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Abstract

As critical connecting components of tracks, railway bolts may become loose during operation. Is-
sues such as bolt loosening and insufficient pre-tightening force can pose serious risks to train op-
erations, necessitating regular pre-tightening maintenance. Based on the functional requirements
for automated bolt pre-tightening, this paper designs an overall solution. According to the structure
of the track, the bolt tightening and robot configuration schemes are determined. Subsequently, af-
ter completing 3D modelling, the robot kinematics are modelled, and the correctness of the model
is verified through simulation. Finally, simulation is conducted using Adams to validate the robot
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functionality. The bolt pre-tightening robot system designed in this paper will provide an important
reference for automated maintenance solutions of track bolts.
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Figure 1. Overall structure of bolt pre-tightening robot system
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Figure 2. Structure of bolt pre-tightening manipulator
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Table 1. Technical specifications of automated pre-tensioning device for track fastening bolts
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Figure 3. Finite element model of the second joint arm
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Figure 4. Stress distribution of the arm under 500 N-m load
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Figure 5. Displacement distribution of the arm under 500 N-m load
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Figure 6. Stress distribution of the arm under 700 N-m load
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Figure 7. Displacement distribution of the arm under 700 N-m load
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Figure 8. Robot kinematic coordinate system
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Table 2. The kinematic parameters of robot
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Figure 9. Simulation of robot movement process
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Figure 10. Motion displacement diagram of key parts of the robot
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