.239
-3 933 0.093 17.700 0.275
7.867 0. 15_2 21.633 0.314
] [ 8 17 . 20 2% 28 R 9 833 0.188

cutling time [min]

Q1 F=0006 mmirey
v ! F=x0.007 nwn/rev
Q' |F =0.008 mmirev

Flank wear -wadih { mm]

Fig.3 Crater wear width versus cutting time 6. V=12
at various cutting speed

0m/min  F = 0.009 mm/rev

T Ve T Vs
2. 800 0.787 14. 000 0.257
5. 600 0.129 16.800 0. 291

Table4 Cuiting time and Flank were width

1. V=80m/min F = 0007 mm/rev 8. 400 0.187 19.600 0.324
T(min] | Velmm] | T(min) | Velmm] 11.200 0.225
cutting |wear cutting wear
time width time width 7 10 - 0006
2.933 | 0.077 | 17.600 0.174 . V=Wom/min _F =000 mm/rev
5866 | 0.087 | 20.533 0.182 T Vs T Ve

8.800 | 0.118 | 23466 | 0.194 1'233 0.059 | 9.667 | 0.240
11733 | 0127 | 26.400 | 0221 3.867 | 0112 | 11600 | 0276

14.666 0.158 29. 333 0.249 . 800 0.177 13.533 0.301
7.733 0.208
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8 V=140m/min F =0.008 mm/rev
T Ve T Vb
1. 483 0.059 7.417 0.212
2. 967 0.106 8.900 0.252
4,450 0.148 10.383 0. 287
5933 | 0,190 | 11867 | 0.328

9 V=160m/min F=0007mm/rev

T Vs T Vi
1.450 | 0.083 7.250 | 0.249
2.900 | 0131 8.700 | 0.275
4350 | 0.179 10.150 | 0.323
5800 | 0.213

100 V=120m/min F = 0.007 mm/rev

T Vp T V&
1417 | 0.053 12.753 | 0.242
4251 { 0.096 15.587 | 0.268
7085 | 0.157 18 421 | 0.302
9.919 | 0185 | 21.255 | 0.324

11. V=120m/min F = 0.007 mm/rev

T Vs T Ve
1.350 | 0.047 12.150 | 0.224
4050 | 0.077 14.850 | 0.238
6.750 | 0.132 | 17.550 | 0.279
9.450 | 0189 | 20.250 | 0.313

122 V=120m/min  F = 0.009 mm/rev

T Ve T Ve
1483 | 0.057 13.347 | 0.236
4.449 | 0.088 16.313 | 0.258
7.415 | 0.132 19.279 | 0.289
10.381 | 0.198 922.245 | 0.327
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Fig.4 Crater wear width versus cutting time
‘at various feed rate
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Table 5 Cutting conditions, codings and tool-Life results

Block Test cutting | feed rate] coding ) )
No No speed T y T y
Cm/min )|(mm/rev])] X, X
1 80 0.007 |—2.326| 0072 2415 | 3184 | 2465 | 3 205
3 100 0.008 |—1.000{ Lo00| 1715 ( 2.842 | 18.30 | 2 907
4 120 0.005 0.083|—2.267 | 1290 | 2.557 | 11.30 | 2426
I 5 120 0.007 0.083| 0072 10.20 | 2322 13.00 | 2.564
7 140 0.006 L000|—1.000| 7.25 | 1.981 9.55 | 2257
10 120 0.007 0.083] 0.072( 10.10 | 2. 313 13.00 | 2.564
2 100 0.006 |—1.000{—1000 | 1900 | 2.944 | 16.30 | 2. 789
6 120 0.009 0.083| 1819 9.85 | 2.287 | 14.40 | 2.667
140 0.008 1.000] 1.000 6.50 | 1.872 | 10.75 | 2 375
I 9 160 0.007 1.794| 0.072 545 | 1.696 820 | 2109
11 120 0.007 0.083] 0.072 | 10.30 | 2.332 | 13.00 | 2564
12 120 0.007 0.083] 0.072| 1050 | 2 351 13.00 | 2 564




60/ X =

REFERENCES

. REE. Devor, “Tool Life Variation and its

influence on the Development of Tool
Life Models”, Trans. ASME, Vo0l.99,
pp-578-584 (1977)

. SM. Wu, “An Exploratory Study of
Taylor’s Tool Life Equation by Power
Transformations”, Trans. ASME, Vol.88,
pp.81-92 (1966)

. K8, Taraman, “Application of Response
Surface Methodology to the Selection of
Machining Variable”, Trans. AlIE, Vol4,
pp.111-115 (1972)

. GEP. Box, “The Exploration and Ex-
ploitation of Response Surface, Some
General Considerations and Examples”,
Biometrics, Vol.10, p.16 (1954)

. A. Bhattacharyya, “Analysis of Tool
Wear Part I, Part 11, Trans. ASME, Vol 91,
pp.790-798, Vol.92, pp.109-114 (1969,
1970)

. E. Lenz, “Investigation of the Flank
Wear of Cemented Carbide Tools”, Trans.

10.

11.

12.

ASME, Vol 98, pp.246-250 (1976)

. SM. Wu, “Tool Life Testing by Res-

ponse Surface Methodology”, Parts I and
2, Trans. ASME, Vol.86, pp.105-116
(1964) _

B B, “OEI T AT EERED b
BB ORTT, BEER, 445 5%,
pp. 77 ~ 83(1978)

L EAE B, BERE 2, “ORKHR%Z

LB EOT RS RMERFE", D ARBRE
@tk 474, 414%, pp. 211~222

(1981)

Wager, J.G., and Barash, M.M., “Study of
the Distribution of the Life of HSS Tools”,
Trans. ASME, Vol.93, pp.1044-1050
(1971)

Y. Koren, “Flank Wear Model of Cutting
Tools Using Control Theory”, Trans.
ASME, Vol.100, pp.103-109 (1978)

MM. Tseng, “On the Measurement and
Propagation of Flank Wear in Cutting
Tools”, Trans. ASME, Vol.101, pp.109-
115 (1979)



