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Research status and development prospects of
laser welding under vacuum
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Abstract: Compared with conventional laser welding, the welding quality was improved significantly while the laser
welding was conducted under vacuum. The penetration depth of the weld seam increased sharply. The welding
formation was improved and the porosity defects were suppressed effectively. In recent years, numerous researches
on the mechanism of welding process, low vacuum and local subatmospheric pressure laser welding equipments
have been undertaken. The laser welding under vacuum exhibits the wonderful application prospects to weld the
thick plates in the shipbuilding, nuclear instrument and pressure vessel industries. The influences of ambient pres-
sure on the laser welding penetration depth, surface formation and porosity defect were summarized. The domestic
and overseas research findings on mechanism of laser welding under vacuum were elaborated from the aspects of
plasma plume, keyhole and molten pool behaviors. In addition, the applications of laser welding under vacuum in the
industry were introduced. Finally, the problems of reported researches were analyzed and the prospects of the
technology were discussed.
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Fig. 3 Cross-sections of laser welds in stainless steel under
vacuum (0.1 kPa)" . (a) Defocused distance of -40 mm. (b)
Defocused distance of +20 mm.

depth of laser welded aluminum alloys!'? .
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Fig. 6 Photo images of local subatmospheric equipment for laser welding!'¥ . (a) Overall image. (b) Structure image (1. local
subatmospheric module; 2. conical orifice; 3. fixed module; 4. air knife; 5. optical lens).
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Fig. 7 The characteristics of probe laser through the plasma plume. (a) Schematic diagram of equipment®” . (b) Change of spot
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Fig. 12 Laser welding equipment with vacuum chamber®. (a) Laser in vacuum manufactured by PTR GmbHE" .
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Fig. 14 Laser welding of planet wheel carrier under vacuum®® . (a) Schematic diagram of welding position. (b)
Cross-section of weld seam.
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