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Table 1 Chemical composition of base metal and filler wire (mass fraction)

%

g C Mn Si Ni Cr Mo Y, Fe
4 | 0.28~0.33 | 0.7~1.0 | 1.4~1.7 0.25 1.0~1.3 | 0.4~0.55 | 0.08~0.15 | 4vi&
ez | 0.08~0.12 | 0.9~1.1 | 1.1~1.3 | 1.8~2.0 | 1.4~1.6 | 0.4~0.6 | 0.05~0.15 | A&
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Fig.6 Characteristics of CMT welding electrical signals under different laser powers
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Process Stability and Formation Quality Analysis of Laser—CMT Hybrid
Welding for Aerospace Ultra-High Strength Steel

ZHANG Yuhui', WANG Changjian’, XIONG Ran’, ZHANG Ke'
(1. Shanghai Jiao Tong University, Shanghai 200240, China;
2. Xi’an Aerospace Power Machinery Co., Ltd., Xi’an 710038, China)

[ABSTRACT] Laser—CMT (cold metal transfer) hybrid welding can increase penetration depth, enhance efficiency, and
improve weld formation, yet the laser power is crucial for weld formation and process stability. In this study, high-speed
imaging and electrical signal method were employed to investigate the weld formation and process stability during laser—
CMT hybrid welding of a 6 mm medium-thick aerospace ultra-high-strength steel plate. The results show that the addition
of laser shortens the droplet short-circuiting process, prolongs the boost and waiting times, and the droplet diameter slightly
increases with laser power, yet the transition frequency remains essentially unchanged at 97 Hz. As laser power increases,
the frequency of current instability increases, affecting the stability of the welding process. Analysis indicates that during
the detachment and boost phases, the impact force of the droplet and the arc pressure impact and squeeze the keyhole,
which is the main cause of keyhole instability. When the laser power is at 5000 W, the keyhole is fully penetrated, and the
metal vapor force maintaining keyhole stability maintains a dynamic balance with the droplet impact force and arc pressure,
resulting in the best formation with a porosity rate only 0.14%. However, when the power is increased or decreased, the
formation deteriorates and porosity defects increase.

Keywords: Ultra-high strength steel; Laser—CMT hybrid welding; Droplet transfer; Process stability; Porosity
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