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A Study on Bead Geometry Prediction the GMA Fillet Welding using Genetic Algorithm
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The GMA welding process involves large number of interdependent variables which may affect product
quality, productivity and cost effectiveness. The relationships between process parameters for a fillet joint
and bead geometry are complex because a number of process parameters are involved. To make the
automated GMA welding, a method that predicts bead geometry and accomplishes the desired mechanical
properties of the weldment should be developed. The developed method should also cover a wide range of
material thicknesses and be applicable for all welding position. For the automatic welding system, the data

must be available in the form of mathematical equations.

In this study a new intelligent model with genetic algorithm has been proposed to investigate interrelationships
between welding parameters and bead geometry for the automated GMA welding process. Through the
developed model, the correlation between process parameters and bead geometry obtained from the actual
experimental results, predicts that data did not show much of a difference, which means that it is quite
suitable for the developed genetic algorithm. Progress to be able to control the process parameters in order
to obtain the desired bead shape, as well as the systematic study of the genetic algorithm was developed
on the basis of the data obtained through the experiments in this study can be applied. In addition, the
developed genetic algorithm has the ability to predict the bead shape of the experimental results with

satisfactory accuracy.

Key Words : GMA(Gas Metal Arc) welding, Multiple regression Analysis, Fillet welding, GA(Genetic algorithm)
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Fig. 2 A schematic diagram of fillet welding
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Table 1 Experimental plan
. Welding
Welding Arc Initial population
Test No. current(A) Voltage(V) speec.i | ) I
(¢cm/min)
1 960 % 40 | Reinsertion }—*l Fitness evaluation |
2 260 2 5
3 260 30 50
4 280 26 45
5 280 23 50 ction
Yes
6 280 30 40
7 300 26 50 . .. . .
Fig. 4 A schematic diagram of genetic algorithm
8 300 28 40
9 300 30 45

(Bw :

Bead width, By :

Bead height

A, : Penetration area, A, : Reinforcement area)

Fig. 3 Schematic representation of bead geometry

Table 2 The results of experiment

Test v]jfda}ci hi?ggt P?netratigzn Rei.nforcemgnt
No. (mm) (mm) 2763 (mm®)| area (mm”)

1 3.27 0.43 10.20 4.50

2 3.56 0.41 9.60 4.80

3 3.96 0.43 9.70 4.10

4 3.02 0.31 10.10 5.70

5 3.78 0.43 9.50 5.90

6 4.51 0.70 10.30 4.90

7 3.48 0.54 10.50 5.70

8 3.63 0.64 12.00 6.50

9 4.25 0.65 11.10 5.50
=& ASoA

43 A¥= GMA 8313749 dnise} 2ds
Aol #AE 712R sl £HeINaL Fig. 391 Ul
A wpe} o] Hl=F H|Egge], HlEEG WA, H=T

Chromosomes = | Co | C1 | C2 | C3 |k0 |k1 |k2 | k3 |

Fig. 5 Structure of chromosomes
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By = 101"V ko + ky I+ ky V+ k3§ (1)
By =10"1"V*S“+ ky+ k I+ ky V+ k3.9 ¥)
A, =10"1"VOS“+ ko + ky I+ ky V+ k3§ €)
A, =10°T" VS + ky+ k I+ ky V+ k3 S )
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Byy= 10708004 70147 [/ ~00155, 6 ~03415 (5)
—0.7055+0.0027/+0.1318 V4 0.0093.5

By = 10765125 700063 1= 00042 g—0.0177 ©)
+0.6067 +7.69 X 10~ */—0.0034 V—0.0023.5

A = 1007169 713743 /01302 g — 25419
+9.0939 +0.0063/—0.0465 VV—0.0229.5

A 10225367 ~0.1301 705244 ¢ — 13527 @®)
+5.5714+4.77 X 10~ */—0.0267 V— 0.008.5

Table 3 GA parameters and values

Parameter Value
Population size 40
Generation gap 0.8
Crossover rate 1
Mutation rate 1/12
Insertion rate 0.9

Table 4 Analysis of variance test for mathematical

models
Standard Coefﬁmgnt of Coefficient. of
Parameter error of multiple ..
. . determination
estimate correlation
Bead width 0.60 0.985 97.1%
Bead height 0.22 0.963 92.8%
Penetration | o 0.957 91.6%
area
Reinforcement 132 0.962 92.7%
area
® 5  Bead width
é 4 Bead height
[} B Penetration area
3 3 & Reinforcement area
g
g ? ]
2 |
[}
2,1 BT TRLIEL
1 0.5 0 05 1 15 2
Error (mm, mm?)

Fig. 6 The error of the predicted value
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1) Linear model

By =—4.21+0.00475+0.246 VV—0.0063.5 9)
By =—1.41+0.004677+0.0417 V—0.01235 (10)
A, =4.27+0.03421+0.0250 V—0.0933.5 (11)
A, =—1.18+0.0358/—0.117 V—0.0067.5 (12)

2) Curvilinear model
BW — 10* 2»64]04338 V1465504001

(
BH: 1077406[2.211/2.07571.00 (1
Ap =10~ 0.403]0.770 VO.OQSS— 0.367 (
Ar — 10*2.82[1.79 V0.545S0.033 (
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Measured bead width

2.5 3 3.5 4 4.5 5

Predicted bead with

Fig. 7 Linear model analysis for bead width(mm)
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Predicted bead height

Measured bead height

Fig. 8 Linear model analysis for bead height(mm)
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Fig. 9 Linear model analysis for penetration
area(mm®)

4 4.5 5 5.5 6 6.5

Measured bead reinforcement

Predicted bead reinforcement area

Fig. 10 Linear model analysis for reinforcement
area(mm?)
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Measured bead width

2.5 T T T T

o

2.5 3 3.5 4 4.5
Predicted bead with

Fig. 11 Curvilinear model analysis for bead
width(mm)
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Predicted bead height

Fig. 12 Curvilinear model analysis for bead
height(mm)
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Measured bead penetration area
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Fig. 13 Curvilinear model analysis for penetration
area(mm?)

4 4.5 5 5.5 6 6.5

Measured bead reinforcement

Predicted bead reinforcement area

Fig. 14 Curvilinear model analysis for reinforcement
area(mm?)
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Fig. 15 Bead geometry in the additional experiment

Table 5 Welding parameter in the additional

experiment
Welding Arc Welding speed
current(A) Voltage(V) (cm/min)
280 30 50

Table 6 Data results of bead geometry in the
additional experiment

Predicted value
Bead Measured
geometry value Linear |Curvilinear| Intelligent
model model model
Bead width | = 5 43 418 4.19 3.56
(mm)
Bea(d height | () 64 0.53 0.52 0.61
mm)
Penetratign | 14 o3 | g g9 9.92 9.23
area(mm>®)
Reinforce—
ment 4.7 5.02 5.00 4.5
area(mm®)
100
90 mError for linear model
30 m Error for curvilinear model
70 Error for intelligent model
¥ 60
’é 50
5 40
30
20
10
il —

Reinforcement
area

Bead width Bead height Penetration

area

Fig. 16 Comparison between measured and
predicted values
371 A3 elE S ol A4l W=Fge ASge
Agrd FARd 25y 2dS 53 G5 v
wslod B3 A3 Fig. 169 Yebd Az o] A5

% mde] o o] 10%0lel eAEslolN A

HlERdE 7P 2 e SlEE ElEsitt
5 & =
2 o] &3 I GH AN A

1) 16t-16te] AlE-S A
o] 249 Holgg veow
% Sl TFed A
10%°IHe] Zg4e 717l
< BRlsttt

B a7t asdelEns daatage 499
EDEREEERS EEEED

ikl
MO
ok

1

1. J. Raveendra and R.S. Parmar : Mathematical models
to predict weld bead geometry for flux cored arc
welding, Metal Construction, 19-2 (1987), 31~35

2. Chandel, R. S. Mathematical modelling of gas
metal arc weld features, Modeling and Control of
Casting and Welding Processes IV, Proceedings of the
Fourth International Conference on Modeling of
Casting and Welding Processes, Palm Coast, Florida,
17-22 (1988), 109~120

3. I.S. Kim, C.E. Park, Y.H. Cha, B.S. Seong, Y.M.
Park, Y.H. Ahn, KW. Kim, and Y.J. Jeong
Selection of optimal Process Parameters for Butt
Welding, The Korean Welding and Joining Society, 2
(2001), 3-6 (in Korean)

4. L.J. Yang, R.S. Chandel and M.J. Bibby The
effects of process variables on the bead height of

617



132 A - A - oA - A - o]F % - WS - Reenal Ritesh Chand
submerged-arc weld deposits, Candian Metallurgical 7. 1.J. Kim, C.E. Park, I.S. Kim, J.S. Son, Y.H. An,
Quarterly, 31-4 (1992), 289-297 D.K. Kim and Y.S. Oh : Development of algoritnm

. David E. Gldberg : Genetic Algorithms in Search, for Prediction of Bead Height on GMA Welding,
Optimization and Machine Learning, Addison-Wesley, Journal of KWS, 17-5 (1999), 304-310 (in Korean)
8. S.J. Park, S.K. Nam and C.G. Kweon : Prediction of

1989

. T. S. Li, C. T. Su, T. L. Chiang : Applying robust multi-
response quality engineering for parameter selection
using a novel neural-genetic algorithm, Computers in
Industry, 50-1 (2003), 113-122

618

Weld Penetration and Deposited Metal Area in
Accordance with Weld Parameters in Tandem
Submerged Arc Welding Process, Journal of KWJS,

29-2 (2011), 691-696 (in Korean)

Journal of KWJS, Vol. 30, No. 6, December, 2012



