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Abstract

To implement full automation in pipe welding, it is most important to develop special sensors
and their related systems which act like human operator when detecting irregular groove
conditions. In this study, an automatic pipe Gas Metal Arc Welding (GMAW) system was
proposed to full control pipe welding procedure with intelligent sensor systems.

A five-axes manipulator was proposed for welding torch to automatically access to exact
welding position when pipe size and welding angle were given.

Pool status and torch position were measured by using a weld-pool image monitoring and
processing technique in root-pass welding for weld seam tracking and weld pool control. To
overcome the intensive arc light, pool image was captured at the instance of short circuit of
welding power loop. Captured image was processed to determine weld pool shape. For weld
seam tracking, the relative distance of a torch position from the pool center was calculated in
the extracted pool shape to move torch just onto the groove center. To control penetration of
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root pass, gap was calculated in the extracted pool image, and then weld conditions were
controlled for obtaining appropriate penetration. Welding speed was determined with a fuzzy
logic, and welding current and voltage were determined from a data base to correspond to the

gap.

For automatic fill-pass welding, the function of human operator of real time weld seam control

can be substituted by a sensor system. In this study, an arc sensor system was proposed based

on a fuzzy control logic.

Using the proposed automatic system, root-pass welding of pipe which had gap variation was

assured to be appropriately controlled in welding conditions and in torch position by showing

sound welding result and good seam tracking capability. Fill-pass welding by the proposed

system also showed very successful result by tracking along the offset welding line without any

control of human operator.
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Fig. 1 Pipe welding system
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Table 1. Specification for pipe welding equipment

Pipe Diameter 50~600 mm
Pipe Thickness 3.4~14 mm
Groove Angle 60
Root Gap 3~5 mm
X-axis Stroke 600 mm
Y-axis Stroke 500 mm
Z-axis Stroke 200 mm
Torch Angle 15~90°
Camera Angle -35~20°
Welding Position Angle 45~%r
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Table 2. Suggested welding conditions for
producing good back-bead shapes

Gap size, mm | Speed, mm/sec | Current, A|Voltage, V
2.0 2.4 190 20
2.5 2.2 185 20
3.0 2.1 180 20
3.5 1.8 175 19
4.0 1.7 170 19
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