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joints in 304 stainless steel U-groove pipes using 316L welding wires. Narrow-gap oscillating TIG welding technology was em-
ployed to weld 304 stainless steel. The microstructural distribution of the welded joints was observed with an optical microscope.
Additionally, tensile experiment, impact experiment, microhardness experiment, and electrochemical corrosion experiment were
conducted on the welded joints using equipment such as a tensile testing machine, Vickers hardness tester, and impact testing
machine, followed by analysis. The results showed that a high-quality welded joint with a thickness of 20 mm was obtained,
featuring an aesthetically pleasing weld bead formation, no weld porosity, and no incomplete fusion on the side walls. The weld
microstructure consists of directional austenite with a small amount of discontinuous skeletal ferrite dispersed in the matrix. Its
morphological characteristics are mainly determined by the inhibitory effect of Ni and Mo in the welding wire on ferrite forma-
tion, as well as the phase transformation and microstructure evolution during multilayer welding. The weld heat-affected zone
(HAZ) exhibited a microstructural gradient: near the fusion line, the austenite grains were significantly coarsened, while in the
distant regions, the grains were refined to the base metal state. The weld microstructure was significantly directional, while the
HAZ was weakly directional, primarily consisting of equiaxed grains. The hardness of the joint decreased in the following order:
weld center, heat-affected zone, and base metal. The average tensile strength of the weld was 563 MPa, the average elongation
after fracture was 31.2%, and the average impact toughness of the HAZ was 407 J/cm?, which was higher than that of the weld
zone and the fusion line region. The corrosion resistance and stability of the weld zone were superior to those of the HAZ and

the base metal. Narrow-gap oscillating TIG welding technology is suitable for stainless steel welding, and the welded joint per-

formance of 304 stainless steel paired with 316L welding wire is excellent.

KEY WORDS: 304 stainless steel; narrow-gap; single-pass multi-layer welding; microstructure; mechanical properties
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Tab.1 Chemical composition of base metal and welding wire

wt.%
Materials C Ct Ni Mn P S Mo Si
304 0.08 19.0 94 191 0.03 0.02 — 0.75
ER316L 0.02 18.7 12.2 1.89 0.02 0.01 23 0.76
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Tab.2 Welding experiment process parameters

Number Welding Welding. 3 Wire feed. L Swing Swing B Dwell Air floyvi1
current/A  speed/(mm'min ') speed/(mm-min )  angle/(°) speed/((°)'s ) time/s rate/(L-min ')

1 170 19 700 14 24 2.5 25

2 170 19 700 14 24 2.5 25

3 170 19 700 14 24 3 25

4 160 19 770 14 24 3 25

5 160 18 770 15 24 3 25

6 150 18 800 15 24 3 25

7 150 18 800 15 24 3 25

8 150 18 800 16 24 3 25
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Fig.4 Base layer welds and heat-affected zones: a) base layer weld; b) base layer heat-affected zone

a HFTRILE

b HFER X

Kl s TFE)Z M aE K G X

Fig.5 Fill layer weld seam and heat-affected zone: a) fill layer weld seam; b) fill layer heat-affected zone
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Fig.6 Cover layer weld seam and heat-affected zone: a) cover layer weld seam; b) cover layer heat-affected zone
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Fig.8 Hardness distribution curve of 304 stainless
steel narrow-gap TIG welded joint
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Fig.9 Tensile fracture specimen: a) top region; b) middle region; c) root region
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Tab.3 Tensile properties of 304 stainless steel narrow-gap T1G welded joints

Region Yield strength/MPa  Tensile strength/MPa  Yield ratio  Cross-sectional contraction rate/%  Elongation/%
546 594 0.956 52.86 31.3
Top
563 574 0.980 48.56 30.6
545 543 0.990 43.69 31.7
Central
550 544 0.943 44.26 31.2
546 562 0.971 47.65 32.8
Root
547 560 0.976 46.98 31.9
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Fig.11 Welded joints before and after impact: a) before impact testing; b) after impact testing
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Tab.4 Comparative results of impact testing of 304 stainless steel narrow-gap TI1G welded joints in different positions

Impact location Temperature/ C tmpact toughness/(J-cm %) Mean ) Result
Sample 1 Sample 2 Sample 3 value/(J-cm %)
Weld zone 20 255 318 264 279 Qualified
Fusion zone 20 260 446 326 344 Qualified
Haz 20 477 350 394 407 Qualified
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Tab.5 Electrochemical experimental results

Self-corrosion Self-corrosion current

Zone

potential/V density/(pA-cm %)
Weld —3.419 64 3.2
HAZ —3.420 21 4.68
Base —3.686 01 5.05
4 i
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