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Abstract

To address the issues such as the long on-site debugging time of physical production lines in flexible
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manufacturing, potential collisions between equipment, and the difficulty of offline testing of con-
trol systems, this paper conducts a research on virtual debugging based on digital twin technology
on the SimReal intelligent manufacturing and robot process simulation platform. This research in-
tegrates four technologies: robotic parametric modeling, servo drive of motion units, production
line process flow configuration, and PLC virtual joint debugging. It completes the construction and
motion calibration of robots, the programming control of moving components, the design of the en-
tire production line and the production process, and realizes functions such as communication be-
tween PLC and the simulation environment, as well as offline debugging. The test results show that
the motion constraints of the established system are reasonable, the production line operates well,
and the control logic is correct and reliable. This system can greatly reduce on-site debugging time,
avoid equipment interference and program errors, and can be used for the digital design and offline
debugging of similar flexible production lines.
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Figure 1. System technical route flowchart
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Figure 2. Schematic diagram of the four-layer digital twin architecture of intelligent manufacturing production line
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Figure 3. Robot modeling experiment process
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Table 1. Parameter table for Modified DH six-axis industrial robot
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Figure 4. Modeling structure of the three-axis motion component
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Figure 5. Overall design of intelligent manufacturing production line
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Figure 6. Process flow editor and flow lines
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Figure 7. PLC virtual debugging architecture and variable pairing interface
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Figure 8. Flowchart of PLC logic judgment for material detection on the production line
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