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Dr. Jim Starnes’ View of Research and Design 

I was raised in a research culture where failure was not only tolerated, it was accepted and expected.  In reference 4, NASA Langley historian, James Schultz, describes Langley’s greatest gift was its “permission to try and try again” (I call this “permission to fail”).  “Learning by repeated attempts may appear cumbersome, but failures indicated areas where further research was needed to improve the understanding of flight phenomena. At Langley, the mistakes were just as important as the successes, for they sowed the seeds of future accomplishment”.

Figure 1 is a schematic representation of my understanding of Dr. James Starnes’ world view of research and design.  We begin with a physical observation; we attempt to model that observation as best we know how analytically/mathematically.  We evaluate our representation of that observation by a test/experiment.  More often than not we “fail,” or our model of the physics of the problem is found to be lacking.  It could be our experimental representation of the “real” observation (initial conditions, boundary conditions, physical properties, etc.) or the errors could lie in our simplified model (simplifying assumptions, numerical model, etc.).  We iterate in these two worlds of experiment and analysis (double-ended arrows) until we understand the discrepancies and are able to correlate our analytical representation of behavior with what we observe in the laboratory to within some level of accuracy.  
Dr. Starnes always stressed the importance of testing to failure.  The true test of our understanding of the problem is when we are able to anticipate every conceivable failure mechanism and be able to accurately predict when failure will occur.  Once we believe we truly understand the physics of a problem we proceed to step into the world of design.  We now use automated methods to rapidly and systematically vary design variables and wander through design space avoiding constraints until we stumble upon a design which satisfies  all constraints and produces an “optimum” solution to our “subjective” objective function.  We then go back to the laboratory to determine if we can reliably predict the behavior and failure of our “optimum” design.  Once again we fail and, in the process, discover or learn that we have exceeded our understanding of the problem by somehow moving beyond the bounds of our prior assumptions into the design space where we encounter an unanticipated “failure mechanism”.  This process is repeated many times and each time we fail or, learn, and we develop a much better understanding of the problem and, more importantly, an understanding of our limitations in predicting the behavior of an actual, imperfect artifact and an idealized, and also imperfect, model.  Without the humbling experience that failure brings, there can be no real appreciation of the limitations of our mere mortal capabilities and the increased vigilance it demands. 
[image: image1.emf]
Figure 1. – World view of research and design of Dr. James Starnes.

Jim would continue this process in a never ending cycle starting with the simplest of material property tests of coupons and proceed, in a building-block fashion, to sub-element, component, full-scale section, and finally full-scale test article.  To exactly predict observed behavior, however, is impossible as Jim well understood.  To assume that we are smart enough to accurately identify, a priori, all possible failure mechanisms; develop accurate theories to predict failures in every instance; conduct tests of all possible cases to correlate and verify our models; etc. is harder than impossible (if that is possible).  
Now as we step, ever so warily, from the observable world to the world of design, we use our knowledge to decide which direction to move in a multivariable world with countless constraints to improve our concept or idea (based on a subjective decision of what “better” or “improve” means).  This usually requires calculating sensitivities or derivatives of our understanding of the observed behavior which, as already stated, we cannot accurately predict.  It would seem that the design would be more difficult than just predicting behavior and indeed it is.  It would also seem that the ability to conceive a design which does not fail is even harder that predicting failure, which is harder than predicting behavior; which it is.
God bless Jim Starnes.  He toiled like Sisyphus for over 35 years; instead of a large boulder and a steep hill, his journey went round and round like a flat spiral ever gaining ground on an understanding of shell structural mechanics and damage-tolerant design of composite fuselage structures.  For many years, he and an army of colleagues and students throughout NASA and industry and around the world gained this knowledge through hundreds of tests, failures, discoveries and improvements to wanting theories.  For all their work we now have scratched the surface of a “reasonably” predictive method of failure for composite fuselage structures for a limited number of test articles, materials, and loading conditions.  
This now brings us to the field of probability; which not only has to deal with the uncertain approximation of parameters used to describe the “quantity” or level of uncertainty of an event, but which blatantly states the impossibility of any attempts to correlate predictions by experiment of any meaningful scale other than a pair of dice.
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