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Simulation study on body—end effector reachable workspace of the

hazard elimination robot in underground tunnel construction
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Abstract: To address the reachability limitations between the robot body and end-effector in underground
cavern hazard elimination operations, this study proposes a simulation analysis method integrating multibody
kinematics and environmental perception. By designing an enhanced ant colony algorithm incorporating obstacle
inflation and dynamic safety distance heuristic functions, kinematic constraint equations for a 6-DOF robotic
arm were established. A virtual prototype and 3D simulation scenario were constructed to resolve the reachable

workspace of the robot in confined spaces. Results demonstrated that the improved algorithm successfully avoids
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all obstacle zones (robot width: 1.5m + safety margin: 0.2m) with only 17.8% path length increase. The end-

effector achieved a maximum horizontal working area of 30.17m” and vertical working range of 1.71-8.35m,

while maintaining a single-planning cycle time of 321ms, fulfilling real-time hazard elimination requirements.

These findings provide theoretical foundations for the design of underground cavern hazard elimination robots.

Key words: underground tunnel construction; hazard elimination robot; reachable workspace; kinematics;

virtual simulation
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Fig.1 Single obstacle zone
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