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A Study on the Comparison of Material Similarity Using
Sugeno Fuzzy Integral in Laser Cutting Process

E.S. Choi*, G.C. Han*™ and S.J. Na**
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Abstract

Laser processing workmen should select the working condition for laser cutting of new materi-
als by the preparatory experiments for that material or from the past experiences in cutting of
other similar materials. This paper proposes a criterion to determine how much a material is si-
milar to other materials by using the Sugeno fuzzy integral. With the proposed criterion the la-
ser processing workman can objectify the considered material for his decision. The expert system
programmer can give the system a high flexibility by experimenting with some materials in a la-
rge range of similarity and can support the laser processing workman by offering the similarity

between materials.
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Table 1 Alloy element specification for one material

group
Alloy element ay, d, a, "7, an
Importance 2, & g " &
Lower limit Ly Ly Ls o, I
Upper limit Uy, Uy, Us, o, Un
Material A Ay, A As, o, An
Material B By, B, B, -, Ba

Y

I. Bi Al U
Alloy element ai quantity(%)

Fig.1 Trapezoidal fuzzy number
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Table 2 Average reduction of thickness of steel specimens after 15.5-year exposure in different atomosheres(Ref.”)

Thickness reduction

Kure Beach. Nc.

Kerney. Nj 250mm(800ft)

Composition wt industrial moderate marine
Sperjtjme“ Cu Ni Cr Ni P um mils um mils
1 0.002 731 288 1321 52.0
2 0.04 223 88 363 14.3
3 0.24 155 6.1 284 112
4 0.008 1 155 6.1 244 9.6
5 02 1 s ot 112 44 203 80
6 0.01 1 0.61 1059 417 401 15.8
7 0.22 0.63 117 417 401 158
8 0.01 0.22 373 147 546 215
9 0.22 1 0.20 152 6.0 251 99
10 0.02 s s e 0.06 198 7.8 358 14.1
11 0.21 0.06 124 49 231 91
12 1 12 05 0.12 66 2.6 99 39
13 0.21 12 0.62 0.11 84 33 145 5.7
14 0.2 1 0.16 0.11 84 33 145 5.7
15 0.18 1 13 0.09 48 19 97 38
16 0.02 1 13 046 48 19 94 37
17 021 1 12 048 0.06 48 19 84 33
18 0.21 1 12 0.18 0.10 48 19 97 38
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Table 3 Lower limit, upper limit and importance of alloy elements in carbon steel

Alloy element C Mn P S Si Cr Ni Cu
Lower limit(%) 0 0 0 0 0 0 0 0
Upper limit(%) 03 1.75 0.12 0.06 06 15 15 06
Importance 1 1 0.5 0.5 0.5 2 1 1
Normalized importance 0.133 0.133 0.066 0.066 0.066 0.27 0.133 0.133

Table 4 Materials used for proof of similarity simulation

C Mn P S Si Cr Ni Cu

SHP1 0.12 0.5 0.04 0.04 0.2 0.1 0.15 04

SCP1 0.12 0.5 0.04 0.04 0.2 0.1 0.15 04

SM10C 0.1 045 0.04 0.05 0.08 0.04 0.07 0.1

SM45C 0.44 0.69 0.037 0.038 0.2 0.03 0.04 0.1

A242 0.15 1.0 0.04 0.05 0 0 0 0.2

A588 0.15 11 0.04 0.05 0.2 05 0.2 0.3

AB07 0.22 135 0.04 0.05 0 0 0 0.2
SE5L ui= 8 UANDo] noAe] EXx=% Q4 9}, o] AFR2REH e IJFoR EFE
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Table 5 Similarity to 3 prominent materials

SHP1 SM45C ASTM-A242
SM10C 0.73 0.68 0.7
SM45C 0.67 1 0.7
ASTM-A242 0.75 0.73 1
ASTM-A588 0.75 0.64 0.7
ASTM-A607 0.4 0.6 0.87
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o532 2} Fig2dl EAIE 79L& SM45Ce &
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e Adzde 949y F Aol sy 1
dgo] Ao UXFTE ¥ & Ut} )AL {FAHF
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[}
700 |

Laser power 600 _|
W1 500 |
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300 |

> L) SHP1
100 _| & sMi10C

Y

Cutting speed, [mm/min]

Fig.2 Working range of materials suggested to be similar
by similarity simulation

1 2 3 4

REBEEBEE H12& B35, 19945 9H

Table 6 Cutting conditions used for experiment(Fig.2)

Flcal length of lens 25
Assist gas 0.
Nozzle-workpiece gap 1lmm
Gas pressure 1.5kg/cm®
Nozzle diameter 1lmm
Workpiece thickness 1.6mm

Ag o 1 AACdAN 29 54 AHL A
gt 1 WO 2 SM45CE Al 4YL &
3t At Fig3e 7 Aol dojd Agryo] A}
A& BHFu vk 71E Ao HE§ ddy
el v DRAAME SMA5CAME =227}
gle £ Hds 48 & AUy a8y Hd A
gze ZAANA 3% AdolME: SHP12 %
AT @821 Ae g EHoe] SM10C
BAATE B6,0FANMY A 248 O
S HAAE 488 ¢ = 9k SHPL, SM10C7}
R fAE ArdAds A Ad 2HGA o
el Me AL 270 whel de g Ao
Aol A Fdo| Aot ¥ HoFY a2y
@9 A FHANE o9z 43 53 dd
F38o] dojH e ol A SM45C B g2
SHP1dll Bt} fALStE A @9 e go7ix] o=
Ax 45 ks Ag A dFEg B 2y
A= SM45Ce th g SHP1# SM10C Z42he] A&

Fig.3 Examples of dross using dross free condition of materials suggested to be similar by
similarity simulation( X 20)
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