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Fig. 1 Underwater wet welding arc spectroscopy

diagnostic platform
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Table 1 Welding parameters table
KB/ W/ W/ k2L R/ SR/
m A% A (mm * min ) (mm=+s 1)
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Fig. 2 Electricity and voltage curve diagram
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Fig. 3 Arc spectrum
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Fe | 371.12 5.90
648 651 654 657 660 663 666 Fe | 389. 33 6.10
Wavelength/nm Fe | 440. 47 4.35
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Fig. 4 H element characteristic line
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Table 2 Line identification results

TR P L /nm WL 3% £/ nm
Fe T 357. 33 357. 42
Fe T 358. 91 358. 80
Fe T 361. 31 361. 35
Fe | 371.12 371. 24
Fe T 375.82 375. 68
Fe T 389. 34 389. 21
Fe I 402. 93 402. 90
Fe T 424.11 424. 32
Fe T 440. 48 440. 42
Fe T 487.76 187. 68
Fe T 557. 61 557.72
H 656. 28 656. 30
H 186.13 486. 20
H 434. 05 434.16
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Table 4 Arc temperature at different times of arcing

519 %1 /ms /K
5 2 619
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15 3818
20 4827
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Temperature change trend at different times of arcing
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Study on Plasma Temperature and Electron Density During Arc Initiation
by Underwater Wet Welding

LI Zhi-gang, XU Xiang, LI Yang, HUANG Wei
Key Laboratory of Vehicle Tools and Equipment, Ministry of Education, East China Jiaotong University, Nanchang 330013,
China

Abstract Underwater wet welding technology has been widely used in recent years, however. there is a lack of research on its
mechanism. In this paper, the plasma temperature and electron density of the arc-inducing process of underwater wet welding are
studied by means of spectral analysis. Firstly, the underwater wet welding arc spectrum diagnostic platform was built, and the
current, voltage and spectral signals in the welding process were collected synchronously. The arc strike process is defined based
on the analyzed current and voltage signal data. On this basis, the spectral signals of 5, 10, 15, 20 and 25 ms are collected by
the time delay recording function of the spectrometer. The Fe element line and the H element line required to calculate the
plasma temperature and ionization density are calibrated. In order to ensure the accuracy and reliability of the calculation results,
five sets of data were selected at different times of the arcing, and the five sets of data were averaged. Five suitable spectral lines
were selected in the calibrated Fe element line, and the underwater wet welding arc plasma temperature at different times of the
arcing was calculated by Boltzmann diagram method. According to the H, spectrum detected by the spectrometer, combined with
the Stark line broadening theory of plasma emission spectroscopy. the electron number density at different moments of
underwater wet welding arc is calculated. The calculation results show that the temperature changes of underwater wet welding
arc plasma show different characteristics at different moments of arc ignition, In the arcing 5 and 20 ms respectively, the
temperature values appear peak respectively, and the temperature value reaches 4 414 K at the last steady arc time. The electron
number density also differs at different times of the arcing, and also peaks at 5 and 20 ms. The changing trend of arc plasma
temperature and electron number density at different timings of arc ignition verified the formation of arc accompanied by the
breakdown of space gap. The calculation results can further explore the physical nature of underwater wet welding arc-ignition
process from the perspective of arc physics, and provide an important reference for guiding and seeking more effective

arc-ignition methods.
Keywords Underwater wet welding; Arc spectroscopy; Arc ignition; Plasma temperature; Electron number density
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