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Determination of Optimal Conditions for a Gas Metal Arc Welding Process
Using Genetic Algorithm
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Abstract

A genetic algorithm was applied to an arc welding process to determine near optimal settings of
welding process parameters which produce good weld quality. This method searches for optimal settings
of welding parameters through systematic experiments without a model between input and output
variables. It has an advantage of being able to find optimal conditions with a fewer number of
experiments than conventional full factorial design. A genetic algorithm was applied to optimization of
weld bead geometry. In the optimization problem, the input variables were wire feed rate, welding
voltage, and welding speed and the output variables were bead height, bead width, and penetration.
The number of level for each input variable is 16, 16, and 8, respectively. Therefore, according to the
conventional full factorial design, in order to find the optimal welding conditions, 2048 experiments
must be performed. The genetic algorithm, however, found the near optimal welding conditions from
less than 40 experiments.
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Fig. 1 A general procedure of a genetic algorithm
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Fig. 2 Weld bead geometry
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Table 1 Search range for welding parameters, and

the corresponding number of bits and
number of levels

Parameter Range Number of bits | Number of levels
Wire feed rate | 45-120(mm/s) 4 16
Welding voltage|  15-30(V) 4 16
Welding speed | 5-12(mm/s) 3 8

A4 fd gneFe Ao weuHE 273
B AoNE ARG 12, 23 0.95, EARE
0.012 AAstgct, ool AAGFEE o7 2EH
& WA 7T, gutd o g 2y o) 2EYL dY
A A E e E AFgE B AAFANE F
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th Al £ 3 WA Ui v E 7} 11028 11
dz PAE A3 id (L) '"& o] 438t Table 29
2o oA 2EHE AL o] A g &
o 4 £ Wee Y & AANE dvlsta 1E
A 487w A4 $F £5, 5EA 8=
24 A, 9dalA 11974 E 44 $xd HPH
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Table 2 L Orthogonal array for initial generation

Individual Bit number
number 1 2 3 4 5 6 7 1.8 9 10 | 11
1 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 1 1 1 1 1 1
3 0 0 1 1 1 0 0 0 1 1 1
4 0 1 0 1 1 0 1 1 0 0 1
5 0 1 1 0 1 1 0 1 0 1 0
6 0 1 1 1 0 1 1 0 1 0 0
7 1 0 1 1 0 0 1 1 0 1 0
8 1 0 1 0 1 1 1 0 0 0 1
9 1 0 0 1 1 1 0 1 1 0 0
10 1 1 1 0 0 0 0 1 1 0 1
11 1 1 0 1 0 1 0 0 0 1 1
12 1 1 0 0 1 0 1 0 1 1 0
Table 3 Results of initial generation
Individual|Feed rate| Voltage | Speed | Height | Width [Penetra-iopiective| Fitness
number | (mm/s) | (V) |{(mm/s)| (mm) | (mm) (ﬂﬁﬂ) function |function
1 a5 | 15 5 | - - - | 41.00 | 0.024
2 45 22 12 1.0 4.2 2.1 11.70 | 0.079
3 60 23 12 1.3 4.9 2.5 6.70 | 0.130
4 70 26 6 1.6 8.2 3.3 1.94 | 0.340
5 75 28 7 1.3 8.7 2.8 4.37 | 0.186
6 80 21 9 2.5 5.4 2.8 5.00 | 0.167
7 100 18 7 - - - 41.00 | 0.024
8 95 29 6 2.0 12.2 4.2 27.33 | 0.035
9 90 28 9 1.2 8.1 3.2 1.94 | 0.340
10 115 16 10 - - - 41.00 | 0.024
11 110 19 8 - - - 41.00 | 0.024
12 105 25 11 2.2 5.9 3.8 1.74 | 0.365

REEEHDETE $18% H59, 20004 10A

607



68

HEAE A

2=

24% 4 F A7) W&otk zEa Al 3A el
A 2A A 23& Agtvhe AL A 36We] A
& 53 Ao Ageln), A Ao EyE &4 F
A A5 48 AP Table 49 YeERNSIT 44
35 79 84 2N e FAZ golo] 7 x|
HE £4 &5 AdAes FAg7] e $go)
AEtel B dojgl & BHEJY, 4¥WI 89 &
A 204 FolA golo] $F o] Hg] &4
Aol AA LR k] v 8ol AY o] Fo]
AA &7l Wi EF wloet & TEUTL

Fig. 3& 3Ad7AA 33 fd duelge] dH4E
HejFa gich 713 e & 4 AdiE FAE AAE
o] B Feis IS e Jepin, V13 e’ &
Zt AU E 43 MAETAA HiY 54 g4
& Yehdn. 2de2Rg At S vt
B2 Fggro]l e gog £¥drte A& ¢+ A
ot BMZAA Z AdielA EAE EF volgt A
e 47 4,2,290. Fig. 45 2 AclA &4 g
TEE H22 dhe 83 3 ErRdA 2o &
A Hl=e g wed W gE Yo 3o,

20

-@- Aveage
18 f ~f- Best, R
16
'g “r
ks
& 12
2
g 0
-
8 8r
&
(e 8 I
st
2r I\'_\-
0 N )

1 2 3
Generation number

Fig. 3 Results of the genetic algorithm
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Table 4 Results of the third generation

Individual|Feed rate| Voltage | Speed | Height | Width [ e{’.etra’Objective Fitness

number | (mm/s) | (V) | (mm/s)| (mm) | (mm) (1:3;1) function |function
1 75 24 9 1.7 6.3 3.4 0.89 | 0.529
2 70 28 11 0.8 6.7 3.1 1.39 | 0.418
3 95 29 12 1.0 7.2 3.3 0.78 | 0.562
4 105 26 8 2.4 8.2 4.6 2.61 | 0.277
5 70 26 9 1.2 5.9 3.1 2.11 | 0.322
6 80 21 7 2.5 5.8 3.1 3.25 | 0.235
7 105 25 5 - - - 4.88 | 0.170
8 110 19 11 - - - 4.88 | 0.170
9 75 24 8 1.7 6.9 3.7 0.14 | 0.877
10 95 30 9 0.6 8.4 4.4 2.93 | 0.254
11 75 23 11 1.6 5.4 3.3 3.06 | 0.246
12 105 26 9 2.4 7.2 4.4 1.01 0.498

608

Journal of KWS, Vol. 18, No. 5, October, 2000



A SnEES

o] &3 7k~ W ola $4 3 A 21 AFY 4 AT 69

2ot = ARE B8 43 - g 2d g o
7] M E vad g2 £ E48 vehle o
A& 27] 93 A3 Ao et} B droME
£33 U FEHQ A4 gle], 7\‘3 F4& v
Bl FEd A5 4 g dol 2A4% 43
AEE o] gt Y3 &3 FH4E e 24
A 270F Fe AP IYS AgsA.

B Ao A & AAA} dste B2 4
% (partial penetration)® &HEE TE] e &
A 33 24¢& d4sed JE3H o2 87 2
oA &7 HE YFL &3 FLAE dFse F8
g Azpolr] wio] &3 vl P4 ¥4 ¥E Fo
spHj= £ &9 ZHolE o] &3 & EAE WUl
€ A Em“ﬁoﬂ £ HE P g FE
43 T4 M ol £33 &=, 44 A, 43
£x 2 3ttt o] 39 &8 FF ¥ g By
A G oA Lol LAY Lol Al
APEA & F95 At dte 2E £9 9
& veilie €3 33 HMTE #4 dngEE o
£ ZE & UAT o] WHE V1E9 2 Ay
”“ﬁi“/} A AL Ay s 24 J4 248 3

€ F AT WA o] e FAF A = % |
’é?o} W ollg 83 39 Rdg frdle
Eﬂﬁﬁilﬁﬂ'ﬁﬁ‘%%giﬁiﬂwﬂiﬁa ]

o3

i

Ao
ro

1. D. Rosenthal :
during welding and cutting, Welding Journal, Vol.20,
No.5 (1946), pp.220-s ~ 234-s

2. T.W. Eagar and N. 8, Tsai :
produced by traveling distributed heat sources, Welding
Journal, Vol.62, No.12 (1983), pp.347-s ~ 355-s

Mathematical theory of heat distribution

Temperature fields

Kb BB a3k 5184 5%, 20004 105

3. AY9E, UAF 8402 3 &8 o £5 S neld &Y

10.

11.

12

13.

14

.P. J. Konkol and G. F.

. L. J. Yang and R.

JuE, 234, 234

. T. K. Meng and C. Butler :

.D. E Goldberg :

. American Welding Society :

F3) A, AH4HSEA, AL5E 15(1997), pp.26 ~ 35
Koons : Optimization of
parameters for two-wire AC-AC submerged arc welding,
Welding Journal, Vol.57, No.12 (1978), pp.367-s ~
374-s

S. Chandel
curvilinear regression equations for modeling the

: An analysis of

submerged-arc welding process, Journal of Material
Processing Technology, Vol.37 (1993), pp.601 ~ 611
AR EE o4 GMA £ FF
M9 &§A9 27 A, A &£HTFYA, A123 1%
(1994), pp.59 ~ 72

olAMd, W&, 2A4Y, F3Y : GMAWAA H=FgA ool
#3 A7, RFEHEI R, A 158 635(1997), pp.116 ~
123

Solving multiple response
optimization problems using adaptive neural networks,
The International Journal of Advanced Manufacturing
Technology, Vol.13 (1997), pp.666 ~ 675

Genetic algorithms in search,
optimization, and machine learning, Addison-Wesley,
(1989)

dJ. J. Grefenstette : Optimization of control parameters
for genetic algorithms, IEEE Syst. Man Cybern. Vol.16
(1986), pp.122 ~ 128

C. R. Reeves :
populations, Proc. of the Fifth Intern. Conf. on Genetic
Algorithms, (1993), pp.92 ~ 99

Using genetic algorithms with small

. ANSI/AWS D1.1-94, Structural welding code-steel,

18th Ed.
(1994)
M.S. Phadke @ Quality engineering using robust
design, Prentice Hall, (1989)

, American Welding Society, Miami, Fla.

Welding handbook, 8th
ed.,Vol.2(1991)

609



