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I. Abstract

The use of cold worked fastener holes is a well-established fatigue life enhancement practice in the aircraft industry. However, while the benefits to the structure are unquestionable, obstacles still remain for designers and maintainers wishing to take full credit of these benefits when establishing inspection intervals. One of the major obstacles to achieving full cold work maintenance benefits in practice is the absence of reasonable analytical simulations of fatigue behavior in residual stress fields. The US military continues to stress the need for technologies that reduce maintenance, improve readiness, maintain or enhance safety, and extend service life of weapon systems. The formulation, validation, and integration of suitable and robust analytical methods for fatigue response in residual stress fields can thus assist the industry significantly. In response to this technological need, APES, Inc. has conducted a research program, under a USAF-funded Phase II SBIR, that investigates material behavior and damage progression in residual stress fields around cold worked holes and uses this information to feed advanced analytical simulations under fatigue loading. This research program achieved significant advancement in a variety of technological challenge areas that include: 1. Determining the success of a cold working treatment at a fastener hole, 2. Quantifying the results of the treatment in a robust crack growth and residual life analysis, 3. Monitoring the evolution or relaxation of the residual stress state as usage on the component accumulates, 4. Understanding the effectiveness of the residual stress field in the presence of a crack, and 5. Understanding the integration challenges to take these practices into industry. This presentation summarizes the programs achievements against the above technology challenges and gives examples of the analytical life benefits afforded by advanced methodologies compared to industry standard methods, particularly those used in the USAF.
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