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Abstract

Computed Axial Lithography (CAL) represents a significant advancement in the emerging field of
Volumetric Additive Manufacturing (VAM). CAL addresses key limitations of traditional photopolymer
additive manufacturing technologies, such as the need for layering and support structures. Unlike conven-
tional methods, CAL achieves this by illuminating all points within a desired geometry simultaneously,
using tomographic reconstruction to form the object in a single step. This unique approach eliminates
the relative motion between the object and the precursor material, enabling faster printing speeds and
reducing the waste associated with support structures. CAL’s core attributes make it particularly suited
for In-Space Manufacturing (ISM), where minimizing Size, Weight, and Power (SWaP) is critical. The
technology can be fully contained during its operation, supports a broad range of materials—including
silicones, methacrylates, and biogels—and can complete the manufacturing of parts in under a minute.
However, as with other resin-based additive manufacturing techniques, post-processing steps are necessary
to remove excess resin and fully solidify the printed parts to achieve optimal mechanical properties. These
steps typically involve washing the part with a solvent and curing it with light. CAL has been successfully
demonstrated in microgravity during parabolic flight experiments, where parts were formed and partially
post-processed in separate payloads. To fully validate and understand CAL’s behavior in microgravity, all
manufacturing and post-processing steps must be integrated. This was achieved during ”SpaceCAL Mis-
sion 3,7 a suborbital spaceflight conducted in June 2024. During this mission, a flight-hardware version of
CAL manufactured and post-processed parts in a continuous microgravity environment on a spacecraft.
Beyond its immediate applications, the flight-hardware version of CAL serves as a valuable benchmark
for comparing other ISM technologies and evaluating mission SWaP requirements.



