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Abstract

Aiming at the key challenges in gearbox assembly training, including high cost,
high risk, poor process visibility, and low knowledge transfer efficiency, this paper
proposes and implements an AR-based virtual assembly system driven by digital twin
technology. Taking a cotton picker gearbox as the target object, the system is built on
a four-layer architecture of physical entity, virtual model, data service, and interactive
application. The implementation includes high-fidelity 3D model reconstruction,
explosion and restoration animation, assembly-step constraints, operation-state
visualization, and an industrial-style user interface. For teaching and training
scenarios, the system supports whole-machine display, exploded view, process
guidance, parameter interaction, and result assessment, while reserving scalable data
interfaces for future online twin applications. Experimental results show that the
system performs well in interaction stability, process standardization, cognition
efficiency, and training reusability. The study also provides a comprehensive analysis
of algorithms, performance, application value, and future evolution, offering a
practical reference for digital twin applications in manufacturing education and
maintenance.

Key words: Digital Twin; Augmented Reality; Virtual Assembly; Gearbox; Unity;

Condition Monitoring
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