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Abstract

One of the main challenges of the automatic arc welding process which has been widely used in various
constructions such as steel structures, bridges, autos, motorcycles, construction machinery, ships, offshore
structures, pressure vessels, and pipelines is to create specific welding knowledge and techniques with high
quality and productivity of the production-based industry. Commercially available automated arc welding systems
use simple control techniques that focus on linear system models with a small subset of the larger set of welding
parameters, thereby limiting the number of applications that can be automated. However, the correlations of
welding parameters and bead geometry as welding quality have mostly been linked by a trial and error
method to adjust the welding parameters. In addition, the systematic correlation between these parameters have
not been identified yet.

To solve such problems, a new or modified models to determine the welding parameters for tandem GMA
(Gas Metal Arc) welding process is required. In this study, A new predictive model called STACO model,
has been proposed. Based on the experimental results, STACO model was developed with the help of a
standard statistical package program, MINITAB software and MATLAB software. Cross-comparative analysis
has been applied to verify the reliability of the developed model.

Key Words : STACO model, Tandem GMA welding, Neural networks
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Fig. 1 Experimental setup for tandem GMA welding

process
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Table 1 Welding parameters and their levels

Level
Parameter @ 1 0 ! «
Welding current(A) | 250 | 270 | 300 | 330 | 350
Arc voltage(V) 27 28 30 32 33
Welding 25 | 27 | 30 | 33 | 35
speed (cm/min)
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Table 2 Experimental Results data of the GMA
welding

Top-bead height (mm)
No. Bead geometry
1st 2nd 3rd | Avg.

1 ] 1.85| 1.79 | 1.92 | 1.85

2 | 189 | 2.01 | 1.97 | 1.96

3 | 164 | 168 | 1.71 | 1.68

4 | 224 | 253 | 249 | 242

5 | 1.87 | 1.92 | 1.88 | 1.89

6 | 1.34 | 147 | 1.41 | 1.41

7 1184 | 1.71 | 1.88 | 1.81

8 | 1.86 | 1.85 | 1.79 | 1.83

9 | 1.62 | 1.55 | 1.72 | 1.63

10 | 1.95 | 1.99 | 1.84 | 1.93

11 | 221 | 1.95 | 1.89 | 2.02

12 | 161 | 1.60 | 1.63 | 1.61

13 | 2.02 | 1.99 | 1.95 | 1.99

14 | 1.88 | 1.87 | 1.92 | 1.89

15 | 2.12 | 2.05 | 2.01 | 2.06

16 | 201 | 1.82 | 1.71 | 1.85

17 1 1.88 | 1.81 | 2.15 | 1.95

18 | 2.22 | 1.80 | 2.08 | 2.03

19 | 1.84 | 1.86 | 2.22 | 1.97

20 | 1.72 | 1.58 | 1.78 | 1.69

546

H2 9T 67Ix9 AAZEYTE AP LS Table 39
Uepfiglen, JESA /Niz Efolde MATLAB
= o] 833t gFoll AR H|olEl= 20719 &=
tﬂi 7} 3314 wHgsle] P53 F 603]9] Bl GMAE-

A AHAnE ol&slgion dheE AAZ =S A
fﬂo} 1 St 602]e] A@A¥ Fatals ol g3kt
olgd 2= _g_xsz_%_ o]_ﬂz.]ol %;Sél:llz‘ = 37H'§

4 "tansig+purelin 2 A@¥F “logsigtlogsig HE
o MSE#-2 7”\0}“1, A AT %AL% 7o 24
Hr} A e FHRE Zo|E oSS sk &
&8 “trainlm 7 trainbr d Boh @ 1
‘?it']‘: =0l E dS3itt. 67149 A=Y S 5
A7 mrke] 727 Algle] MSESH k<5< MSE]
4—2}7} Ao, AAIS Rel 19 7= 0.90965
2 7P Age FHnE EolE J St Fig. 2&
el GMA £49 =39 FHv|e Z3} AA3 2=
LMBP¥el55 o] &3t d52 T3 FHn= &

o] ASuUH dSa= Hlaste] Yeplth
245 Atolz AYE A% AAlA 7MY Fest
Al medfop & gaolth 6719 ARG A4 T
At gve 5 d33 5AA AlAFs Y
T2E °o]&3td 75747\J e IR e = ﬁ?l'?ﬂ?i?—
= 3~100.8 ARl <
ste =5 i?&%{ﬂr Fig. 3& 2439 wdgd
e FWHE Fo ASHI o Sgke] Hlw - FAgH
o, 5o Fae A9 24
A7t 8L S ARAIS Rel 14 7P 7k
Z9 Y A5 Hoh AEet FHH|

E =0|E 23S I

A9l MSES} &

N

|

Eil=g
MSE ,] .4/\ ox} u:zs], OH
9 w7t Y gl Alde] MSE 0.0068%%
ghrol MSE 0.00192 24939 2
Hr} Agel WM Eo|E d539 oM, Fig. 4&
SA) AAS ZRE o]8ate] A& AlFH ol ik
MSE 245 YehfiQlt.

AR 2 725 AAste] gget A3 Fig. 59
2L FWHIE Eol9 STACOREE & 7

o
2l
9
%!

E
T2=0
=]
]

1571 30 A%

Journal of Welding and Joining, Vol. 32, No. 6, 2014



=0
=2

e STACORH 7ol 3 A

?_

11

Table 3 Characteristics of the six selected neural-network configurations

Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6
Input Variables 3 3 3 3 3 3
Output
Variables 1 ! 1 1 1 !
Neurons on
Hidden Layer 3 3 3 3 3 3
Tralm.ng trainbr trainbr trainlm trainlm trainbr trainlm
Function
Transfer logsig+ tansig+ logsig+ tansig+ tansig+ tansig+
Function logsig purelin logsig purelin purelin purelin
Max._epoch 1000 1000 1000 1000 1000 1000
Error goal le-10 le-10 le-10 le-10 le-10 le-10
Mu Parameter 0.005 0.005 0.005 0.005 0.01 0.001

Regression = 0.63522
Predicted = 0.26*Measure + 1.5

< Date

Predicted top—bead height (mm)
Predicted top—bead height (mm)

1.4 1.6 1.8 2 2.2 2.4
Measured top—bead height (mm)

(a) Configuration 1

Regression = 0.84943
Predicted = 0.71*Measure + 0.55
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2.4 Fit o

Predicted top—bead height (mm)

ao
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(d) Configuration 4
Fig. 2 R*value for

Predicted top—bead height (mm)

Regression = 0.88942
Predicted = 0.79*Measure + 0.4
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(e) Configuration 5
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Regression = 0.57948
Predicted = 0.28+«Measure + 1.4
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(¢) Configuration 3

Regression = 0.88567
Predicted = 0.82*Measure + 0.34
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(f) Configuration 6

the six selected neural-network configurations
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Predicted top—bead height (mm)

Predicted top—bead height (mm)

Regression = 0.90965
Predicted = 0.8«Measure + 0.38

2 Date

1.4 1.6 1.8 2 2.2 2.4

Measured top—bead height (mm)

(a) Neurons on hidden layer 3

Regression = 0.98982
Predicted = 0.79*Measure + 0.4

< Date

1.4 1.6 1.8 2 2.2 2.4

Measured top—bead height (mm)

(b) Neurons on hidden layer 8

Fig. 8 R%*value for the selected artificial neural-
network configuration 5 with a number of
between 3 and 10 neurons in the hidden layer
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