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EFFECTS OF GRAVITY AND VACUUM CONDITIONS ON PROPERTIES OF 3D PRINTED PARTS
BY FUSED DEPOSITION MODELING

Abstract

This study conducted experimental investigation on the effects of gravity and vacuum conditions on
properties of 3D printed parts fabricated via Fused deposition modeling on Earth. The gravity effect was
investigated by rotating the 3D printer to print parts at various angles relative to the horizon, ranging from
0-degree to 90-degree at 15-degree interval, in air, respectively. The 0-degree case represents the normal
printing condition on Earth, while the 90-degree case represents the printing condition in zerogravity. The
cases between them represent the partial gravity effect, which helps us to understand the trend of gravity
effect. The same fabrication processes were repeated in a vacuum chamber to investigate the combined
effect of gravity and vacuum. First, the dimensions of printed parts in air and vacuum were measured. The
dimensional accuracy of parts printed at different angles varies obviously, indicating the gravity plays a role
in shaping the parts. Second, the internal structure of printed parts was examined by 3D Nanometer-Scale
Computed Tomography. The geometrical difference indicates the vacuum effect on the raster structures
and interfacial bonds between layers and rasters, which in turn affects the dimensional accuracy and
mechanical properties. Third, mechanical properties such as the yield and tensile strength and elastic
modulus were measured by an MTS material testing machine. The results shows noticeable difference
between parts printed at different inclination angles and between parts printed in air and vacuum. Finally,
statistical analyses were conducted to reveal Process-Structure-Property (SSP) relationship to understand
how environment (gravity and vacuum) and process parameters affect the microstructure and subsequently
the properties of printed parts, providing valuable insights for optimizing the FDM process to achieve
desired properties of in-space 3D printed parts.
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