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Abstract

Online leak sealing refers to industrial industries that require continuous production,
such as the power industry and the chemical industry. In order not to affect production, a
technique is adopted to repair pipeline leaks with special equipment under pressure. There
are many methods and tools involved in the online leak sealing. The changes in the actual
situation on site and the characteristics of the leak have a great impact on the selection of
the implementation plan. When manual repairing is used traditionally, the field operators
need to have rich experience and sufficient on-site strain ability, otherwise improper
operation is likely to lead to serious operator injuries or device damage.

Aiming at this special task and the above problems, this paper designs and
implements a remote operation robot for online leak sealing tasks in power plant scenarios.
The purpose is to use this robot to replace traditional operators to enter the field. On the
one hand, it can keep operators away from the leaking field, reducing the risk of injury and
death; secondly, the use of robotics technology can improve the quality and efficiency of
this task; finally, through the modular design, this robot can be flexibly switched between
different plugging technologies, which improves its application Extensive and universal.
The main research contents and work of this subject are as follows:

(1) Aiming at the leakage of some high-temperature water pipelines in Haimen Power
Plant, a mobile manipulator robot combining a crawler platform and a six-degree-of-
freedom manipulator was designed. The robot is equipped with sensors such as thermal
cameras and stereo cameras for leak detection, pipeline modeling and leak location;
multiple actuators at the end of the manipulator are used to perform leak location and
sealing operations. At the same time, in order to facilitate observation and operation, this
paper also designed a visualization software for remotely controlling the robot to enter the
scene to complete the operations of observation, positioning and sealing.

(2) The paper also designed a three-dimensional reconstruction method for leaking
pipelines. By manually marking the positions of the operating pipelines and leaking points
on the two-dimensional image, the depth information extraction of the marked pixels on
the two-dimensional image was performed. Finally, the least square method is used to
eliminate the noise points that are far from the center and reconstruct the three-dimensional
pose of the pipeline in the coordinates of the manipulator. This method enables the robot to
identify and mark the location of the leak under human experience, which is an important

basis for the automated operation of an online leak sealing robot.
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(3) A large number of experiments and debugging of the online leak sealing robot
were performed at the simulated leaking field of Haimen Power Plant. For the problems
occurred in this process, some targeted measures were taken to improve the robot's actual
leak-sealing process efficiency and practicality. Under the remote control of the operator,
the entire online leak sealing robot can complete a series of tasks such as entering the site,
observing the pipeline, and repairing the leak, which proves the effectiveness of the robot.
The online leak sealing robot designed in this paper belongs to the first experimental
prototype in this field at home and abroad, and is suitable for promotion in the industrial
industry with related requirements. It has certain guiding significance for the future
research and design and realization of similar automatic operation of online leak sealing
robots.

Keywords: Online Leak Sealing; Special type robot; Mobile manipulator; Remote

operation; 3D reconstruction of pipeline;
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