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ABSTRACT

Nowadays, several welding processes are generally used to join parts together, and the materials are generally
steel, aluminum, copper, stainless steel, and other difficult-to-weld materials. If a proper welding process is
chosen, it is helpful for welding parts. However, there is no desirable technique for appropriately deciding on
the welding process in the industry. Therefore, an appropriate method of selecting a welding process is needed
for the novice worker in the industry. In this sense, a new analytic network process (ANP) technique is used for
effective decision making in welding. By considering several criteria in ANP, a selection method is suggested to
decide on the proper welding process. In the study, several criteria were considered for the proper welding of
parts. By considering a matrix of prior interdependence effects among various welding processes, a
decision-making method based on an ANP is accomplished using a weighting matrix, which is supposed to
select an appropriate welding process. In addition, for appropriate decision criteria of the welding process, several
factors, such as material, shape, precision, economics, and equipment, are used to accomplish the ANP algorithm.
Moreover, the final weighting matrix is calculated following its ANP strategy. Furthermore, this decision-making
technique is applied to both stainless razor spot joining and thick steel pipe joining. The results show its
reliability and practicality, and the novice engineer and manager can use this technique to determine the best
welding process.

Key Words : Analytical Hierarchy Process(24] H|E ZZAM|A), Analytic Network Process(EAHERIT Z=2
M|2), Decision Making(2|AZA), Welding Process(B88 7+3)
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Table 4 Pair-wise comparison matrix for different criteria

Criteria MA |GBS|GPC| PE |EOE| Priority weight
MA 1 [ 12(12] 5 3 0.2130
GBS 2 1 1 6 4 0.3442
GPC 2 1 1 3 3 0.2915
PE 1/511/6 113 1 [1/2 0.0602
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Table 5 Performance of the welding processes with

respect to five criteria

Table 6 Relative influence condition of five
interdependent criteria for stainless steel

Criteria MA GBS GPC PE EOE

MA 1 1 2 1/2 1/2
GBS 1 1 2 1/2 12
GPC 1/2 1/2 1 1/4 1/4
PE 2 2 4 1 1
EOE 2 2 4 1 1

Table 7 Four interdependent criteria degree of relative

influence without equipment effect

Criteria MA GBS GPC PE
MA 1 1 2 1/2
GBS 1 1 2 1/2
GPC 1/2 1/2 1 1/4

PE 2 2 4 1

Table 8 Four interdependent criteria degree of relative
influence without PE condition

Criteria MA GBS GPC EOE
MA 1 1 2 1/2
GBS 1 1 2 1/2
GPC 1/2 1/2 1 1/4
EOE 2 2 4 1

Welding Criteria

process MA GBS GPC PE EOE
OFW 3 3 3 7 9

SMAW 3 3 3 7 9
SAW 3 3 3 7 3
MIG 3 3 3 5 3
ESW 5 7 3 7 5
STW 5 3 1 7 7
PAW 5 7 7 5 5
LBW 9 9 9 1 1

w21 w22 w23 w24 w25

OFW 0.0833 0.0789 0.0938 0.1522 0.2143

SMAW | 0.0833 0.0789 0.0938 0.1522 0.2143
SAW 0.0833 0.0789 0.0938 0.1522 0.0714
MIG 0.0833 0.0789 0.0938 0.1087 0.0714
ESW 0.1389 0.1842 0.0938 0.1522 0.1190
STW 0.1389 0.0789 0.0313 0.1522 0.1667
PAW 0.1389 0.1842 0.2188 0.1087 0.1190
LBW 0.2500 0.2368 0.2813 0.0217 0.0238
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Table 9 Three interdependent criteria degree of
relative influence without PE and EOE condition

Criteria MA GBS GPC
MA 1 1 2
GBS 1 1 2
GPC 172 172 1

Table 10 Three interdependent criteria degree of
relative influence for severe effect of EOE condition

Criteria MA GPC EOE
MA 1 2 1/7
GPC 12 1 1/5
EOE 7 5 1
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0-1588 0.2222 0.2222 0.4000 0.1580 ||0-2130(= |0.2125
0.1588 0.2222 0.2222 0.4000 0 0.3442 0.1981
0.0769 0.1111 0.1111 0.2000 0.1109 |[0.2915 0.1092

0.3077 0.4444 0 0 0 0.0602 0.2185
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Table 11 Process weight matrix(A41) for material

application

Process | OFW |SMAW| SAW | MIG | ESW | STW | PAW | LBW
OFW 1 1 1 1 1 1 1/2 1/3
SMAW 1 1 1 1 1 1 1/2 1/3
SAW 1 1 1 1 1 1 1/2 1/3
MIG 1 1 1 1 1 1 1/2 1/3
ESW 1 1 1 1 1 1 1/2 1/3
STW 1 1 1 1 1 1 1/2 1/3
PAW 2 2 2 2 2 2 1 2/3
LBW 3 3 3 3 3 3 32 1
OFW_]0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909
SMAW 0.0909 | 0.0909 |0.0909 | 0.0909]0.0909 | 0.0909 | 0.0909 | 0.0909
SAW [ 0.0909 | 0.0909 [0.0909 [0.0909 | 0.0909 [ 0.0909 | 0.0909 | 0.0909
MIG | 0.0909 | 0.0909 |0.0909 | 0.0909 | 0.0909 [ 0.0909 | 0.0909 | 0.0909
ESW | 0.0909 | 0.0909 |0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909
STW  0.0909 | 0.0909 |0.0909 |0.0909 | 0.0909 | 0.0909 | 0.0909 | 0.0909
PAW [0.1818] 0.1818 [0.1818]0.1818 [ 0.1818 [ 0.1818 [ 0.1818 | 0.1818
LBW [02727] 02727 [02727]0.2727]0.2727] 0.2727] 0.2727 [ 0.2727

Table 12 Process weight matrix(A42) for GBS

Process| OFW [SMAW] SAW | MIG | ESW | STW | PAW | LBW

OFW 1 1 1 1 1/5 1/3 1/7 1/9
SMAW 1 1 1 1 1/5 1/3 1/7 1/9
SAW 1 1 1 1 1/5 1/3 1/7 1/9

MIG 1 1 1 1 1/5 1/3 1/7 1/9
ESW 5 5 5 5 1 5/3 57 5/9

STW 3 3 3 3 3/5 1 37 | 13
PAW 7 7 7 7 7/5 7/3 1 7/9
LBW 9 9 9 9 9/5 3 9/7 1
OFW | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357
SMAW [ 0.0357 [ 0.0357 | 0.0357 | 0.0357 0.0357]0.0357]0.0357 | 0.0357
SAW | 0.0357 | 0.0357 | 0.0357 | 0.0357 |0.0357 | 0.0357 | 0.0357 | 0.0357

MIG | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357 | 0.0357
ESW | 0.1786 | 0.1786 | 0.1786 | 0.1786 | 0.1786 | 0.1786 | 0.1786 | 0.1786

STW | 0.1071 | 0.1071 | 0.1071 | 0.1071 [0.1071]0.1071 ] 0.1071 [ 0.1071
PAW | 02500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500 | 0.2500
LBW | 03214 | 0.3214 | 0.3214 | 0.3214 | 0.3214 | 0.3214 | 0.3214 | 0.3214
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L33 E AEY FE T4 AEE ® 2
aTsd F7b JlEA YDE Hgse 27
Table 12 ~ Table 159} Zo] F71&2 FojF £ 3l
o, wEtA F7EE Yste 24 Fisd Ho

Sl O ]
AAHolm Foe ARG 4L & YA Dt o}
244 Table 11 ~ Table 15 2] 5 7}A|] F7} =4
< T A Sl MR JFE Fo) 2§
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Table 13 Process weight matrix(A43) for GPC Table 15 Process weight matrix(A45) for EOE
Process| OFW |[SMAW| SAW | MIG | ESW | STW | PAW | LBW Process| OFW |SMAW| SAW | MIG | ESW | STW | PAW |LBW
OFW | 1 1 1 1 /5 1 1/5 1/9 OFW 1 1 2 1 1 1 1 2
SMAW| 1 1 1 1 /5 1 /s 1/9 SMAW| | 1 2 1 1 1 1 2
SAW | 1 1 1 1 /5 1 /s 1/9 SAW | 12 12 1 12 12 12 12 1
MIG 1 1 1 1 /5 1 1/5 1/9 MIG 1 1 2 1 1 1 1 2
ESW | 5 5 5 5 1 5 1 5/9 ESW 1 1 2 1 1 1 1 2
STW 1 1 1 1 /5 1 1/5 1/9 STW 1 1 2 1 1 1 1 2
PAW | 5 5 5 5 1 5 1 5/9 PAW 1 1 2 1 1 1 1 2
LBW | 9 9 9 9 95 9 9/5 1 LBW | 12 12 1 12 12 12 12 1
OFW | 0.0417 | 0.0417 |0.0417 | 0.0417 | 0.0417 | 0.0417 | 0.0417 | 0.0417 OFW | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 [0.1429
SMAW/| 0.0417 | 0.0417 |0.0417 | 0.0417 | 0.0417 |0.0417 | 0.0417 | 0.0417 SMAW| 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 0.1429
SAW | 0.0417 | 0.0417 |0.0417 | 0.0417 | 0.0417 |0.0417 | 0.0417 | 0.0417 SAW | 0.0714 | 0.0714 | 0.0714 | 0.0714 | 0.0714 | 0.0714 | 0.0714 [0.0714
MIG | 0.0417 | 0.0417 | 0.0417 | 0.0417 | 0.0417 |0.0417 | 0.0417 | 0.0417 MIG | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 (0.1429
ESW | 0.2083 | 0.2083 |0.2083 | 0.2083 | 0.2083 | 0.2083 | 0.2083 | 0.2083 ESW | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 {0.1429
STW | 0.0417 | 0.0417 |0.0417|0.0417 | 0.0417 | 0.0417 | 0.0417 | 0.0417 STW | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 (0.1429
PAW | 0.2083 | 0.2083 |0.2083 | 0.2083 | 0.2083 | 0.2083 | 0.2083 | 0.2083 PAW | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 | 0.1429 (0.1429
LBW | 03750 | 0.3750 |0.3750 |0.3750 | 0.3750 | 0.3750 | 0.3750 | 0.3750 LBW | 0.0714 | 0.0714 | 0.0714 | 0.0714 | 0.0714 | 0.0714 | 0.0714 [0.0714
Table 14 Process weight matrix(A44) for PE 7t=3Eo] 2+ £ SAATE JelA =
=Z AAaFd=s = olAlARA HZE Az
Process| OFW |SMAW| SAW | MIG | ESW | STW | PAW | LBW o S AAEAE YeE qAEd A A
S ] = = [e)
oFW |1 | | > | > B > | 3 FEE F3H Awe = Wy X WE YERRI T
SMAW| 1 1 1 2 2 2 2 3 9 MEHIAE IS 4 At
SAW | 1 1 1 2 2 2 2 3
MIG | 12 12 12 1 1 1 1 32
Wp1=Aq1 X Wer= [0.0909],  Wp=Ase X W2z=[0.0357
ESW | 12 12 12 1 1 1 1 32 0.0909 0.0357
STW | 12 12 12 1 1 1 1 32 0.0909 0.0357
0.0909 0.0357
PAW | 12 12 12 1 1 1 1 32 0.0909 0.1786
LBW | 13 1/3 1/3 2/3 2/3 2/3 2/3 1 0.0909 0.1071
0.1818 0-2500
OFW | 0.1875 | 0.1875 | 0.1875 | 0.1875 | 0.1875 | 0.1875 | 0.1875|0.1875
10.2727 0.3214]
SMAW| 0.1875 | 0.1875 | 0.1875 |0.1875|0.1875 | 0.1875 |0.1875 | 0.1875 4 y
Wps= 43 X Wa3=0.04171, Wps= 144 X Wag~|0.1875
SAW | 0.1875 | 0.1875 | 0.1875 | 0.1875 | 0.1875 | 0.1875 |0.1875|0.1875 0.0417 0.1875
MIG | 0.0938 | 0.0938 | 0.0938 | 0.0938 | 0.0938 | 0.0938 |0.0938 | 0.0938 0.0417 0.1875
0.0417 0.0938
ESW | 0.0938 | 0.0938 | 0.0938 | 0.0938 | 0.0938 | 0.0938 |0.0938 | 0.0938
0.2083 0.0938
STW | 0.0938 | 0.0938 | 0.0938 | 0.0938 | 0.0938 | 0.0938 |0.0938 | 0.0938 0.0417 0.0938
PAW | 0.0938 | 0.0938 | 0.0938 |0.0938 | 0.0938 | 0.0938 |0.0938 |0.0938 0.2083 0.0938
10-3750 0.0625 |
LBW | 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625 | 0.0625
Wps=Aas X Wes=[0.1429
0.1429
= 0.0714
MAEE YehiEe 2 ZeA s JPe e i
2ol 7% 4 itk 0.1429
- 0.1429
g 1~ 4 349 & AL 1EH3gE 1 0.1429
2 39A 9 F7b 2Ae BHIe we FPHY 2 0074
R 4BAY F7h 24 WEAINE w, B
Fo2 Yepd £ Qth Ar]dA GA He HA
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8], 24 I=7AVFEEE A, A15d, A5E

AANp=WpX W=

0.0909 0.0357 0.0417 0.1875 0.1429 |[0.2125|= [0.1093
0-0909 0.0357 0.0417 0-1875 0.1429 |[0-1981 0-1093
0.0909 0.0357 0.0417 0.1875 0.0226 |[0.1092 0.0906
0.0909 0.0357 0.0417 0.0938 0.1429 |[0.2185 0.0888
0.0909 0.1786 0.2083 0.0938 0.1429 |[0.2617 0.1353

0.0909 0.1071 0.0417 0.0938 0.1429 0.1030
0-1818 0.2500 0.2083 0.0938 0.1429 0-1688
0.2727 0.3214 0.3750 0.0625 0.0714 0.1949

o] A4 9o YEE oY zE vehid
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Effects of different criteria
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Effects of different criteria
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Fig. 2 Total effect of decision making for razor welding Fig. 3 Total effect of decision making for pipe welding
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