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Abstract of Thesis

In order to suppress weld defects and improve the weld bead formation, paraxial hybrid
keyhole plasma arc welding and gas metal arc welding (KPAW-GMAW) process was proposed, in
which the plasma torch was located at the leading direction, and the GMAW torch was located at
the rearing direction. During the hybrid KPAW-GMAW process, a deep keyhole was formed under
the plasma arc, and the bead formation can be effectively improved by GMAW.

Some fundamental phenomena related to the weld pool convection, keyhole behaviors and
energy propagation in the KPAW process were firstly investigated, then the interactive
phenomena of the arc, droplet, keyhole and weld pool in the hybrid KPAW-GMAW process were
analyzed.

The interesting phenomenon that the weld pool temperature was relatively low in the KPAW
process was explained. The much high arc pressure and plasma shear stress promoted the fluid
flow and energy transportation, thus a large weld pool was formed, leading to a low weld pool
temperature distribution in the KPAW process.

The keyhole formation mechanisms in the KPAW process were revealed. The arc pressure
was more dominant for the keyhole formation, and the plasma shear stress facilitated the fluid
flow along the rear keyhole wall and decreased the curvature of the keyhole. Both the pressure
balance and mass conservation mechanisms contributed to the blasting penetration. The material
properties had great influences on the blasting penetration. Low melting temperature, low
surface tension and bottom surface deformation facilitated the blasting penetration, while high
thermal conductivity inhibited it.

The interesting phenomenon that the energy efficiency was relatively low in the KPAW
process was explained. In the KPAW process, the arc size was large, and the arc temperature was
high, so the conduction energy loss and radiation loss of the plasma arc were high. The keyhole
formation can’t increase the energy absorption, and 11.5% of the arc energy were lost by the efflux
arc. As a result, the energy efficiency for heating the anode was decreased.

Owing to the formation of a direct current path between the KPAW cathode (tungsten
electrode) and GMAW anode (welding wire) in the peak current stage, the ionized PA was
extended to the GMA side. The wire extension length was shorter, and the arc length was larger
in hybrid KPAW-P-GMAW in comparison with P-GMAW. The metal vapor from the keyhole had a
minor influence on the droplet transfer, while the Lorenz force promoted the droplet transfer. The
stable OPOD mode can be obtained in the hybrid KPAW-P-GMAW.

In the hybrid KPAW-GMAW process, the Marangoni force and arc shear stress contributed to
the appearance of “Pull-Push” flow pattern on the top surface of the weld pool between the two
arcs. The droplet impingement had minor influence on the “Pull-Push” flow pattern. However,
without the droplet impingement, few molten metals were transported from the region near the
GMAW arc to the region near the KPAW arec.
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