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Prediction of Burr Types using the Taguchi Method and an
Artificial Neural Network

Seoung Hwan Lee’, Seol Bim Kim*, Yong Won Cho*

—I Abstract B

Burrs formed during face milling operations can be very difficult to characterize since there exist several parameters
which have complex combined effects that affect the cuiting process. Many researchers have attempted to predict
burr characteristics including burr size and shape, using various experimental parameters such as cutting speed, feed
rate, in-plane exit angle, and number of inserts. However, the results of these studies tend to be limited to a specific
process parameter range and to certain materials. In this paper, the Taguchi method, a systematic optimization method
for design and analysis of experiments, is introduced to acquire optimum cutting conditions for burr minimization.

In addition, an in process monitoring scheme using an artificial neural network is presented for the prediction of burr

types.
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Gillepie(1976), Ko(1991), Chern(1993), Olvera(1996)*
5 o8 F= APHoz o]Rof Fom Wy FHA
Ho) el L FE A2 ol Rfeed rate), 350
3] 4 %(spindle speed), A4k Zlo|(depth of cut), 7}5H
EREN A4 2o o] o] R 2 [XA(n-plane
exit angle)5 9| 715 Heu|EE S0z Art AYPHA
th. 0]% Chem®2 ¥9] 252 o] wke} curl-type burr,
wave type burr, knife-type burr, secondary burr®] 47}z 2
B23algon, Kishimoto(1981)® £2 ¥E primary burre}
secondary burr2 LE-3}¢{th Chern®] E2oA 92] 47}
A % secondary burrE A3t Uz §3-2 Kishimoto7}
B3t primary burrd]] &3tct 22U} o 2@t LR A
F7F we] A Tof wAE sebueete] Ay A4
< Yol SREAL, 7R ZUEY 2 Fojo] dfEE
A= vvEtich A% A7 AE AL o3t 23
7H 27 ZEUCRE 7k 27 B3l 42 2 go] ofy
FEE AFASAZHANNY =30 BastA =gt
g2t £ =EoAde brREES 58 A2E 7w
H2 AFAFAETE APstgon, gl iz 4
e A= vas) o2 Yz Y Fa4e 8
it Ao aRH oz W v YA st AAE
TAE 9ot d7E +Ysgr)
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GRS o83t 2 HsA wetulE dA9 824
< Yshs B9 gt Bshe o] 2AA FH3E 7] M
A Aol Hagel7] AT HAY Fhe = FAeE A9
@ 5 Q. 53, metoj HAA Ao SN HE A
g3t =28 AA 9 detujE e R Sushy o
e 8o W FHT S54SR Ry 9l
of sjetulel dAE A AF RS ZH3E FAo

o2 % 99,

2.1 S/N H|

S/N H|(signal to noise ratioy= EAX)9] 7]%5-& Tehs}y)
fste] AR ALE £AZA SN 8|9 gho] AH &
5 9| #gshs SAAE BEA | ek BAS U
ER A o, Zt2He] A7 el diste] AAsithe Ae
ojujgttt. SIN Hl= B2, & EAA o o3) 1 F 7}
2224 5Et EA 2= WE(The nominal the better), 2
2(The lower the better), &ti(The higher the better) 4]
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Table 1 Mechanical properties of Al6061 and SUS304

Material Al6061 SUS304
Tensile strength(Mpa) 310 580
Yield stress(Mpa) 275 265
Fracture strain 0.50 0.55
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Table 2 Cutting conditions of preparatory experiment

Parameters Range Stand:(r)(ri] drirtlia::lmng
In-plane exit Angle(°) | 30 ~ 150 90
Depth of cut(mm) | 0.5 ~ 3.5 2
Feed rate(mm/tooth) (0.05 ~ 0.25 0.15

(b)
(h)SUS304 APA}

Fig. 1 (2)Al6061 A}

- ®-- ALB0G1
0.75 4 ° SUS304

°
0704 .
065 -

E

£

& .

= 060 -

B

-3 C

[

055 .
o
-
°
«
050
T T T
a0 60 20 120 150

In-plane exit angle

Fig. 2 In-plane exit angle vs burr height
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Table 3 Parameters and their levels

Table 5 Experiment results for Al6061 & SUS304

Level | | | 5 | 5 | 4 Al6061 SUS304
Symbol
' No. | Burr | Burr | SN Burr | Burr S/N
A : In-plane eXit Angle(®) | 30 | 70 | 110 | 150 type | height | ratio | type | height | ratio
B : Depth of cut(mm) 05| 10| 1520 1 |Type 1| 0.13 | 17.72 |Type 1| 042 | 7.53
C : Feed rate(mm/tooth) 0.05) 0.1 |0.15) 02 2 |Type 1| 0.06 | 24.43 |Type 2| 060 | 4.43
D : Spindle speed(rpm) 300 | 500 | 700 | 900 3 |Type 1| 0.12 | 1841 |Type 1| 0.15 | 16.47
. 4 |Type 1| 015 | 1647 |Type 2| 093 | 0.63
Table 4 Orthogonal amay(L¢(4'))
5 |Type 1| 021 | 1355 |Type 1| 0.10 | 20.00
No Factor 6 |Type 1| 0.08 | 21.93 {Type 2| 1.12 | -0.98
A B C D 7 |Type 2| 0.65 | 3.74 |Type 2| 0.76 | 2.38
1 ! ! ! 1 8 |Type 1| 043 | 7.33 |Type 1| 034 | 937
2 1 2 2 2 9 |Type 2| 0.60 | 443 |Type 2| 1.05 | -042
3 1 3 3 3 10 |Type 1| 0.17 | 1539 |Type 2| 0.85 | 141
4 1 4 4 4 11 |Type 1| 0.51 | 5.84 |Type 2| 0.54 | 535
5 2 1 2 3 12 |Type 2| 0.72 | 2.85 |Type 1| 020 | 13.97
6 2 2 1 4 13 |Type 2| 0.55 | 5.19 |Type 2| 130 | -2.27
7 2 3 4 1 14 |Type 2| 1.04 | -0.34 |Type 1| 048 | 637
8 2 4 3 2 15 |Type 2| 090 | 091 |Type 2| 069 | 3.22
9 3 1 3 4 16 |Type 2| 0.80 | 1.93 |Type 1| 050 | 6.02
10 3 2 4 3
11 3 3 1 2 Table 6 Average S/N ratio for each level(Al6061)
12 3 4 2 1
Parameter A B c D
13 4 1 4 2 Level
14 4 2 3 1 1 1926 | 1023 | 11.86 | 599
15 4 3 2 4 2 11.64 | 1536 | 1044 | 10.70
16 4 4 1 3 3 7.13 7.23 746 | 1233
4 1.93 715 | 1020 | 10.94

o

9 A ATE o, B Al S e 4719
012}9.} 4742l 2L Table 33+ 2ol AR AE2A

& 422 401zpo|BE AT WA 742 LigdHE Aust
At} Table 4= Al60613} SUS3040] A4-2 Xz vjgdxw
24 EA3 getulgo] 2FEA 1, A WEd 163
o A33l4E Yehdd 7‘2%4 A AT gt 4174
3lAl 339 ¥k A9e Ssielet.
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4. azizn

4.1 A% Znjet S/N ratio BM
M typel 3 type29] F 7RI BRBIGCH, typel & 4

Table 7 Average S/N ratio for each level(SUS304)

Paifi‘:fer A B C D
1 727 | 621 | 448 | 757
2 769 | 281 | 1041 | 422
3 508 | 68 | 795 | 1098
4 333 | 750 | 054 | o6l

Aoz B9 X47} 22 Secondary H 9} Edge-breakout
o] WAist= A--E UTth type 2+= Curl-type H|, Wave-
type W, Knife #7 HAsh= F9-olct. 48 F7} AL16061
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Ht} SUS3049] Hizo7k A2 B Fow, & A4
A1606191 4= typelo], SUS3040] A= type29] ®7} ¢
o] WA o B AlE Fig. 1o HREHT.

Table 5= Zf AR B 43, ¥ £o|, S/N H|E HoF
1 Qie). getug A A whel Table 63+ Table 7¢]
Uehd AAY, ALE SN HE £2H2 JFE 5}
Akt Table 6, Table 79] S/N ¥] A5 E o] &3 A
FAHEAE AAGE AIE Table 8, Table 99 Aejatict

ol7|A FHT vt BELE Al6061(Table 8)9 #-%,
IXAY p(%o)gto] oF 66% Y ER=H ofF 2 7| E(p)E X
ol glod, o2 mutu|g 9] 9= oA Akt g
oA e the A& 9 4 Yk &, SUS304(Table 9)9]
#Aoo|= grdolegt A& w7} 7kt 35.97%, 38.59%
o] 7] =g Ko 2N T watn|E 9] il uteir Ho
A7l o A HE £ U € 5 Stk ol AR
2 A gA=gt FAo] B Ar|de T FFE njA
the AMLE et

WAl SUS3049] %9, G =&o] Wyl w2 7H
Al gof # HAE]A] Rate] o] oG AAHA ¥t B

7le EeolA Fdol A w7t ¢ A= 2 e

Table 8 ANOVA of Al6061

% otk

1 AT HE A SN HIS 22UR HEg Pl
2 shepolelae A4y 2 g AuioRn 219 7pa
A AABET, 1 23 Table 103 ek

Thopth YA WBkE WA R ¥ o] W3}
7| 9151 A¥As AA S AT Aloos1o] th <)
7

bpolag sage

FAY AAYS FHSHE
AFAS AAYY YUROE AGY o, Hek 940 A%
& @71 918t ol ‘

AgAldwe S A+ =
A7 st EE QSN SARTE AN BS, AR
= AHA g AR s EE e s dYE A
YA 7ol

Symbol | D.oF |Sum of | Mean |} B, 3 2 W o Rol7t A4 AXAY 2o
il R oh st RANEHE A4 FAUsienden cious
A 3 | 647.63 | 21588 | 2124 | 6554 dimensionless) 2 317, A% AT}o] YZHeF BAABE A}
B 3 178.14 | 59.38 5.84 18.03 A1 23}1913Kreal dimensionless) 21 FT.
C 3 4059 | 13.53 | 133 | 4.11 Table 11 = 29| mlebu]g| S #3A 22183} A7)
D 3 91.35 | 3045 | 3.00 | 924 0|1, Table 138 AFAA B33t 2|71 Aolt), L8y
Error 3 3049 | 10.16 3.09 EQarE 2939 NS E o] §ste] 24T 2T
Total 15 | 988.18 100.00 o AAZ=E WA, 2859 23 A5E 243 9
Hupste] QJelgut 2SIt AAFEE WA e
Table 9 ANOVA of SUS304
Symbol | D.OF S;:Tarzf Sl\:‘fi Fol p Table 10 #Fe] 74 27
A 3 49.32 | 16.44 0.90 8.02 Optimal parameters
B 3 52.45 17.48 0.96 8.53 Parameter/ material Al6061 SUS304
C 3 22123 | 73.74 4.05 35.97 In-plane exit angle(®) 30 70
D 3 23738 79.13 | 434 | 3859 Depth of cut(mm) 1.0 2.0
Error 3 54.68 | 18.23 8.89 Feed rate(mm/tooth) 0.05 0.1
Total | 15 | 615.06 100.00 Spindle speed(rpm) 700 700
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Table 11 AYA B3asHe} 712X (A16061)

A8t

Z hidden node+
so

1 2 3 4 5 6 7

Range 30 | SO | 70 | 90 | 110 {130 | 150

A |Dimensionless| 0 |0.17]0.33| 0.5 |0.66|0.83| 1

Weight factor [ 0 [0.17(0.33| 0.5 {0.66|0.83] 1

Range 05 (0751 1.0 |L25| 15 | L75| 2

B | Dimensionless 0.17]033] 0.5 [0.66|0.83| 1

Weight factor 0.05{0.0910.14[0.18 | 0.23 [ 0.28

Range 0.05 10.075| 0.1 10.125/0.15{0.175| 0.2

C | Dimensionless 0.17(033| 0.5 [0.66|0.83} 1

Weight factor| 0 |[0.01}0.020.03|0.04|0.05|0.06

Range 300 | 400 | 500 | 600 | 700 | 800 | 900

D |Dimensionless| 1 [0.83(0.66§ 05 (033(0.17| 0

Weight factor [ 0.14 { 0.11|0.09 | 0.07 | 0.040.02| 0
Table 12 AMAA 2819} 7453 (A16061)

1 2 3 4 5 6 7

Range 30 ( 50 { 70 { 90 (110 130 | 150

A | Dimensionless| 0 |0.170.33| 0.5 |0.66]0.83| 1

Weight factor| 0 [0.17(0.33] 0.5 [0.66|0.83§ 1

Range 05 (0751 1.0 |1.25| 15 | L.75| 2

B |Dimensionless| 0 [0.17]0.33| 0.5 {0.66|0.83| 1

Weight factor | 0.09]0.05) 0 0.14]0.18]0.23 | 0.28

Range 0.05 |0.075| 0.1 [0.125/0.15 [0.175| 0.2

C |Dimensionless| 0 [0.17/033({0.83} 1 | 0.5 |0.66

Weight factor| 0 |0.010.02|0.05|0.06|0.03 | 0.04

Range 300 | 400 | 500 | 600 | 700 | 800 | 900

D |Dimensionless| 1 ]0.83|066| 05 | 0 }0.17]|033

Weight factor { 0.14 [ 0.11 | 0.09 [ 0.07|{ 0 |0.02}0.04
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IXA, A4} Zo|, FEdolE, Hir&k 471x|olt}. 1719
output nodeE ARSI A B FEE LF3ISich AT} Ho)
) gro] 091 A9 type 1(secondary burr)o] ajwsin, g
og Zho] 12l AL type 2(curl-type burr, wave-type
burr, knife-type burr)o] B Fetct 5o 28 E P2 kB
7ro] JAZEE uEo R ARYS sttt dgad
AoA AL dlojg FojX ABZEE Fob=t] AT
Holel & Aest YA dolHE ARHE-sHgith Table 14,
Table 16, Table 189] A3Ze u)@5l7] L2 Fig, 7]
ZAI8H5iT

3 Ax, AMA st A7) s R AFAFA1%
& AP Adpgho] A A 7P 7L, O o
< A3 Fargsl A7) hetnfE, uprjeto s R} A

Table 13 H|2L2}98} 8% ©]oElAl6061)

Input parameters Desired output

o mge| ore | Feedre | STCE | R

@ | m | ey | ype-)
30 0.5 0.15 300 0
30 1.0 0.1 500 0
70 0.5 0.1 700 0
70 1.0 0.05 900 0
110 0.5 0.15 900 1
110 1.0 0.2 700 0
150 0.5 0.2 500 1
150 1.0 0.15 300 1

Table 14 |5} 82] NN(Neural Network) A3zt

(Al6061)

Real

Input parameters Output type
i | o e | e | SO | TR
@ | @m | pm | ype2)
30 1.5 0.15 700 0.0183 0
30 2.0 0.2 900 0.0178 0
70 1.5 0.2 300 0.6562 1
70 2.0 0.15 500 0.1366 | O
110 1.5 0.05 500 0.2521 0
110 2.0 0.1 300 0.8991 1
150 1.5 0.1 900 0.9467 1
150 2.0 0.05 700 0.8872 1
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Table 15 A 219319 314 ) o]EHAl6061) Table 18 AFAA 2219319 NN A#gHAl6061)
Input parameters Desired output Input parameters Output Real
In-plane | Depth Spindle | Burr type type
. Feed rate -
exit angle | of cut speed (typel=0 In-plane Depth Spindle Burr type

o (mm/tooth) _ . Feed rate
°) (mm) (rpm) type2=1) exit angle | of cut (mmtooth) speed (typel=0

0 0 0 0.14 0 ) (mm) (rpm) type2=1)

0 0.09 0.02 0.09 0 0 0.18 0.06 0 0.0001 0
0.33 0 0.02 0.04 0 0 0.28 0.04 0.04 |0.0001| O
0.33 0.09 0 0 0 0.33 0.18 0.04 0.14 08489 1
0.66 0 0.04 0 1 0.33 0.28 0.06 0.09 (0.0272| O
0.66 0.09 0.06 0.04 0 0.66 0.18 0 0.09 |0.0833| 0

1 0 0.06 0.09 1 0.66 0.28 0.02 0.14 0.9921 1

1 0.09 0.04 0.14 1 1 0.18 0.02 0.04 09992 1

1 0.28 0 0 09591 1
Table 16 ZA&A TAY3ke] NN ZA#gH(Al6061)
B Experimental Results
Real EEER Widimension
Input parameters Qutput Tendencious dimensionless
type Real dimensionless
-] 7 F 104
Ir} plane Depth Feed rate Spindle Burr type 1
exit angle | of cut (mm/tooth) speed (typel=0 g

(%) (mm) (rpm) type2=1) $

0 0.18 0.04 0.04 ]0.0002| 0 é’ 054

0 0.28 0.06 0 |00001| o g

2
0.33 0.18 0.06 0.14 07656 1 s
0.33 0.28 0.04 0.09 [0.1038| 0 SN | J 111
0.66 0.18 0 009 |0.1081| © T

Data Number
0.66 0.28 0.02 0.14 09083 1
Fig. 7 W/dimension, Tendencious dimensionless, Real
1 0.18 0.02 0 09984 1 . .
dimensionless
1 0.28 0 0.04 0.9685 1
Table 17 A3 PSS Bt do]=HAl6061) A e setulE 2 Q3RS AP 2 g
Input parameters Desired output 9] &ojgirt.
In-plane Depth Spindle Burr type
exit angle | of cut (Fme:jtggzﬁ) speed (typel=0 5. 7E=| E

) (mm) (rpm) type2=1)

0 0.9 0 0.14 0 B =FoAE Al60613+ SUS3049] Tha) 1 olE Ha

. ° | 9% | 0% 0 ai5}7] st} AP o83 A1F TrekolE g A
033 | 009 | oo | 0 0 32 SR B ABASAATY Qe g
o5 9 0| oo 0 NABLZA 1 A3k gof chaf Haef wfeh 1 AES
0.66 0.09 0.06 0.04 1 o3 e},

0.66 0 0.04 0 0
! 009 0.04 0.09 ! (1) 84} Al6061 Ho} SUS3049] B o] 7} g2
! 0 0.06 0.14 ! o 7ew, Al60619IAE type 10], SUS304014 %=

51
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