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Error compensation method for 3D printing of curved conformal
circuits based on-machine measurement
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Abstract: Surface conformal circuit based on the 3D printing technology has broad application prospects. However, due to the influence
of machining errors in curved substrates and positioning errors in conductive circuits, it is difficult to accurately control the height of the
3D printing head for surface circuits, which affects printing accuracy. Therefore, this article takes pneumatic direct writing printing as
the research object and proposes a print head height error compensation method of “on machine measurement + line model
reconstruction”. A curvature adaptive measurement point selection method is designed, which uses the inverse NURBS curve algorithm
to reconstruct the measurement data and restore the real line model. By generating the print trajectory of the real circuit and replacing the
original theoretical print trajectory, the print head height error is compensated. A 3D printing platform for surface conformal circuits is
established independently by integrating with an on-machine measurement system. A comparative experimental plan is also designed on
circuit printing before and after compensation with three shapes of circuits; straight lines, arcs, and NURBS-free curves. The results
show that before compensation, in areas with high line curvature, the wire drawing phenomenon occurs at the peak of the line on the
substrate,, and the stacking phenomenon occurs at the valley of the line. The wire width after compensation is relatively uniform. Further
measuring the resistance of each wire shows that the resistance values of each line fluctuated significantly before compensation, and the
resistance values of the compensated circuit are uniform, with an average decrease of about 65.99% compared to before compensation,
and a maximum resistance decrease of 85.75%.
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Fig. 1 Compensation method for 3D printing error of curved surface conformal circuit
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Table 1 Mean value and standard deviation of two groups of conductors widths
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Fig. 8 Wire width variations before and after compensation
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Table 2 Measurement results of two sets of wire resistance
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1 HFLHQ 0. 856 3.245 0. 824 0. 892 0.902 4.519 0.922 0.935 4. 946 2.005
52 HSLHFE/Q 0. 648 0. 632 0. 676 0. 679 0. 685 0. 694 0.721 0. 699 0. 705 0. 682
FiL R 1/ % 24.30 80. 52 17.96 23.88 24.06 84. 64 21.80 25.24 85.75 65.99
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