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Development of Expert System for the Diagnostic of NTM Decision-Making

Moon-chul, Yoon*, Hyun-Deog, Cho**

] Abstract j|

- interdependency effect among various factors.

Nontraditional Machining(E<>7}-3")

Nowadays, several nontraditional machining(NTM) processes are widely used to machine a complex and accurate
shape part of hard materials, such as titanium, ceramics, high strength temperature resistant and refractory materials
which are difficult to machine and having high strength, hardness, toughness. Machining of these complex shapes
in such materials by traditional machining processes are very difficult. The NTM processes is important in the areas
of micro- and nano scale machining, where high accuracy and superior surface characteristics are required, which
can only be achieved using these NTM processes. So, for effective selection of different NTM processes, careful
decision making for a given NTM application is often necessary. An appropriate NTM process for a given material
and shape condition is very difficult for the novice engineers. In this paper, an expert system based on an analytic

network process(ANP) is suggested for a best selection of NTM process in a NTM application considering an prior

Key Words : Analytic Network Process(3-4UE QT 2 4)2), Expert system(Z-E7}FA) 28, Decision Making( 2JAFEA]),
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3.22 B 7t A

o $717) g e Telakln 42l alolel 27t 2 An) £ 27l ofef g2 AT A2 A2 ¢
EGAS FAe7|9ste] 429 7ol FojA{of 3w o Aol A6061LE 0| ES AFshd o] ARE 71T A
AT & MEHLE FAsE 248 AHHA 7t 574 7129 Al 4% A= eAE YL
1) 229713(USM-M1)  2) Ad|71-3(ECM-M2)
3) 3}8h7H(CHM-M3) 4) WPA7H(EDM-M4) Table 3 Performance of the NTM processes with respect
5) A 7FHEBM-M5)  6) d|o| AW 73(LBM-M6) to five criteria
7) E22U7EHPAM-MT)  8) fto]ofREH7H(W/C-MS) NTM Criteria
process MA SA PC PE EE
Table 1 Pair-wise comparison matrix for different M1(USM) 3 1 9 7 5
criteria M2ECM)| 3 5 9 1 3
Criteria { MA | SA | PC | PE | EE | Priority weight M3(CHM)| 7 1 5 5 1
MA 1 3 7177 0.4938 M4(EDM)| 3 1 9 5 5
SA 1731 1 5 5 0.2597 M5(EBM) 3 1 5 3 5
PC V711550 1 3 3 0.1027 M6(LBM) 3 1 5 5 9
PE V7115|153 1 3 0.0719 M7(PAM) 7 3 1 9 9
EE vrius| 13| 3 1 0.0719 M8(W/C) 3 1 9 5 9
w21 W22 W23 W24 Was
Table 2 Fundamental Scale MI(USM) | 0.0938 | 0.0714 | 0.1731 | 0.1750 | 0.1087
1 equal importance M2(ECM) | 0.0938 | 0.3571 | 0.1731 | 0.025 | 0.0652
3 moderate importance of one over another M3(CHM)| 0.2188 | 0.0714 | 0.0962 | 0.125 | 0.0217
5 strong and essential importance M4(EDM)| 0.0938 | 0.0714 | 0.1731 | 0.125 | 0.1087
7 very strong or demonstrated importance MS5(EBM) 0.0938 | 0.0714 | 0.0962 | 0.075 | 0.1087
9 extreme importance M6(LBM) | 0.0938 | 0.0714 | 0.0962 | 0.0125 | 0.1957
2,4,6,8 intermediate values M7(PAM) | 0.2188 | 0.2143 | 0.0192 | 0.225 | 0.1957
Use reciprocals for inverse comparisons M8(W/C) | 0.0938 | 0.0714 | 0.1731 | 0.125 | 0.1957
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Table 4 Relative impact condition of five interdependent
criteria for Aluminium

Criteria | MA SA PC PE EE
MA 1 3 7 7 7
SA 1/3 1 5 5
PC 1/7 1/5 1 3 3
PE 1/7 1/5 1/3 1 3
EE 177 1/5 173 1/3 1

Table S Four interdependent criteria degree of relative
impact without equipment effect

Criteria MA SA PC PE
MA 1 173 3 5
SA 3 1 5 7
PC 1/3 1/5 1 3
PE 1/5 177 1/3 1

Table 6 Four interdependent criteria degree of relative
impact for surface finish condition

Criteria MA SA PC EE
MA 1 1 173 5
SA 1 1 173 3
PC 3 3 1 7
EE 1/5 173 1/7 1
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0.5058 0.2633 0.2191 0.1578 0.1867]]0.4938]= [0.3654
0.2683 0.5579 0.1879 0.1867 O 25970 |0.3101
0.1079 0.1219 0.5324 0 0.1578 {]0.1027] [0.1509
0.0736 0.0569 0 06555 0 0.0719| (0.0983
0.0444 0  0.0606 0  0.6555 j10.0719 0.0753

3.4 4 B 27} =U

Fulf 713 HRVY H47120E nesto] 2t B4
7R AT 4 HEE 1~ 9 379 =2 3HY
7y 717 AFS 240] 7[R EE A Table 99 AR

Table 7 Three interdependent criteria degree of relative
impact for process economy condition

Criteria MA SA PE
MA 1 1 1/5
SA 1 1 173
PE 5 3 1

Table 8 Three interdependent criteria degree of relative
impact for equipment effect condition

Criteria MA PC EE
MA 1 1 1/3
PC 1 1 1/5
EE 3 5 1
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Table 9 Process weight matrix(/#;;) for material appli- Table 11 Process weight matrix(Wys) for surface finish
cation

Pro-
— cezs Ml | M2 | M3 | M4 | M5 | M6 | M7 | M8
MI | M2 | M3 | M4 | M5 | M6 | M7 | M8
cess Mi| 1 |13 s 1| st 5| 7 |13
M| 1 Luws|lur s |us | s 7| 15 M2 3 1 71317171911
M| s |1 3L LT B M3l s 17| 1 s 1 1|5 |
m; i 1;3 ':’ ? ? 1}3 i Mal 1 13| 5 | 1| 5] 5| 7 |13
5| s T 1 T Ms| 155 17| 1 | s 1 5 1177
6l s T T 1 I EETEE M6l 15 | 17| 1 |15 1 1 5 |17
VIR I 3 1 3 1 3 ) 3 Ml 179 lus | |ws| s 1|19
Me| 5 |1 w3l 1| 1] 1 ]13]1 M 3 |1 17137171911
M1 | 0.025 |0.0179]0.0375/0.0179|0.0179|0.0179|0.0375{0.0179 MI {0.1144/0.1040]0.1838]0.1144)0.1838 01838 0.14580.1040
M2 0.1250]0.08930.08750.0893 |0.089310.0893 | 0.0875{0.0893 M2 10.3431|0.3119]0.2574|0.3431|0.2574|0.2574|0.187510.3119
M3 [0.1750(0.2679|0.2625|0.2679|0.267910.2679|0.2625|0.2679 M3 [0.02290.0446|0.0368| 0.0229)0.0368 | 0.0368 | 0.10420.0446
M4 |0.1250/0.0893 |0.0875|0.0893 0.0893 | 0.0893 | 0.0875{0.0893 M4 [0.1144/0.1040|0.1838)0.1144)0.1838 | 0.1838 0.14580.1040
M5 [0.1250(0.0893|0.0875{0.0893 |0.0893 | 0.0893 | 0.0875|0.0893 M35 [0.0229]0.0446|0.0368|0.0229)0.0368 | 0.0368 | 0.1042|0.0446
M6 |0.1250/0.0893 | 0.0875|0.0893 |0.0893 | 0.0893 | 0.0875[0.0893 M#6 [0.0229]0.0446]0.0368| 0.0229)0.0368 | 0.0368 | 0.1042|0.0446
M7 |0.1750/0.2679|0.2625|0.2679[0.2679|0.2679|0.2625|0.2679 M7 0.0163|0.03470.0074|0.0163 | 0.0074|0.00740.0208  0.0347
MS |0.1250|0.0893 | 0.0875|0.0893 |0.0893 | 0.0893 | 0.0875[0.0893 M8 10.3431]0.3119]0.2574)0.3431/0.2574|0.2574|0.1875|0.3119
Table 10 Process weight matrix(W,2) for surface of revo- Table 12 Process weight matrix(W,,) for investment
lution Pro-
Ml | M2 | M3 | M4 | M5 | M6 | M7 | M8
Pt v | M3 | Ma [ Ms | M6 | M7 | M8 =
cess M Ml| 1 7 3 3 5 3 1/3 3
ML 1 |15 1 1 1 1 (1311 M2l 7| 1 s s |3l s 19| L5
M s |V 1SS S 305 wslwsl s 3]s
M3 1 |15 1 1 1 1|31 VARY
Mal 1 |15 1 1 1 1 |13 1 315 1 ! 3 L]l
M5 1 115 | 1 1 1 'R MS| 15| 3 |3 |3 1 1317|113
M6l 1 |15 1 1 1 1 | 13] 1 Mé6| 13 | 5 1 1 3 1 {15 1
M7| 3 1/3 3 3 3 3 1 3 M7| 3 9 5 5 7 5 1 5
702 I S VT S S 0 O me| 13| s [ 1 1] 3] 1 ||
0.0714]0.0789|0.071410.0714|0.0714|0.0714|0.0556|0.0714
Ml 007 5361007 M1 [0.1762]0.1750]0.2394 |0.2394 |0.1974|0.2394| 0.1396|0.23%4
M2 [0.3571]0.3947(0.3571{0.3571 |0.3571 |0.3571|0.5000|0.3571
03571]0.394 0357 M2 [0.025210.0250|0.01600.0160|0.0132[0.0160| 0.0465|0.0160
07140.0789(0.0714|0.0714|0.0714]0.0714|0.0556|0.0714
M3 007 007140 7 M3 [0.0587|0.1250|0.0798|0.0798 |0.1184|0.0798| 0.0838 | 0.0798
M4 [0.0714]0.0789]0.0714{0.0714|0.0714|0.0714|0.0556|0.0714
M4 |0.0587(0.1250|0.0798 | 0.0798 |0.1184]0.0798| 0.0838 | 0.0798
. . ) 0714(0.0714|0. . )
MS |0.0714/0.0789|0.071410.0714|0.0714|0.0714]0.055610.0714 M5 [0.0352|0.0750|0.0266|0.0266 00395 0.0266| 0.0598 | 0.0266
M6 [0.071410.0789]0.07140.0714|0.0714[0.0714|0.0556|0.0714 M6 |0.058710.1250100798 100798 01182 |0.0798 |0.0838 |0.0798
M7(0.2143]0.1316(0.214310.2143|0.21430.2143|0.1667 |0.2143 M7 10.528510.2250/0.3989|0.3989|0.2763 |0.3989|0.4189|0.3989
M8 [0.0714[0.0789(0.0714]0.0714|0.0714|0.0714|0.0556|0.0714 M8 [0.0587]0.1250(0.0798|0.0798 |0.1184{0.0798 | 0.0838 | 0.0798
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Table 13 Process weight matrix(W;s) for machining me-
dium contamination

Pro-
cess

Ml | M2 | M3 | M4 | M5 | M6 | M7 | M8

1 1 s | US| 15

1/5 Us | 1S 19| 19| 1/9

s | 151919 | 19

Ml
M2
M3 | 1/5
M4 Vs | s | s

M5 15| 15 | 15

M6

O |0 | |- =i
O ||| — |~

M7 1 1 1

Ll [ — | —
h | O [ | e | e

1
1
5 1 1 1
5
5

M8 9 9 1 1 1

0.054310.11360.1136{0.0543|0.0543|0.0523|0.0523 | 0.0523

0.010910.0227{0.0227(0.0109{0.0109{0.0291 {0.0251 {0.0291

Ml
M2
M3 [0.0109{0.0227|0.0227|0.0109|0.0109{0.0291 |0.0291 | 0.0291

M4 |0.054310.1136{0.1136|0.05430.0543{0.0523 | 0.0523 |0.0523

MS5 10.054310.1136|0.11360.05430.0543 | 0.0523 | 0.0523 |0.0523

M6 10.271710.2045|0.2045(0.2717|0.2717|0.2616|0.2616 |0.2616

M7 10.2717|0.2045|0.2045(0.2717|0.2717|0.2616 | 0.2616 | 0.2616

MBS 10.2717]0.2045|0.2045|0.2717|0.2717|0.2616 | 0.2616 | 0.2616

9} Zro] UM 4= 9l 237} 19 Aok A= 7o
£ oujgitt & °PEH ko] do| g $lo) AL o
HE A3t EYAZ W, WEIHAZ XHAD

[

}%_}7}1]§ 44 &7} 2ACR gAY HALU|E, V)
TeH7IE, 7HHY AAA 71E, dujair)e 55 19
dtod 2zt 7I~L‘ﬂ—4 A8 FE ARE TS 453E VHEA

HE AL 747} Tables 10~133}F 7o) 2712
o} weba] o] Foffl 239 A9 4 WA Frh2io] 1

0111 2 01

2.

webd 26 L 4BAE el A AR QL 2o
1 SHAES Uege 7 ZeAAe) fjEY AL el
Zol 3 4 ok,

Wp1=W41 Xwy=1[0.02711, sz—W42><W22— 0.0707

0.0919 0.4012
0.2568 0.0707
0.0919 0.0707
0.0919 0.0707
0.0919 0.0707
0.2568 0.1745
0.0919 0.0707
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Wp3=Wy3Xwp3=[0.1314],  Wps=Wyy Xw4=[0.2011

0.3046 0.0245
0.0359 0.0810
0.1314 0.0810
0.0359 0.0378
0.0359 0.0810
0.0202 0.4126
10.3046 0.0810

Wps=W s Xw,5=10.0583
0.0226
0.0226
0.0583
0.0583
0.2600
0.2600
0.2600

weld 1 ~4 @A 55 Tesch 19 3 22
& U w A=A 2 5 4l 248 92
L REME 2 B SAYES tehd Bk &
AALTE Ul S HERL War = w, X we
2 ez

Wivp = Wp X W, =

0.0271 0.0707 0.1314 0.2011 0.0583][0.3654]= [0.0758
0.0919 0.4012 0.3046 0.0245 0.0226]0.3101 0.2081
0.2568 0.0707 0.0359 0.0810 0.0226]]0.1509 0.1309
0.0919 0.0707 0.1314 0.0810 0.0583]|0.0983 0.0877
0.0919 0.0707 0.0359 0.0378 0.0583|10.0753 0.0690
0.0919 0.0707 0.0359 0.0810 0.2600 0.0884
0.2568 0.1745 0.0202 0.4126 0.2600 0.2111
0.0919 0.0707 0.3046 0.0810 0.2600 0.1290
£ Qg 4 Atk o $4 £9e) EAAS w1y
2 Uehydl Fig. 29} 2ol A9 $4&9 ke aig
o} Melrleat Sezol eyl At AL Uehjn
Sk 2 s agme) 7t 5L 7 7 7S Tl
Sulyy 7184 Fol2 7 B47hRolA ThE 7)) uE
JepaAe) THRES A UET nt
Fig. 2014 Qsi7kge] 49 Fojdl xo] 249 79 7}
FAANO] 74 20 71201 Bejrl 7hEel A9
AR Ago] 7M FASTHL & 4 Yk webA ol
Ao Ug 7HE ezt AelEa Selant /gl 4

ST 571 7129 FRmel et Asirhgat Zejact
7Ago) Ae $A 97 24 Bk AUE AR} A 29
o B YEYT BRAAS ToR A48 S5y
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Effects of different criteria

Il Effect on equipment
Process economy
[ Process capability
] Shape application
W Material application

Relative priority value

USM ECM CHM EDM EBM LBM PAM WI/C

Fig. 2 Total effect for decision making
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