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Abstract: This study investigates the discoloration of as-welded titanium pipes using gas tungsten arc
welding (GTAW) in accordance with the NORSOK standard M601:2016, which provides guidelines for
welding and inspecting titanium piping. A key focus of this research centers on the precision of visual
inspections, particularly when employing a borescope to examine the root weld within the pipe. The principal
objective is to establish a standardized reference table for evaluating the discoloration of as-welded titanium
pipes at the root, considering both visual inspections conducted with and without a borescope. The GTAW
process was conducted under controlled conditions by deliberate manipulation of oxygen concentration in the
Argon atmosphere, ranging from 50, 100, 300, to 700 parts per million (ppm). Furthermore, travel speed was
regulated to create variations in heat input. A comparative analysis was conducted, contrasting images
obtained inside the pipe using a borescope with images of the root after a lengthwise cut. The findings reveal
that the images captured through the borescope exhibit darker shading; however, this divergence does not
compromise the quality of interpretation. Notably, oxygen concentrations exceeding 100 ppm led to significant

discoloration, rendering the material unsuitable for use at any travel speed.

Keywords: Titanium grade 2 pipe; oxygen concentration; discoloration; GTAW,; borescope
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(1)

1% (Heat Input) Ny lunmsibausi

Welding
Time Heat Input
Speed joint Pasition Speed
(min) (kJ/mm)
{mm/min)
1L Root Pass 4.22 44.88 0.50
(50 ppm) Cover Pass 3.14 60.32 0.51
2L Root Pass 4.34 43.64 0.51
(100 ppm) Cover Pass 3.21 59.01 0.52
Low
3L Root Pass 4.28 44.25 0.51
Welding
(300 ppm) Cover Pass 3.39 55.87 0.55
Speed
4L Root Pass 3.16 59.94 0.37
(700 ppm) Cover Pass 2.55 74.28 0.41
5L Root Pass 3.29 57.57 0.39
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(50 ppm) Cover Pass 3.00 63.14 0.49
2H Root Pass 3.14 60.32 0.37
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