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Introduction

Workflow: Did the Robot Fill Inside the Lines?
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damentally different (Figure 1). Each
deposited bead is molten metal, so
heat, overlaps, and corners can drasti-
cally alter the final geometry.’

7 N ® The surface comparison used 2,870 measurements and is corrected
e Different toolpatzhs can lead to better / for build-plate tilt.
deposition quality: Fig. 1. WAAM vs FDM Process. —_— \| g e Zigzag-contour placed 53.8% of the measured area within = 2
— S , O mm, compared with 15.9% for contour. Underbuild fell from 81.6% to

MethOdS = \\ .,,/// 4.1% while overbuild increased from 2.5% to 42.1%, showing that the

new route replaced most missing material with excess material.
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4) Hilbert Curves 5) Connected Fermats®  6) Zigzag-contour ¢ These results iqdicate that toolpath topology and process parame-
ters must be calibrated together. Path spacing, contour oftsets, bead

overlap, corners, and local heat accumulation can each introduce sys-
tematic geometric error.

Fig. 2. Toolbox sample.

* We created WAAM-Work, a python-based software tool that Fig. 5. Example toolpaths, selected patterns studied below (dashed box)
converts a 3D model into robot toolpaths. It controls the scan
strategy, layer height, bead spacing, boundary offsets, path

nolificati it * The blue toolpaths generally use fewer cating these errors and guiding toolpath-specific parameter refinement.
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