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Abstract

The reliability of miniaturized propulsion systems is essentially dependent upon the structural in-
tegrity and manufacturing quality of critical parts, including: propellant tanks, thrusters, valves, and
feed lines. Micro-scale defects, including porosity, fractures, inclusions, and inadequate weld fusion, can
profoundly impact the system performance, alignment precision, and mission safety. As propulsion hard-
ware is progressively downsized and utilizes precise laser welding and additive manufacturing techniques,
traditional inspection methods are inadequate for assuring internal integrity. This study introduces an
in-depth non-destructive evaluation (NDE) framework for high-precision micro-propulsion systems utiliz-
ing highly advanced X-ray radiography and spectral photon-counting computed tomography (SPCCT).
A 10 mN-class laser-welded CubeSat thruster and the related propulsion components were examined uti-
lizing digital radiography and multi-energy SPCCT. The methodology encompassed controlled sample
position, acquisition across several X-ray energy bins, projection reconstruction, artifact correction, and
volumetric analysis. Energy-dependent imaging was utilized to enhance the visibility of weld penetra-
tion, the detectability of internal defects, and the contrast at interfaces. The reconstructed information
facilitated both qualitative and quantitative assessments of weld continuity, internal porosity, channel
integrity, and geometric conformance in relation to nominal design requirements. The findings indicate
that multi-energy SPCCT significantly improves the visibility of interior features relative to traditional
CT methods. The intermediate energy ranges provided an ideal equilibrium between material penetration
and contrast, facilitating clear observation of weld boundaries and internal flow pathways. No significant
internal voids, fusion deficiencies, or quantifiable misalignment were observed in the examined assemblies.
The volumetric imaging method facilitated the evaluation of internal coaxial alignment and dimensional
stability—critical criteria for ultra-low-thrust micro-propulsion systems, where sub-millimeter deviations
might affect thrust vector precision. This study demonstrates that spectral photon-counting CT is an ef-
fective non-destructive evaluation method for CubeSat propulsion systems. The proposed framework uses
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energy-resolved imaging and enhanced contrast sensitivity to facilitate accurate evaluation of welded and
additively constructed micro-propulsion components. This technique enhances quality assurance method-
ologies for next-generation small satellite propulsion systems and establishes a basis for standardized
inspection protocols designed for micro-scale space hardware.
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