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Abstract

A manufacturing experimental platform integrates PLC/CNC control, spindle drive, coordinate-axis
feed systems, fixtures and tool-changing mechanisms, and field sensor systems, and its operation in-
volves both discrete events and continuous monitoring variables. To address the problems of diverse
monitoring information sources, complex fault types, and the limited capability of conventional thresh-
old-based alarms to describe fault causal hierarchies and propagation processes, a fault diagnosis
method combining fault tree analysis and fuzzy Petri nets is proposed. First, a mapping relationship
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among monitoring data, abnormal manifestations, and fault types is established based on PLC/CNC sta-
tus, S7 communication, RS485 data, spindle current, coordinate-axis position and error information,
and fixture feedback. Then, a fault tree model is constructed and converted into an FTA-Petri net ac-
cording to logic-gate conversion rules. Finally, fuzzy membership degrees, rule weights, transition
thresholds, and fault confidence levels are introduced to perform reasoning for uncertain abnormal
information. The proposed model can describe the propagation of underlying abnormal events to in-
termediate faults, subsystem faults, and system-level faults, providing a modeling basis for fault alarm,
fault localization, and maintenance recommendations.
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Figure 1. Fault diagnosis objects and information relationships of the manufacturing experimental platform
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Table 1. Mapping between acquired data and faults in the manufacturing experimental platform
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Figure 2. Conversion rules from fault tree logic gates to Petri nets
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Figure 3. Fault tree model of the manufacturing experimental platform
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Figure 4. Overall FTA-Petri net model of the manufacturing experimental platform
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Figure 5. Membership functions of typical monitoring variables
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