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Development and application of FDM additive manufacturing system based on digital twin technology
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Abstract : Digital twin-driven additive manufacturing systems play a crucial role in print quality control and process optimisa-
tion. Addressing the problems existing in additive manufacturing equipment, such as long commissioning cycles, excessive material
waste, low visualization degree during the printing process, and high cost for parameter verification, a digital twin-driven additive
manufacturing system solution was proposed. Employing a multidisciplinary collaborative design methodology, mechatronics
concept designer platform was utilised to construct digital twin models by combining virtual-physical synchronization and mutual
mapping strategies. This enables the unified modelling of motion control logic, motion trajectories, and printing processes, thereby
facilitating the optimisation of control parameters and process paths within the virtual environment. Secondly, long short-term
memory (LSTM) temperature prediction model was proposed to optimise temperature control of the print head during fused deposi-
tion modeling (FDM) additive manufacturing, which can enhance the precision and stability of the printing process, providing data
support for process parameter adjustments and early warning of abnormal operating conditions. Finally, taking a nylon material addi-
tive manufacturing system under FDM process as an example, equipment commissioning and printing process validation were
completed in a virtual environment. When the input sequence length is 60 seconds, LSTM model achieve an accuracy assessment
score of mean absolute error of 0.296 7 and coefficient of determination of 0.934 1, demonstrating that the constructed digital twin-
driven additive manufacturing system exhibits high reliability in temperature prediction and print quality control. Furthermore, it is
adaptable to similar additive manufacturing equipment, possessing significant practical value.

Keywords : mechatronics concept designer ; digital twin ; virtual commissioning ; additive manufacturing ; long short-term
memory
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