Project Summary 4645.0812 NASA-SIRIUS
Contract No. NNX12CF40P

[bookmark: _Toc332122173]PROJECT SUMMARY

To address NASA’s need for compact nondestructive evaluation (NDE) of the structural integrity of spacecraft components and structures, Physical Optics Corporation (POC) proposed and developed a Structural Integrity Inspection and Visualization System (SIRIUS), based on acquiring two-dimensional images of Compton-scattered hard X-ray radiation produced by multiple slices of the object, with subsequent three-dimensional reconstruction of the inspected structure for high-resolution (~0.5 mm) detection and localization of defects. This approach incorporates the POC-developed innovative X-ray Compton Imaging Tomography technique (patent pending) and patented X-ray imaging optics with high spatial resolution and a wide field of view, enabling it to meet NASA’s requirements for operation on a wide range of lightweight spacecraft materials while providing noncontact operation, portability, and ease of use. SIRIUS will provide detection and three-dimensional localization of defects and damage in space transportation vehicles, pressure vessels, ISS modules, inflatable structures, EVA suits, MMOD shields, and thermal protection structures, with spatial resolution of ~1 mm and penetration depth up to 25 cm (depending on the material). In Phase I, POC demonstrated the feasibility of using SIRIUS for NDE of spacecraft components by fabricating and testing a TRL-4 prototype. 

The following specific objectives were established as steps to reaching the project goals:
Objective 1.	Development of a preliminary design of the proposed SIRIUS system and its optimization.
Objective 2.	Development of key technologies for implementation of the SIRIUS prototype.
Objective 3.	Integration, testing, and evaluation of the SIRIUS prototype.
Objective 4.	Preliminary establishment of the commercial potential of the SIRIUS technology.

In this Phase I project, POC demonstrated the feasibility of the proposed approach for reliable in-space NDE of spacecraft components and structures. Using the benchtop Phase I SIRIUS prototype system, we verified the potential and flexibility of the technology by detecting and mapping defects in a broad range of aerospace materials, such as TPS tiles, MMOD shields, pressure walls, COPVs, composites, and honeycomb structures. In all cases, the SIRIUS technology satisfied the NASA requirements for non-contact, one-sided operation and provided accurate results, the capability of working with both dielectric and conductive materials, minimal need for human interaction during operation, and high-contrast, high-resolution 3D NDE.

The primary NASA application of the SIRIUS technology is a compact NDE system that can be used for evaluating the structural integrity of spacecraft components during spaceflight, with the capability of providing reliable, high-resolution assessments of the locations and extent of damage within spacecraft components and structures, while functioning in hard-to-access areas within both pressurized habitable compartments and external space environments. Additional NASA applications include in situ NDE of large-area non-uniform multilayer aluminum/titanium/composite structures with complicated geometry used in the development of advanced aircraft and spacecraft, providing accurate identification, localization, and measurements of all types of internal and surface defects. The commercial applications of the SIRIUS system include in situ NDE of large-area non-uniform components in aging and modern commercial aircraft, spacecraft, and light marine vessels, and any application requiring defect detection of multilayer ceramic, composite, metallic, and plastic non-uniform structures.

