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Analysis of Weld Pool and Keyhole Behaviors in
Laser—-GMAW Hybrid Welding

ZHANG Haoting, WU Chuansong
(Institute of Materials Joining, Shandong University, Jinan 250061, China)

[ABSTRACT] Deep understanding of weld pool and keyhole behaviors in laser—-GMAW hybrid welding is a prerequisite
to realize process parameters optimization and practical applications in manufacturing. In this study, a mathematical model
is developed for analyzing laser—-GMAW hybrid welding process through comprehensively considering thermal and pres-
sure actions from laser and arc as well as the mass, heat and momentum delivered into weld pool by transferring droplets.
The fluid flow and heat transfer in weld pool and the dynamic behaviors of keyholes are quantitatively analyzed. The nu-
merical results show that the interaction of various forces on keyhole wall makes periodic formation of little lug at the front
and rear walls of keyholes, which causes the momentary closing and re-opening of keyhole channel. The impingement from
droplets results in a depression at weld pool surface, and this depression merges and separates with the keyhole periodically,
which enhances the instability of keyholes. There are two flow loops with reverse directions inside weld pool, and they join
at a location right below the arc.

Keywords: Hybrid welding; Laser; GMAW; Weld pool; Keyhole; Fluid flow (it »A&)
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Mircrostructure and Properties of Nano-TiN-Ni45A Composite Coatings
Prepared by Laser Cladding

WANG Cunshan ,YU Qun

(Key Laboratory of Materials Modification by Laser, Ion and Electron Beams, Ministry of Education,
Dalian University of Technology, Dalian 116023, China)

[ABSTRACT] Ni-based composite coatings with different nano-TiN additions are produced by laser cladding on
38CrMoAl substrate. The influence of nano-TiN on the mircrostructure and properties of the coating is investigated
through X-ray diffraction, scanning electron microscopy, electronic probe, Vickers hardness tester, and friction wear testing
machine. Results show that the coatings consist of y—Ni, Ni;B, M,;Cq, and TiN phases, exhibiting hypoeutectic morphologi-
cal characteristics. As the addition of nano-TiN is 5.0 %, the primary y-Ni dendrite is coarsed obviously, whose number is
increased. However, as the addition of nano-TiN is more than 5.0 %, the primary y-Ni dendrite shows decrases in size and
number with increasing the addition of nano-TiN, whose growth morphology changes from equiaxed dendrite to columnar
dendrite. Meanwhile, the number of the micron-sized TiN particle, growing in form of agglomeration, is also increased,
and its distribution becomes more uniform. For this reason, the average hardness of the coatings gradually increases with
increasing the addition of nano-TiN as a whole, and the tribological perperty is best as the addition of nano-TiN is 15%,
showing 8.7% and 32.3% decrease in friction coefficient and wear volume as compared with the coating without TiN addi-
tion, and a 7.0 % increase in average hardness.
Keywords: Laser cladding; Nano-TiN; Ni-based alloy; Microstructure
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