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Abstract: In recent years, laser melting deposition (LMD) additive manufacturing technology has emerged as an ideal
near-net-shaped forming method for metallic materials because of its high shaping flexibility, high processing efficiency,
and excellent material utilization rate. 304 stainless steel, renowned for its superior corrosion resistance, heat resistance,
low-temperature strength, and mechanical properties, is widely applied across various industrial sectors, such as petroleum,
nuclear energy, chemical engineering, and aerospace. For geometrically complex 304 stainless steel components requiring
monolithic fabrication, traditional manufacturing methods often face significant challenges, whereas laser melting deposition
technology provides a novel solution. On the basis of an extensive review of the literature, this paper summarizes major
research advancements in LMD of 304 stainless steel both domestically and internationally. The microstructural
characteristics and mechanical properties of LMD-fabricated 304 stainless steel are analysed first. The improvement effects
of the ultrasonic field on the microstructure and performance of LMD-processed 304 stainless steel are subsequently
investigated. Finally, the current limitations in LMD research on 304 stainless steel are discussed, with perspectives
proposed for developing innovative process technologies and advancing comprehensive experimental studies.
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Fig.2 Microstructure of a 304 stainless steel thin-walled structure: (a) bottom-low magnification; (b) bottom-high magnification;
(¢) top-low magnification; (d) top-high magnification! ')
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Fig.3 Effect of the scanning speed and sampling position on the element distribution and morphology of the cladding layer: (a) Fe/Cr
element ratio at different sampling points under various scanning speeds; (b~f) microstructure and EDS analysis results along the height
direction (1 mm interval) from bottom to top at a scanning speed of 10 mm/s?"
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Fig.4 EBSD maps: (a) XOY plane; (b, ¢) XOZ plane®”
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Fig.5 Microstructure of LMD 304 stainless steel under different laser powers and scanning speeds: (a) 2 700 W, 13 mm/s;
(b) 2500 W, 13 mm/s; (c) 2 500 W, 7 mm/s; (d) 2 500 W, 16 mm/sP

6 () () , () =
Fig.6 Pore apparition prediction according to the molten time (left) and the shrinking cavity probability (center), and the analysis of the
real cross section (right) where the detected pores are highlighted™!
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Fig.7 Microhardness: (a) microhardness detection position; (b) test results!*!!
8 :(a) ;(b) 5(c) el

Fig.8 Fracture morphology of the static tensile sample: (a) overall morphology; (b) local morphology at the center of the fracture;

(¢) local morphology near the edge of the fracture™!
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Fig.9 Schematic diagram of ultrasonic micro-forging®”
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Fig.10 Hardness comparison between treated fabrications at different powers: (a) 600 W; (b) 800 W; (¢) 1 000 W
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Fig.11 OM of 304 stainless steel: (a) before micro-forging; (b) after micro-forging!!
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Fig.12 SEM image of 304 stainless steel: (a) before micro-forging; (b) after micro-forging!!
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Fig.14 Inverse pole figure (IPF) orientation maps at different positions along the build direction: (a) DED (top); (b) DED (middle);
(c) DED-UIT (top); (d) DED-UIT (middle); () aspect ratio for different samples™’)

15 304 01 16 304 1501
Fig.15 Comparison of the microhardness of 304 stainless steel Fig.16 Engineering stress-strain curves of 304 stainless steel
before and after ultrasonic impact?®” plate samples before and after ultrasonic impact™”
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Fig.17 EBSD grain boundary distribution maps: (a, b) as-deposited and UIT-treated 304 stainless steel samples; (¢, d) KAM maps of
untreated and treated samples; (e) scatter plot of microhardness values for as-deposited and UIT-treated samples; (f) residual stress
distributions of o, o, and o, in the UIT-treated as-deposited sample™
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