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Optimization of Cutting Parameters for Burr Minimization

Sang-Heon Lee”, Seoung-Hwan Lee""

ABSTRACT

Burrs formed during face milling operations are very hard to characterize because there are many parameters that
affect the cutting process. Many researchers have tried to predict burr characteristics including burr size and shapes with
various experimental conditions such as cutting speed, feed rate, in-plane exit angle, number of inserts, etc., but it still
remains as a challenging problem for the complex combined effects between the parameters. In this paper, the Taguchi
method, which is a systematic optimization application in design and analysis of experiments, is introduced to acquire
optimum cutting parameters for burr minimization in face milling. Also, analysis of variance (AVOVA) is employed to
study the performance characteristics in more detail. Experimental verifications are provided to show the effectiveness
of this approach.

Key Words : Burr (®), Face milling (3™ Z3), Optimization (# % 3}), Cutting parameter (7} 381018 ),
Taguchi method (t}7% HFH), Orthogonal Array (22l Bl<d), ANOVA (F4HE4)
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Fig. | Optimization using the Taguchi method
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direction
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burr height

direction of
measurement

40x40x60

Axial rake angle = 7 deg.
Radial rake angel = 0 deg.

Fig. 2 Schematic diagram of experiment
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Table 2 Cutting parameters

Symbol Cutting variable Unit
A Number of insert number
B In-plane exit angle degree
C Depth of cut mm
D Feed rate mm/min
E Cutting speed RPM

Table 3 Parameters and their levels
(( ):SUS304)

level
T~ 2 3 4 5
symbol
A 5 4 3 2 1
(6) (&) 4) (3)
B 30 60 90 120 150
(36) (72) (108) (144)
C 4.5 35 2.5 1.5 0.5
(3.5) (2.5) (1.5) (0.5)
D 342 256 187 127 87
(127) (87) 61) “n
E 1800 1600 1250 1100 | 800
(1250) | (1100) | (800) (550)
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cutting velocity
vector V

In-plane exit
angle

workpiece

feed
direction cutting

milling tool

burr

machined
surface

Fig. 3 Definition of In-plane exit angle

Table 4 Orthogonal array for SUS304 (L,5(4°))

Factor
No A B C D E
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 | 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2
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Table 5 Experimental results for SUS304

Table 8 2 SUS304 o] Z-¢2A 7]o] &0
S E = feed rate & T2 FHEHEE 2 A
30%H =] 7AEE Zhxith o]# @ A
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plane exit angle ©) W2 Folo] WX o

Burr height viahy] dEel Sabgow hFste] BAMRAS
No 1th 2nd 3rd 4th Ave. _)‘: 3§ 3}?& L}
1 (08 | 085 | 080 | 076 | 081
i ?)(1)(5) 882 g:: 822 (?.‘lll Table 6 Average SN Ratios for each parameter level
4 1059 | 052 | 033 | 051 | 048 SN Rate @)
5 1049 | 040 | 058 | 070 | 054
6 | 061 | 050 | 068 | 071 | 062 level | A B ¢ D E
7 072 | 062 | 082 | 073 | 072 I | 873 | 1874 | 1438 | 1089 | 994
8 2.00 225 2.20 2.00 211 2 9.33 16.45 6.87 7.43 10.03
9 1063 | 065 | 056 | 062 | 06l 3 980 | 11.47 | 1081 | 866 | 13.17
10 1093 0.80 0.35 0.73 0.71 4 1244 | 425 1022 | 13.82 | 1093
1013 | 015 | 019 | 009 | 014 5 | 1096 | 037 | 899 | 1047 | 7.21
12 (280 | 300 | 320 | 350 | 3.12
13 1073 | 085 | 050 | 048 | 064 (a) AL6061-T6
14 1069 | 065 | 068 | 060 | 0.65 .
15 (250 270 | 290 | 400 | 300 SN Ratio (db)
16 002 | 025 | 030 | 015 | 0.8 fevel | A _| B ¢ D £
I | 127 | 371 | 9.08 | -0.41 | 294
shepvle] A dape] whel A SN W E T
depueel »FEE 474 gastel Ausadr Ty e e
Table 6 & Al6061-T6 S SUS304 ©] SN H] Mz 7 : ) SUS30d :
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os MAT & Ak AAA, AU E nAF
o} AEE HAH 20g AAs] A EE DOF | Sumof | Mean F p
Mg o] 83 WWo) the el FEHY. square | Square %)
S, = §1 ) S% X
4.2 BAHEA(ANOVA) O T I A
Table 6 Al 4] Al2EE SN H|E o] &3}o] #4t YRR Y =3
BAg AN AFE Ged 2o WA Tble 7 oy LA
& Al6061-T6 & 7 --2 A1 In-plain exit angle 9] F gt D 4 1185 29.6 13 6.6
o] 13.6 ©l1, pgtol 69.3%=A 71 Fag Iy E 4 922 23.1 1.1 5.2
MY yeidth & deelgEE 10%v T g 8 180.8 22.6 10.2
o ofEzA felgel A & 4 ok B [Towl | 24 [ 17718 100
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* 7 : Parameter symbol, & @ Error symbol
®;: Level of parameter,
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Table 8 ANOVA results for SUS304

DOF | Sumof | Mean F P

square | Square (%)

A 3 125.9 419 1.6 12.5
C 3 184.4 61.5 24 184
D 3 297.4 99.0 38 29.6
E 3 321.0 107.0 4.1 319
£ 3 75.5 26.2 7.6
Total 15 1004.0 100
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Table 9 Optimal Parameters

Optimal parameter
Parameter/ material Al6061-T6 SUS304
Number of inserts 2 6
In-plane exit angle 30 deg. 72 deg.
Depth of cut 4.5 mm 3.5mm
Feed rate 127 mm/min | 61 mm/min
Rotational speed 1250 rpm 1100 rpm
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Table 10 Prediction of SN ratios and experimental

verifications
work | Burr ;‘ ﬁ & n Burr
piece | height | (%) | '™ | Height
(mm) (db) | (db) (db) | Ave.
0.028
Al 0031 | 309 {315 |08 }|102 | 044
6061 | 0.022
-T6  [0.035
0.035
SUS | 0048 262259 |12 [4.72 | 091
304 {0.054
0.062

(b) SUS304

Fig. 4 Experimental verifications
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