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Design of Motion Planning Algorithm for 3D Seam Tracking of Laser Welding Robot

At present, in the field of robot seam tracking, many methods use the Eye-in-hand structure.
However, the welding seams of metal sheet workpieces often contain complex three-dimensional structures,
which can cause the camera to lose sight of the targets during welding due to robot pose issues. Therefore,
a set of robot motion planning algorithms are designed to address the challenges of sampling attitude and
welding attitude planning in the 3D welding seam tracking process. Firstly, a dynamic trajectory planning
method based on Non-Uniform Rational B-Splines (NURBS) is employed to generate weld trajectories and
optimize them for smoothness. This approach avoids sudden changes in trajectory points in spatial position
due to local special-shaped structures or textures of the workpiece, reducing fluctuations in attitude
planning results. Secondly, to ensure that the sensor can continuously sample the welding seam during the
welding process and maintain the welding head in an appropriate attitude, a feedforward attitude planning
algorithm based on the preset trajectory is adopted. In batch welding processes, the expected route of the
welding trajectory is predetermined through CAD files or by teaching one of the workpieces. The Tool
Center Point (TCP) pose is predicted at each trajectory point by calculating the intersection between the
reference sphere of the robot's current position and the preset trajectory. Finally, tracking experiments are
conducted on the 3D welding seam. The experimental results demonstrate that the proposed method
enables effective tracking welding for three-dimensional welding seams of metal sheets. Under a linear
speed of the robot end effector of 20 mm/s, the average tracking error for the three-dimensional workpiece
is controlled within 0.3 mm, which meets the tracking requirements of metal sheet three-dimensional
welding seams.
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