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There is a need for nondestructive evaluation (NDE) capabilities to measure engineered residual stress due to cold expansion of fastener holes and similar features, such as drain holes and fuel transfer holes, in aircraft was presented.  While multiple NDE-based methods have shown the potential to detect residual stresses, the challenge of confounding factors and how they affect determining if desired residual fields are present after cold work processes was discussed.  Factors that can cause change in the measurement of residual stress includes environment and material/microstructure changes.  These confounding factors make determination of the magnitude of residual stress uncertain.  In addition, to simplify the implementation of the technique, the desired measurement system should be based on current US Air Force (USAF) NDE-based systems aligned with current USAF NDI inspector training curriculum.

To address these challenges, the Air Force Research Laboratory sponsored a multi-year effort to explore and develop a measurement capability to verify that desired residual stresses were present after a cold-expansion (Cx) process.  The measurement would occur after the initial Cx application and after multiple years of service life.  Four NDE-based techniques, three using eddy current and one using ultrasound, were initially selected for evaluation of their capability to measure residual stresses in coupons with controlled levels of residual stress. Based on these results, a down-select to two techniques, one eddy current based and one ultrasonic-based, occurred.  The two were used for additional testing to evaluate their sensitivity to confounding factors through an extensive test matrix to determine if their impact could be mitigated or managed.  This was followed by additional refinement of the two techniques.  The program included multiple demonstrations on new test coupons and parts harvested from aircraft with documented service life.  This included using the techniques in a Depot environment to highlight the potential ease of eventual transition to the operational Air Force.  This presentation describes the outcome of this program, plus the remaining challenges that need to be addressed in follow-on work before a full implementation can be realized.  Once the development is complete, the NDE-based should provide a method to verify the desired levels of residual stress are present in a structure to enhance life management of current and future USAF systems.




