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Abstract

This study aims to establish the relationships between the process parameters, mesostructural
features (interlayer neck and void sizes), and the fracture resistance of 3D printed parts. The
proposed method enables the decoupling of bond quality and mesostructure effects on the overall
fracture behavior. Double cantilever beam specimens of acrylonitrile butadiene styrene (ABS)
were designed, printed, and fracture tested. The apparent fracture resistance (Jc.a), the interlayer
fracture resistance (Jc,i), and the microstructure were characterized. The fracture results and the
microscopic examinations indicate that Jc.a is strongly correlated with the process parameters
through both the interlayer adhesion as well as the mesostructure. Nozzle and bed temperatures
and layer height were found to have significant effects on the fracture behavior. For instance, the
Jea increased by 38% with a 20 °C increase in the nozzle temperature. This originated from 15%
increase in the interlayer fracture resistance and 23% increase in the actual fracture surface area
(interlayer neck size). The quality of interlayer bond was explained in terms of temperature,

pressure, and time of the process. This work quantifies the relationships between the printing
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