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ABSTRACT: The work aims to propose an automatic liner welding system to solve the corrosion defects on the surface of
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small-diameter heat transfer tubes for nuclear use, repair the corroded heat transfer tubes and verify the feasibility of the welding
system. With STM32F405RGT6 microprocessor as the control core, a welding control system was developed by implanting the
FreeRTOS real-time operating system. With micro TIG welding gun as the actuator and a digital welding power source as the
power output device, an automated lining welding system was developed. Finally, the pulse welding experiment of 304 stainless
steel tubes was carried out. As a result, the welding process was stable. There was no arc breaking. The weld liner was com-
pletely welded. The base pipe was properly melted, and the weld was well formed. The welding heat input can be regulated by
adjusting the base current, peak current, pulse frequency and duty ratio to obtain high quality weld. It is found that the developed
micro welding torch can adapt to the narrow welding conditions inside the heat transfer tubes. The welding power source meets
the energy demand during welding and improves the dynamic response ability of the welding process. The welding control sys-
tem realizes macroscopic scheduling of the welding torch and the welding power source in terms of both hardware and software,
and can regulate the welding waveform fine. The results show that the developed liner welding system has excellent perform-
ances and meets the needs of high-quality repair of the stainless steel heat transfer tubes inside water tanks of steam generators
for pressurized water reactors.

KEY WORDS: stainless steel heat transfer tube; liner welding; micro welding torch; welding power source; real-time operating
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Tab.1 Parameters of the selected motor
Model Silent ST28p-28541W3-24-721
No load Rated load Instant allowable Ratio of

Input voltage .
Speed/(rrmin”')  Current/A  Speed/(r'min”') Current/A Torque/(N-m) torque/(N-m) deceleration

24V DC 17.4 0.5 15.8 1.7 6 9 721 © 1
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Fig.14 Test equipment of deflection and experimental site
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Tab.2 Deflection detection value of welding torch

Group Mass/g Deflection/mm
1 80 13.997
2 120 15.498
3 160 17.154
4 210 19.281
4.4 #ERZRRE
HDO4000
304 19 mm
17 mm 16.5 mm 14.5 mm
3 r/min 10 L/min
10 Hz
2
5
3
*x3 BESHREE
Tab.3 Parameters setting of welding
Base Peak o
Group current/A current/A Frequency/Hz Duty/%
40 110 10 50
2 60 110 10 50
2
15a 15b
15a 15b

15

Fig.15 Weld morphology of welding test: a) weldment 1;
b)weldment 2
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