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A Study on tool life in the high speed machining of small-size end mill
by factorial design of experiments and regression model

Pyo Lim’, Sang Yoon Park’ and Gyun Eui Yang"

ABSTRACT

High speed machining(HSM) technique is widely used in the appliance, automobile part and mold industries,
because it has many advantages such as good quality, low cost and rapid machining time. But it also has
problems such as tool breakage, smooth tool path, and so on. In particular, small size end mill is easy to break,
so it must be changed before interrupting operation. Generally, the tool life of small size end mill is affected by
the milling conditions whose selected parameters are spindle speed, feedrate, and width of cut. The experiments
were carried out by full factorial design of experiments using an orthogonal array.

This paper shows optimal combination and mathematical model for tool life, Therefore, the analysis of
variance(ANOVA) is employed to analyze the main effects and the interactions of these milling parameters and
the second-order polynomial regression model with three independent variables is estimated to predict tool life by

multiple regression analysis.
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Fig. 1 Full factorial design of experiments
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Table 1 The properties and compositions of KP4M

Specification Value
The mechanical Yield Point (kgf/mm) 75-90
. Tensile Strength (kgf/mt) 90-105
properties
Hardness (Hs) 40-46
C 0.32/0.38
The chemical Si 0.20/0.40
compositions Mn 0.60/1.40
(wt, %) Cr 1.60/2.00
Mo 0.40/0.60
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Table 2 Factors and levels of experiments for tool life

Level
- 1 2 3
Factor & sign

Spindle speed (rpm) A 22,000 25,000 28,000

Feedrate (m/min) B 600 800 1000

Width of cut (mm) C 0.13 0.21 0.29

workpiece : KP4M
depth of cut (mm) : 0.1
coolant : dry

Constant factors
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Table 3 Orthogonal array table for factorial design

No. Factor Tool life
experiment A B C (minutes)
1 1 1 1 115
2 1 1 2 66
3 1 1 3 28
4 1 2 1 105
5 1 2 2 38
6 1 2 3 22
7 1 3 1 101
8 1 3 2 26
9 1 3 3 9
10 2 1 1 138
11 2 1 2 75
12 2 1 3 49
13 2 2 1 128
14 2 2 2 51
15 2 2 3 38
16 2 3 1 108
17 2 3 2 24
18 2 3 3 23
19 3 1 1 110
20 3 1 2 57
21 3 1 3 28
22 3 2 1 110
23 3 2 2 67
24 3 2 3 33
25 3 3 1 139
26 3 3 2 31
27 3 3 3 9l
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Table 4 Analysis of variance table for tool life

s |o \% F  |F(0.05)| F(0.1)
A 8687 | 2 | 4344 518" | 389 281
B | 21301 2 | 10650] 12.71°| 3.89| 2.81
C  |40065.4 | 2 200327 239.06°| 3.89| 281
AxB | 8350] 4 | 2088| 249 | 326| 248
BxC | 10050 4 | 2513| 3.00 | 326| 248
e | 10056| 12| 838
Total |45909.9 | 26
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Fig. 3 Main effect of factors for tool life
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Table 5 The calculated AB two-way table for tool life

A, A, A, T,
B, 209 263 195 667
B, 165 217 210 592
B, 136 155 181 472
T;. 510 635 586 1,731

Table 6 The calculated BC two-way table for tool life

B, B, B; T

C, 364 343 348 1,055

C, 198 156 81 435

C, 105 93 43 241

T, 667 592 472 1,731
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Table 7 Confidence interval of population average for
tool life

lower value

122.73

upper value

147.05
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Table 8 ANOVA of multiple linear regression model

for tool life
S ) \% F |F(0.01)
Model 39132 3| 13044 | 44277 | 478
e 6778 | 23| 295
Total 45910 26
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Table 9 ANOVA of second-order polynomial
regression model for tool life
S ) v F | F(0.01)
Model | 434992 | 7| 62142 | 4898 | 377
e 2410.6 | 19 126.9
Total 459099 | 26

244 §945% onlldlA el w
W, AAAS RI7} 947%e017) W] AN
J 357 BEYETY 4YERE HS F HYE

T Bt

2 —\F‘« rie
=2 of
2
of » Mo
4L
=

rgt

2

N

>

olr

2{_5

pY

[«0

o

N

do

ol

o

&2

=2
|

M i o
N X ob oft

i)

1A A4S sefatn, FF

A Seiet. ole) 2YAEE

g5, o gARLS &

e Are A

9N AR AR F5 FAF, olFS

,ANES Wste 27 37 19 FBe

AAE 72 Al £, 75 (A5 ol

NSSES ANTL ANEES A
o ZRANA Fstn weLt.

2 &5 FEo) F7F) W} FT 473
e gash & Ha%E FhG gadte
24 gu] £HE AR e, ol B7 £HH o
27440 H% HArte RS BelZTh

7 499 A4 +2zel P e &

st mgwel et 90% A2 FhelA A

i S S R | O RS
NlO ofl
o ki o

o, off

9

&ol welaithe Ag AZAT. ool A =
Folne] B Zke BT 9oz o8t
A% 7FsaAl s

e 27 BAO A% 23480 Hg A%

e o)z o #7 2yl sjso] B 5
29 27 S @ 1% no AR 3
F +9€ 458 4 deds B

#IEH

. Dewes, R. C. and AspinWall, D. K., "A Review

of Ultra High Speed Milling of Hardened Steels,”

‘Materials Processing Technology, Vol. 69, pp.

1-17, 1997.

Lee, D. W, Jeong, Y. H., Kang, M. C., Lee, K.
Y., Kim, J. S, Kim, K. G. and Kim, S. W,
"Advanced Machining Technology for Die
Manufacturing L" Journal of Korean Society of
Precision Engineering, Vol. 17, No. 4, pp. 48-68,
2000.

Nakamura, S., "High speed spindles for machine
tools," Int, J. Japan Soc. Prec. Eng. Vol. 30, No.
4, pp. 291-294, 1996.

Choi, C. H.,, "High Speed Machining &
Technology of Tooling for Die and Mold
Making," Journal of Korean Socie.ty of Precision
Engineering, Vol. 18, No. 8, pp. 18-23, 2001.
Lim, P., Lee, H. K. and Yang, G. E, "High Speed
Machining of the thin surface parts using liquid
metal and selection of machining condition by
Latin Square Method," Journal of Korean Society
of Precision Engineering, Vol. 22, No. 10, pp.
99-106, 2005.

Bae, H. J., "Analysis of Working factors for
improvement of surface Roughness on high speed
end-milling," of Korean Society of
Precision Engineering, Vol. 21, No. 6, pp. 52-59,
2000.

Lim, P, Jang, D. K., Lee, H. K. and Yang, G. E.,

Journal

"High speed machining of cavity pattern in
prehardened mold using the small size tool,"
Journal of Korean Society of Precision

Engineering, Vol. 21, No. 1, pp. 133-139, 2004.



a3l

3% 2374 A2z

11.

12

13.

14.

Alauddin, M., 1. A., El-Baradie, M. A., "Tool life
for end milling steel (190BHN)," Journal of
Materials Processing Technology, No. 68 pp.
50-59, 1997. .

Choudhury, I. A. and El-Baradie, M. A,
"Tool-life  prediction model by design of
experiments for turning high strength steel
(290BHN)," Journal of Materials Processing
Technology, No. 77, pp. 319-326, 1998.

Chen, T. C. and Hong, H., "Comparison of the
tool life of tungsten carbides coated by multi-layer
TiCN and TiAICN for end mills using the
Taguchi method,” Journal of Materials Processing
Technology, No. 123 pp. 1-4, 2002.

Sharman, A., Dewes, R. C. and Aspinwall, D. K,,
"Tool life when high speed ball nose end milling
Inconel 718TM," Journal of Materials Processing
Technology, No. 118 pp. 29-35, 2001.

Tosun, N. and Ozler, L., "A study of tool life in
hot machining using articial neural networks and
regression analysis method,” Journal of Materials
Processing Technology, No. 124 pp. 99-104, 2002.
Park, S. H., "Morden Design of Experiments,"
Minyongsa, pp. 305-329, 2001.

Park, S. H., "Regression Analysis," Minyongsa,
pp. 175-318, 2003.

80



