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Abstract: In order to monitor the quality of TIG welding for blocked tube welding of high-temperature gas-cooled reactor steam
generators under the constraints of operation space and radiation environment, a real-time monitoring system based on a fiber optic
spectrometer for TIG welding process was developed for monitoring the depth of penetration during welding. This study used the
system to collect arc spectra and utilized Principal Component Analysis to obtain the spectral principal components of different weld
penetration depths. An innovative ATT-L2R-BiLSTM deep learning model was proposed to achieve classification and recognition
of weld penetration depth during blocked tube TIG welding. The results show that the model achieved an accuracy of 92. 61% under
laboratory conditions, which is 5. 11% higher than that of the Bi-LSTM network. The model was tested and verified on a blocked
tube verification platform for nuclear power steam generators, achieving an accuracy of 99.26%. Finally, deep mining of welding
quality features and precise evaluation of weld penetration depth during TIG welding were achieved under incomplete spectral

information.

Highlights: (1) A spectral monitoring system was designed for real-time monitoring of the TIG welding process of plugged tubes in
nuclear steam generators.
(2) The ATT-L2R-BiLSTM model is proposed for evaluating the depth of fusion of the weld seam in TIG welding

process with incomplete monitoring information.
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(3) The proposed monitoring strategy has been tested and verified in the TIG welding process of nuclear steam

generator tube plugging.

Key words: arc spectroscopy; tungsten inert gas shielded welding; principal component analysis; online monitoring; deep learning
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Fig. 10 ATT-L2R-BIiLSTM test set accuracy and loss
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Table 6 Fixed experimental parameter of circular arc
welding

SR B AT gz sz
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curves
x7 ERBLUFRS (RESH, %)
Table 7 Filler wire chemical components
C Si Cr Ni Fe Al Ta+Nb S Mn Cu Ti Hept

<0.1 <0.5 18~22 =67 <2 0.15~0.6

2~3 <0.015

2.5~3.5 =<0.5 <0.75 <0.5
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Fig. 11 Line spectrum calibration of arc signal of welding

wire
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Fig. 12 Nuclear power steam generator tube blocking
verification platform and welding test platform.
(a) general view of nuclear power steam genera-

tor tube blocking verification platform; (b) weld-
ing test table
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Table 8 Welding and spectral monitoring system dyna-
mic change parameters

R TR peEs L ik B S S
i 5 t/ms IIA (B L/cm

1 15 130 35

2 4 120 40

3 10 120 40

4 40 120 40

Z IRV BN, e 2o di LSRR X L O Y
REE, BUAN, SRR ERE 2 5K R i, JR kA B
L Bt 2 xt s OGR4 7 LR BRI 25 |, R
SR 0 T 2 h Bk SRS TR A R L S
PRI R BELASHE T DRE , T T BB A e 42
8/ N TR AR AN E % Hh O AR TR, PR RSk R Sk 2
[ P B X G5 B B2 ML/ N, ST B LA O A
XE3R R/ I B E V.

S

5{ ek

B 13 EERLEBMEINUEXR
Fig. 13 Position relationship between spectral probe
and tungsten electrode welding head
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Fig. 14 Full spectrum root mean square of arc welding
process
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Fig. 15 Weld the heat exchange tube sheet

(a) i 1

L,=1434.87 pm X L=1671.12 ym

,=3 576.92 pm

L,=3 028.42 pm =3 120.40 um

(c) 1% 3 (d) 156 4

B 16 IFERRMIGEEEERIR
Fig. 16 Appearance of weld cross section of welded
sheet. (a) Test 1; (b) Test 2; (c) Test 3; (d)
Test 4
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Table 9 Pipe plug welding depth and corresponding

label
RIS J&Rd /mm bR K it
1 1.66 0 2131
2 2.58 1 2977
3 1.44 2 2356
4 1.67 0 1107
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