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This paper investigates the weld pool thermal cycles and resulting metallurgical properties during hyperbaric Gas Metal Arc
Welding from 1 to 200 bar. The results indicate that the weld pool cooling time decreases with increasing pressure because of
the higher chamber gas density. But this effect is outweighed by the material thickness, suggesting that heat conduction
dominates convective losses to the chamber gas environment. The metallurgical characteristics show that the weld bead
geometry, particularly the weld penetration depth, depends sensitively on the pressure. High peak hardness was measured at
the heat-affected zone of X65 pipeline steel welds for all pressures investigated.

INTRODUCTION

The currently employed hyperbaric welding system, such as the
Pipeline Repair System (PRS), is a diver-assisted, semi-automated
Gas Tungsten Arc Welding (GTAW) process, which is implemented
at a relatively shallow water depth (Richardson et al., 2010).
Operations such as welding head installation and fine alignment
and abutment of the pipeline joints are performed manually in such
a process. These factors are critical for successful welding. Due to
safety considerations, human intervention beyond 180 m depth is
not permissible. In addition, the GTAW process becomes relatively
unstable at depths ≥ 300 m (Richardson et al., 2010). According to
Richardson et al. (2010) and Woodward (2006), attention is moving
to a fully automated or diverless operation called the Remote
Pipeline Repair System (RPRS) for operations deeper than 180 m.

The proposed Remote Pipeline Repair System (RPRS) utilizes
the Gas Metal Arc Welding (GMAW) process, which did not
exhibit pressure-dependent process limitations (Fostervoll et al.,
2011; Woodward, 2009; Woodward, 2006; Woodward et al., 2005;
Woodward et al., 2007a). The procedure development and quali-
fication were performed at the Cranfield University hyperbaric
chamber with operational capability of 250 bar pressure (Marino
et al., 2004). The effect of ambient pressure on the arc, weld
pool characteristics, and resultant mechanical properties during
hyperbaric GMAW has been reported (Richardson et al., 2010;
Richardson, 1993; Richardson et al., 2002; Woodward et al., 2008;
Woodward et al., 2007b). Azar, Fostervoll, and Akselsen (2012)
and Azar, Woodward, et al. (2012) recently performed studies of
the prediction of the thermal cycles and the statistical analysis
of the arc behaviour during hyperbaric GMAW, respectively. The
work by the former was done at relatively lower pressures, and the
thermal cycles measured were at the heat-affected zone (HAZ)
since the peak temperatures indicated were below the temperature
of the melting point of the steel material used.
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There were no reported works concerning the empirical determi-
nation of the influence of the hyperbaric chamber gas pressure on
the weld pool cooling rate and the resultant metallurgical phase
formation. Understanding the weld pool cooling rate is a critical
factor governing the resultant weld microstructure and mechanical
properties. This study investigates the weld pool thermal cycles and
resulting metallurgical phase formation in hyperbaric GMAW at
different chamber pressures up to 200 bar.

The main objectives are as follows:
• To determine the weld pool thermal cycles and cooling times

at different chamber gas (argon) pressures.
• To establish whether there is a relationship between the ambient

chamber pressure and the weld pool cooling time for the different
material thicknesses tested.

• To correlate the effect of the weld pool thermal cycle with the
weld macrostructure and hardness distribution.

This research will provide an understanding of the influence of
the habitat gas pressure, pipeline thickness, and heat input on the
overall weld pool cooling rate and resulting metallurgical phases in
the hyperbaric GMAW process. The potential presence of water
vapour inside the welding habitat during production hyperbaric
welding could lead to moisture pick-up by the weld pool. Therefore,
accurate determination of the weld pool cooling rate is important
to understand the possibility of hard metallurgical phase formation
such as martensite and the corresponding susceptibility to hydrogen-
assisted cracking.

EXPERIMENTAL PROCEDURE

Materials

Two different grades of steel were used for this experiment. They
were 25 mm-thick sections of seamless X65 pipeline steel and 5
mm-thick sections of mild steel. The chemical compositions are
given in Table 1. The welding wire used was metal-cored ESAB
Core-Weld HBQ with a nominal diameter of 1.0 mm. The as-
deposited chemical composition is given in Table 2. The chamber
was filled with pure shield argon (100% Argon). No additional
shielding gas was used.




