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Bead Prediction of Pipe-flange Welding using Dual Torch
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Article history: The pipe-spool manufacturing process, which was introduced for manufacturing
Received 14 October 2024 ship blocks, has an unfavorable working environment. Consequently, the number
Revised =3~ November 2024 of workers has rapidly decreased. Recently, the number of orders at shipyards has
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been increasing. However, at shipyards, saving manpower and meeting delivery
deadlines is still challenging, necessitating long-term measures. The pipe-spool

Keywords: manufacturing process is performed by welding pipes and fittings. When welding
STPG370 pipes and flanges, welding must be performed on the inside and outside of the pipe
DH36 flange

flange seam. Currently, such welding is performed after tack welding. However,

Pipe-flange welding the deformation difference becomes large in the work procedure, and the error thus

Dual torch increases in the subsequent process. Hence, an automated device that simultaneously
welds the inside and outside of pipes and flanges has been developed. This study
predicts bead shapes using the process variables of an automated welding device
using a dual torch.
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Fig. 2 A schematic diagram for pipe-flange weld process

Table 1 Mechanical properties of STPG 370

Tensile strength (MPa, min) 370
Yield strength (MPa, min) 215
Elongation (%, min) 17
Impact (J) 41
Modulus of elasticity (GPa) 948
Test pressure (MPa) 5.0

Table 2 Chemical composition of STPG 370

Material | C | Si ([ Mn| P | S | C | Ni |Cu| V | Al
STPG370(0.186/0.369{1.089{0.018{0.004|0.030|0.0100.014{0.0130.030
Table 3 Mechanical properties of DH 36

Density (g/cm’) 7.8
Tensile strength (MPa, min) 490~620
Yield strength (MPa, min) 350
Elongation (%, min) 19
Bulk modulus (GPa) 160
Shear modulus (GPa) 80
Table 4 Chemical composition of DH 36
Material | C | Si ([Mn| P | S | Cr | Ni|Cu| V | Fe
DH 36 |0.180{0.100 | 0.900 | 0.040 | 0.040 | 0.250 | 0.400 | 0.350 | 0.100 | 96.40
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Table 5 Standard on AWS DI1.1

Table 7 Welding parameters and their levels

Base metal thickness AWS DI1.1
(mm) Minimum size of leg length (mm)
T<6 3
6=T<I12 5
12=T<20 6
20=T 8

Table 6 Standard on ASME code

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 - Shielding gas flow rate : 15 [/min
- Welding angle : 45°

Base metal thickness AWS DI1.1

(mm) Bead width (mm) |Max convexity (mm)
T<6 - -
6=T<I2 8 2
12=5T<20 8~25 3
20=T 25 5
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Outer of flange
Vo Vettical-leg length(mm)
Hp, : Horizontal-leg length(mm)
By Bead width(mm)

Coy: Convexil
Tnner of flange o v

Vy, Vertical-leg length(mm)
H,, Horizontal-leg lengfh(mm)
By, Bead width(mm)

Cy: Convexity

Fig. 3 A schematic diagram of bead geometry for pipe-flange
welding
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Fig. 4 Input and output variables of the pipe-flange welding
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1) Outer of flange

Vi = —24.0+0.091778440.49111 V- 0.10056.5 A3)
Hpym = —29.0+0.107833A4+0.51833 V—0.0655 4
Bom= —37.520+0.1413894+0.71278 V—0.117225  (5)

Clin = —30.7+0.0967224 +0.43389 '— 0.08056.5 (©6)

2) Inner of flange

V= —28.439+0.1144+0.43111 V—0.05222.5 (7)

H,™= —36.645+0.13108334 +0.62944 V—0.081115  (8)

B = —46.127+0.1733894+0.75167 V—0.094175  (9)

"= —35.017+0.114889 4 +0.45444 V—0.085835  (10)

A o|& 2%
3= (second order regression model)2 LEFNH 2] (1)
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k
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1) Outer of flange

V2 = 7.97540.208894 2+ 0.02222 V2 —0.02111.52+0.00854 V
—0.13667.A5—0.09667 VS+0.91778 4 +0.49111 VV—0.201115

(14)
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Hp"'= 8.16185+0.186114 >4 0.08278 2+ 0.03778.5%40.0954 V
—0.098334.5—0.08167 VS+1.07833 A+ 0.51833 V—0.135

(15)

B2 = 11.411940.27944°+0.0761 V+0.01115%+0.12834 V
—0.165A5—0.125 VS+1.4139 4 +0.7128 V—0.2344.5
(16)
O3 = 1.17778+0.281674%+0.10833 12 +0.076675%+0.21917A V

Out
—0.0641745—0.085 VS+0.967224 +0.43389 V'—0.16111L5

17

2) Inner of flange

V2 = 8.143740.20889.4 % — 0.02111 V*+0.00556.5%+ 0.090834 V
—0.062545—0.08 VS+1.144+0.43111 V—0.104445

(18)
H2 = 8.64370+0.11056 424 0.02722 12— 0.117785%40.10754 V/
+0.0116745—0.06167 VS+1.30833 4+ 0.62944 V—0.16222.5
(19)
B2 = 11.8733+0.2267A42+0.0067 V*—0.085%40.14584 V'

—0.03834.5—0.1025 VS+ 1.7344 4 +0.7511 1V 0.18895
(20)

G = 1.55+0.223334%+0.14333 V2 —0.0083357+0.32167A V
—0.02417A45—0.09667 VS+ 1148894 +0.45444 V—0.17167.5
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Table 8 Mechanical Properties of DH 36

SE R?
B Regressi . Adi
eoriii eriroejzon (standard | (coefficient of Ifgl(li/te)d
8 4 error) |determination, %) °
Linear | 0gg 90.2 88.9
Vou | model
2nd model | 0.2974 933 89.7
Linear 1 7516 94.7 94.0
Hoy | model
O“;er 2nd model | 0.2295 96.7 95.0
o :
flange Linear | 4714 93.6 9.7
Bow | model
2nd model | 0.3394 96.0 93.9
Linear | 414 89.9 88.6
Cox | model
2nd model | 0.2471 95.5 93.1
Linear 1 2061 96.5 96.0
Vin model
2nd model | 0.1697 98.2 97.3
Linear | 4155 94.4 92.7
Hi, model
Tnner of 2nd model | 0.3381 95.2 93.6
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