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Abstract: To achieve precise connections of ultra-thin, narrow-spaced TA1 thermal insulation cup plates, this study de-
signed and built a laser welding device based on a rotary positioner system, and carried out welding experiments to analyze
the effects of process parameters such as laser welding power and welding speed on the microstructure, microhardness, and
mechanical properties of welded joints. Results indicate that laser power and rotary positioner speed significantly impact
welding quality. At low laser power (600 W) or high rotary positioner speed (11~13 r/min), low welding heat input reduces
molten pool fluidity, causing uneven microstructure distribution and shallow penetration. Conversely, high laser power
(1 200~1 350 W) or low rotary positioner speed (3~5 r/min) increases heat input, leading to significant joint deformation, a
wide heat-affected zone, and porosity defects. Comprehensive analysis of welded joints under different parameters via ste-
reoscopic microscopy, metallographic examination, and pull-off force tests reveals optimal parameters: a laser power of 1
050 W and a rotary positioner speed of 7 r/min. Under these conditions, the joint forms well, with symmetrical inner and
outer wall structures, no porosity defects, and peak average and minimum pull-off forces of 1 415 N and 1 343 N, respec-
tively. The optimized process significantly enhances the accuracy and quality of titanium welding, offering a theoretical ba-
sis and reference for the efficient, high-quality manufacturing of pure titanium thermal insulation cups.
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Table 1 Chemical composition of the TA1 lamina (wt. %)

Ti Fe C N O H
Atk 0.035 0.011 0.002 0.039 0.001
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Fig.1 Rotary positioner system
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Fig. 2 The appearance of non-standard test samples for the pull-off

force test of the welding joint at the mouth of the thermal insulation cup
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Fig.3 Photos of weld joint formation at different laser power levels
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Fig. 4 Metallographic structure photos of welded joints at different la-

ser power levels
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Fig. 5 Average and minimum pull-out forces of welded joints at

different laser power levels
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Fig. 6 Photos of welding joint formation at different rotational speeds
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Fig. 7 Metallographic structure photos of welded joints with different

rotational speeds of the positioning system
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Fig. 8 Average and minimum pull-out forces of welded joints with

different rotational speeds of the positioning system
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