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Multiple Electrode Submerged Arc Welding Process with Low-Heat Input
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Abstract:

In recent years, mechanical properties of weld joint for natural gas transportation U-ing O-ing expansion (UOE)
pipes have been more stringent. JFE Steel developed a new submerged arc welding (SAW) process for high-strength
and heavy wall thickness UOE pipes. A new SAW process which can reduce heat input of 25% due to its high
deposition rate and deep penetration is performed with multiple electrode SAW using small diameter welding wire on
lead electrode. Improvement of heat affected zone (HAZ) toughness in seam welding on API X65 (API : American

Petroleum Institute) heavy wall linepipe and refinement of prior austenite grain size in HAZ was achieved in order to

reduce its heat input.
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Fig.1 Relationship between wall thickness and heat input on
seam welded joint on UOE linepipe
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Fig. 2 Effect of heat input of double submerged arc welding
(DSAW) on austenite grain size
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Welding process: Single electrode SAW®
*SAW: Submerged arc welding
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Fig.3 Effect of welding wire diameter on deposition rate
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Fig. 4 Effect of wire diameter on penetration depth
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Welding process: 4-Electrode SAW"
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Fig. 5 Heat input reduction effect on 4-electrode SAW
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Table 1 Chemical composition of base metal
(mass%)
Others
Ni, Cr, Mo, Nb, Ti

C Si Mn P S
0.05 0.15 1.6 0.005 | 0.001
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Table 2 Welding condition of 4-electrode submerged arc

welding (SAW)
Electrode Heat input Travel
Process Electrodes  diameter p speed
(kJ/mm) .
(mm) (m/min)
1st 4
. 2nd 4
Conventional 3rd 4 7.2 1.3
4th 4
1st 2.4
2nd 4
Developed 3rd 4 5.5 1.6
4th 4

Specimen shall sample 50% weld metal and 50% HAZ

Outer weld metal Outer weld metal

Inner weld metal Inner weld metal
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Fig. 6 Charpy V-notch impact test specimen positions
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Photo 1 Macrostructure of conventional SAW and developed
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Fig. 7 Charpy impact test results of HAZ

(a) Conventional SAW®

'SAW: Submerged arc welding
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Photo 2 Heat affected zone (HAZ) micrograph of conventional
SAW and developed SAW
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