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Backing process of narrow gap horizontal welding based on rotary arc

Zhang Mingze, Luo Yu, Ye Shuoshuo, Su Jiayi, Yu Junjie
(Beijing Higher Institution Engineering Research Center of Energy Engineering Advanced Joining Technology,

Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: [Objective] J-laying is the most suitable method for laying submarine pipelines and installing Marine risers in deep water.
Automatic pipeline welding equipment is often used to complete horizontal girth weld by swing welding. For problems such as asymmetrical
formation and poor consistency of back formation in backing weld by swing arc P-GMAW horizontal welding, backing process method of
narrow gap horizontal welding surface tension transition (STT) based on rotary arc was proposed. [Methods] X65 pipeline steel sheet butt
narrow bevel was taken as the test object, welding process of deep water riser J-lay was simulated. [Results] Based on Minitab-based Taguchi
method, an orthogonal test model was established. Through welding process test, influence of backing process specifications of narrow gap
horizontal welding STT and different combinations of welding parameters on law of weld formation was explored. [Conclusion] Back

formation of backing weld had good consistency without incomplete fusion, incomplete penetration and other defects.
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Tab. 1 Chemical composition of base metal and welding wire (wt. %)
25 C Mn P Cu S Si Ni Mo Cr
BEBF 0.09 1.60 0.02 0.30 0.004 0.35 0.30 0.30 0.25
Je ez 0.04 1.95 0.007 0.23 0.01 — — 0.32 —
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Tab.2 Taguchi orthogonal test model and post-welding data model

T4 ReHE SRR WA GERE A ReinbE RERUEITS IR fEE R
45 v/(mmin)  v,/(cmmin')  f/Hz D/mm L/mm F(0 ~20) H/mm W/mm  b/mm
1 5.8 25 5 1 10 12 9.17 6.95 1.41
2 5.8 28 10 1 11 14 8.15 6.09 1.44
3 5.8 30 15 1 12 10 6.97 6.65 1.41
4 5.8 32 20 2 13 2 3.36 5.14 1.85
5 5.8 35 25 2 14 1 8.36 5.21 1.85
6 6.0 25 10 1 13 15 7.31 5.33 1.37
7 6.0 28 15 2 14 11 4.33 3.07 1.63
8 6.0 30 20 2 10 13 3.82 5.25 1.18
9 6.0 32 25 1 11 3 2.86 6.34 1.39
10 6.0 35 5 1 12 4 5.52 7.73 1.49
11 6.2 25 15 2 11 17 5.00 5.54 1.04
12 6.2 28 20 1 12 8 5.50 5.40 1.68
13 6.2 30 25 1 13 5 6.59 5.94 1.65
14 6.2 32 5 1 14 13 9.18 6.40 1.68
15 6.2 35 10 2 10 16 6.55 4.95 0.89
16 6.4 25 20 1 14 12 8.67 5.56 1.67
17 6.4 28 25 1 10 14 8.78 6.47 1.61
18 6.4 30 5 2 11 10 7.10 5.82 0.83
19 6.4 32 10 2 12 16 6.87 6.24 0.81
20 6.4 35 15 1 13 14 8.29 5.61 1.5
21 6.6 25 25 2 12 13 5.25 6.57 0.89
22 6.6 28 5 2 13 14 9.91 6.65 1.06
23 6.6 30 10 1 14 7 8.63 5.33 1.65
24 6.6 32 15 1 10 11 8.71 5.92 1.72
25 6.6 35 20 1 11 3 4.60 5.44 1.78
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Fig. 3 Main effect diagram of weld forming score. (a) main effect

diagram of SNR; (b) main effect diagram of mean value
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Tab. 3 SNR response table of weld forming score

K- Ve Vy f D L
1 14.11 2272 19.77 17.80 22.34
2 17.64 21.53 2230 18.27 17.32
3 20.60 18.63 21.84 19.65 19.29
4 22.30 16.55 15.50 18.64 17.87
5 18.49 13.72 13.74 18.78 16.32
e 8.20 9.00 8.56 1.85 6.02
Rk 3 1 2 5 4
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Tab. 4 Mean value response table of weld forming score

K- Vi Vi f D L
1 7.800 13.800 10.600 8.800 13.200
2 9.200 12.200 13.600 9.200 9.400
3 11.800 9.000 12.600 11.000 10.200
4 13.200 9.000 7.600 10.400 10.000
5 9.600 7.600 7.200 12.200 8.800
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Fig. 5 Analysis of influence factors of weld width. (a) SNR main
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Tab.5 SNR response table of weld width

K vy Vy f D L
1 15.51 15.50 16.50 15.41 15.36
2 14.50 14.55 14.91 15.86 15.32
3 15.00 15.23 14.30 15.61 16.22
4 15.46 15.55 14.58 13.90 15.13
5 15.50 15.14 15.68 15.19 13.93
&= 1.01 1.00 2.20 1.96 2.30
HERR 4 5 2 3 1
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Tab. 6 SNR response table of penetration

K vy Vy f D L
1 16.66 16.73 18.06 16.05 16.98
2 13.12 16.91 17.46 17.40 14.32
3 16.15 16.13 16.15 17.10 15.53
4 17.95 14.89 13.80 14.20 16.50
5 17.02 16.25 15.44 16.15 17.58
&= 4.83 2.02 4.26 3.20 3.26
HERR 1 5 2 4 3
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Fig. 8 Morphology of plate butt weld. (a) surface morphology of
weld; (b) back morphology of weld; (c) macroscopic mor-

phology of cross-section
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