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Pipe spools, which are used in various industrial fields, such as shipbuilding
and marine plants, marine piping water pipes, fire pipes, ventilation pipes,
structural pipes, and district heating, are mostly composed of medium to large

pipes. In the pipe-flange welding process, the inside and outside of the flange
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are welded after temporary welding. However, the deformation difference may
be large depending on the work procedure, and the error then increases when
completing the pipe spool in the subsequent process. Therefore, a dual welding
device that welds the inside and outside of the flange simultaneously has been
developed and applied to the field. This study develops a pipe-flange joining

Dual torch method using GMA welding and attempts to optimize the welding process.
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Fig. 1 Configuration of welding system in pipe-flange
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Fig. 2 A schematic diagram for pipe-flange weld process
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Table 1 Standard on AWS D1.1

Base metal AWS DI1.1
thickness (mm) Minimum size of leg length (mm)
T<6 3
6=T<I2 5
12=T<20 6
20=T 8
Table 2 Standard on ASME code
Base metal AWS DI1.1
thickness (mm) Bead width (mm) | Max convexity (mm)
T<6 - -
6=T<I12 8 2
12=5T<20 8~25 3
20=T 25 5
SHABE 99l £ AATL Fig 13 o] Aaslg Tsiel
o golZ-ZA] &4 APS skl 650 A 2719 To]z
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Table 3 Welding parameters and their level

Level 1 0 1
Parameter

Welding current (A) 220 230 240

Welding voltage (V) 26 27 28
Welding speed (cm/min) 20 22 24
Fixed variable - Shlelqlng gas flow rate : 15 [/min

- Welding angle : 45°
Outer of flange

Vo Vertical-leg length(mm)
Hg,,: Horizontal-leg length(mm)
By, : Bead width(mm)

Cgy:: Convexil
Inner of flange Ou ty

Vy,+ Vertical-leg length(mm)
Hj, : Horizontal-leg length(mm)
By, : Bead width(mm)

Cy,: Convexity

Fig. 3 A schematic diagram of bead geometry for pipe-flange
welding

Input variable

Selected vanable

Welding current(A)
Arcvoltage(V)

Output parameter

Outer of flange

Vertical-leg length(mm)
Horizontal-leg length(mm)
Bead width(mm)
Convexity(mm)

Inner of flange

Vertical-leg length(mm)
Horizontal-leg length(mm)
Bead width(mm)
Convexity(mm)

Welding speed(cm/min)

Fixed variable

Shielding gas(15(/min)
Welding angle(45%)

Welding

) )

process

Fig. 4 Input and output variables of the pipe-flange welding
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Ag3t7] 98 10003] ¥HEoR HAgteta, A it
ZajEl= Revolution rate 0.02,
Random amount of deviation 0.01, Distance 22 AZA3}iT}
wiebA mholz-ZA] 843749 A3t 517] 9Jsll Countries
size 110~2000] ®slo] w2 AoF 2744 78, 4% 24 6
mm ©}, BlE Z 8§ mm 0]% 25 mm ©J3}, &% 3 mm ©]3ho]
i 2l FHUE was

ICA A3}t 719 ,] 1434 N
MATLAB ©]&3}0] CodeS 7;4%6}931:} x]
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Fig. 5 Schematic diagram for ICA
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Table 4 The results of various tolerance size using ICA algorithm
(outer of flange)

Results of constraint

Variables of optimal (outer of flange, mm)

Welding | Welding | Welding
current voltage speed Vou | Houw | Bou Cout
(A) ) (cm/min)
226.174 26.047 22.620 | 7.000 | 6.539 | 11.95 | 1.020

Table 5 The results of various tolerance size using ICA algorithm
(inner of flange)

Results of constraint

iables of optimal
Variables of optima (outer of flange, mm)

Welding | Welding | Welding
current voltage speed Vi Hm B Chn
A) V) (cm/min)
226.174 26.047 22.620 7.676 | 7.224 | 9.756 | 1.172
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Fig. 6 The structure of the SA algorithm

Table 6 The results of various tolerance size using SA algorithm
(outer of flange)

Results of constraint

Variables of optimal (outer of flange, mm)

Welding Welding | Welding
current voltage speed Vou | Houw | Bouw | Cou
A) ™) (cm/min)
223.486 26.786 23.683 | 6.999 | 6.865 | 10.87 | 2.394

Table 7 The results of various tolerance size using SA algorithm
(inner of flange)

Results of constraint

iables of optimal
Variables of optima (outer of flange, mm)

Welding Welding | Welding
current voltage speed Vi Hi Bi Cn
A) ™) (cm/min)
223.486 26.786 23.683 | 6.471 | 7.647 | 10.09 | 1.275
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Fig. 7 The structure of the DE algorithm

Table 8 The results of various tolerance size using DE algorithm
(outer of flange)

Results of constraint

Variables of optimal (outer of flange, mm)

Welding | Welding | Welding
current voltage speed Vou | Houw | Bouw | Cou
(A) %) (cm/min)
226.174 26.047 22.620 | 7.000 | 6.539 | 11.95 | 1.020

Table 9 The results of various tolerance size using DE algorithm
(inner of flange)

Results of constraint

iables of optimal
Variables of optima (outer of flange, mm)

Welding
current
@A)

Welding
voltage

M

Welding
speed
(cm/min)

VIn HIn Bln CIn

226.174 26.047 22,620 | 7.676 | 7.224 | 9.756 | 1.172
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Table 10 Experiment conditions employed in experiment

Welding Welding Welding
Test no. speed
current (A) voltage (V) (cm/min)
226 28 20
226 28 20
226 28 20

Table 11 Results of optimization

Average result of outer
flange for bead

geometry (mm)
HOut BOul
74453 |12.5415
7.3361 |12.2676
73371 {12.3015

Average result of inner flange
for bead

geometry (mm)
Hln Bln
7.5586 | 11.6320
7.5057 | 11.5665
7.5363 | 11.5701

Test
no.

Vou
7.0243
6.9922
7.1072

Cou
13906

1.3360
12531

Vin
74225
7.2737
74011

Cin
1.8824
1.8684
17946

Table 12 Results of welding experiment

Average result of outer
flange for bead
geometry (mm)

Hout | Bou
74939 | 125476
73665 | 12.3632
74534 | 12.3882

Average result of inner f
lange for bead
geometry (mm)

HIn BIn
7.5192 | 11.5834
TAT88 | 11.4686
74543 | 11.5720

Test
no.

Vou
6.9274
6.9789
6.9751

COut
1.4492

1.2057
1.3513

VIn
74320
7.3239
7.3285

CIn
1.9957
1.8150
1.7841
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Table 13 Comparative analysis of errors (outer of flange)

Error (measurd value-predicted value)

Bead geometry

Test no 1 Test no 2 Test no 2
Vou 0.0969 0.0133 0.1321
Outer of | Hout 0.0486 0.0304 0.1163
flange Bout 0.0061 0.0956 0.0867
Cout 0.0586 0.1303 0.0982

Table 14 Comparative analysis of errors (inner of flange)

Error (measurd value-predicted value)

Bead geometry

Test no 1 Test no 2 Test no 2
Vout 0.0095 0.0502 0.0726
Inner of Hou 0.0394 0.0269 0.082
flange Bou 0.0486 0.0979 0.0019
Cout 0.0113 0.0534 0.0105
14
= (1 Predicted value [ Measured value
é 12
ko1
210
<
=
= 8
5
=
L6
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go 4
o 2
< |
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Fig. 8 Comparison results of bead geometry for outer of flange
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Fig. 9 Comparison results of bead geometry for inner of flange
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