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Optimal Cutting Condition of Tool Life in the High Speed
Machining by Taguchi Design of Experiments

Pyo Lim*, Gyun-Eui Yang

ABSTRACT

High Speed Machining(HSM) reduces machining time and improves surface accuracy because of the high
cutting speed and feedrate. Development of HSM makes it allowable to machine difficult-to-cut material and use
small-size-endmill. It is however limited to cutting condition and tool material. In the machining operation, it is
important to check main parameter of tool life and select optimal cutting condition because tool breakage can
interrupt progression of operation.

In this study, cutting parameters are determined to 3 factors and 3 levels which are a spindle speed, a
feedrate and a width of cut. Experiment is designed to orthogonal array table for L9 with 3 outer array using
Taguchi method. Also, it is proposed to inspect significance of the optimal factors and levels by ANOVA using
average of SN ratio for tool life. Finally, estimated value of SN ratio in the optimal cutting condition is
compared with measured one in the floor shop and reduction of loss is predicted.

Key Words : High Speed Machining(224:7}%), Small-size-Endmill(2~74 3-7), Tool life(&+4), Orthogonal
array (Zaui<g), Taguchi method(Th#4 ), ANOVA(ZAHEA]), SN ratio(A &t F-5-91),
Optimal cutting condition(#& Aarz7)

1. M B & (cutting speed)®] Z7HE = F%4 AL (MRR)

S AS F A HYon, FtEArY A 13

34 7}F(High Speed Machining) 7€ &2 5 Tol ¥ 25 Q3 st Adxe Fgaow =
FAF} 14 o)SS E(feedrate) S vl O g2 3 A2} 3 2 2Ex}, 3 AR A Aule] 9y HLd
3 okl o] J&e 23R BT 289 FT =

B 7]&o o 7E Aa wozt oyl

* Anieha tekel 710 ot FAE B hE R 27 BT AL Ms
# WA L AR 7)A GFA LS F=F Sk e, dAe S Fb 2 @
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Table 1 The mechanical properities of KP4M

Specification Value
Yield Point (kgf/mm) 65.80
Tensile Strength (kgf/mm) 75.90
Elongation (%) > 15
Reduction if Area (%) > 40
Impact Abso. Energy (Joule) > 60
Surface Hardness (HRC) 28 - 34
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Table 2 Factors and levels of experiments for tool life

Condition 1 2 3
Spindle speed(rpm)(A) 22,000 | 25,000 | 28,000
Feedrate (mm/min) (B) 600 800 1000

Width of cut(mm) (C) 0.13 021 0.29

AFY] HAAe wsAES YA dPY 3
sAl vehl7]l 9ete] HueiEs

(tables of orthogonal arrays)E ©]-83t3ich & 99l
APTE =S S wido] WA HAoH, 7t F
of BT & e BAAH ad 71AH Akt wt
52 g ge oA 2T F e UHE Fo 2AE
1340}04 3o RIEAFS Foto] 95 wigol wy

g olx

Table 3 Orhogonal array table for L9 with 3 outer amay

Factor Tool life(min) SN
No A|B|C| N N2 N3 ratio
1111 |1] 115 | 125 | 108 41.2427
2|1112|2)| 38 46 37 31.9938
3111313 9 14 10 20.3861
4 121 1|2 )| 75 70 60 36.5782
5|2112]|3]| 38 47 33 31.6252
6 2|31 108 | 102 95 40.1077
713113 28 23 23 27.7329
8 13 ]2 |1 110 | 124 | 106 41.0296
91332 3 27 23 28.4338
of sNHle] 7} b SFe] HiEH FL Tkl
R Table 49} 2t}
Table 4 Average SN ratio for each level

Lo Factor A B c

1 31.2075 35.1845 40.7933

2 36.1037 34.8829 32.3353

3 32.3988 29.6425 26.5814

Total 99.71 99.71 99.71

Table 45 ©o]-&3dto] &7 Sl oI SNule]

9 FEIHE Yerd 27} Fig. 303, 7 A%}
o) MELS Tale] SNulo] TiE BARAS s
éﬂr ‘% Table 57} Rolsx Q)

Main Effects Plot (data means) for SN ratios

Mean of SNratios

Signal-to-noise: Larger is better

Fig. 3 Main effect for SN ratio of tool life
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Table 5 ANOVA for SN ratio of tool life o] SNH] FA X o] 3t 95% AlZF7He HoAF1
o)
Factor S 10) \% F F(0.05) ATk,
A 39.117 2| 19.559| 21.36* 19.0 . . . .
Table 6 Confidence interval for SN ratio estimates
B 58.266| 2| 29.133| 31.82* 19.0
C 306.623| 2| 153.311| 167.43** 19.0 Lower value | Upper value
error 1831 2 0.916 w(A4,B,C)) 43.2305 47.9859
Total 405.838| 8

* . it is significant at 95% confidence level
** it is significant at 99% confidence level
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Table 7 Prediction of SN ratio
condition

in the optimal

AlBl q AQBl Cl

SN ratio (db) 41.2427 45.6082
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