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Abstract
Aging wiring and the dangers, inconveniences, and maintenance problems it causes have been identified as an area of critical national concern by numerous industry segments.  These concerns include aircraft and space vehicles, nuclear power systems, housing and consumer products, trains, buses, and automobiles, large industrial machinery and control systems.  Since electrical wiring is the central nervous system of virtually any large and complex device, when these wires fail there can be fires and critical malfunctions.  The wiring systems are generally so imbedded and “built in” that they cannot be easily inspected, upgraded, or replaced.  Many systems are being used far beyond their original expected lifespan, still with the original decades-old wiring intact.  

In situ inspection offers a new and potentially dramatic shift in maintenance options for aging wiring systems.  By retrofitting existing wiring systems and building electronics into new systems, the miles of wiring in a complex system can be tested at the press of a button.  Faults can be located (to within a few centimeters) before they cause failures.

This paper describes the testing and analysis of real aircraft cables with a wide range of configurations, impedances, and properties.  A combination of frequency domain reflectometry (FDR) and a simple impedance measuring circuit are utilized, and their tradeoffs are evaluated.  The FDR is used in applications where accuracy on the order of centimeters is required, and the impedance measuring circuit (which provides accuracy on the order of a foot) is used for wires that are lossy or longer than 400 inches.  Both of these methods can be packaged into a configuration that is small enough to be imbedded directly in the aircraft wiring. The system has been tested and evaluated both in simulation, and in benchtop prototypes.  Power handling, wireless communication links between the sensor units, and computational issues are addressed.

Several different signal processing methods and evaluation algorithms have been combined and compared for accuracy, evaluation of very long and very short cables, and detection of anomalies (frays, bad solder joints or crimps, etc.) that are less extreme than open or short circuits.  

