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Fused Deposition Modeling (FOM) is a widely used 3D printing technology
known for its cost-effectiveness and suitability for prototyping. However, limitations
such as nozzle misalignment, mechanical vibrations, and temperature fluctuations can
significantly affect the surface quality of printed parts. This study proposes a predictive
modeling approach to estimate surface roughness during the printing process using
data from three types of sensors: thermocouple (measuring temperature),
acceleromneter {(detecting vibrations), and acoustic emission sensor {analyzing sound
emissions). Six machine learning algorithms—AR, ARIMA, XGBcost, SVR, LSTM, and
RNN--were employed to develop predictive models.

Experimental results indicate that the ARIMA model is the most suitable for
temperature data, achieving the lowest RMSE of 0.16 um and a MAPE of 8.49%, with a
processing time of only 2.30 seconds. For accelerometer and acoustic emission data,
the XGBoost model demonstrated the highest accuracy, yielding RMSE values of 6.35
um and 6.58 um, respectively, with minimat processing times of 0.07-0.12 seconds.

This research hightights the potential of predictive modeling in enhancing the
FDM process by enabling real-time assessment of surface roughness. The proposed
approach can reduce material waste and improve the efficiency and quality of 3D-

printed parts, contributing to the advancement of additive manufacturing technology.
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