Statement of Work for Handbook of Human Factors in Airframe and Engine Reliability
The Office of Aviation Medicine has conducted a research and development program on human factors in aviation maintenance since 1988.  In the past the research was completed via a single contractor that worked with an extensive team of subcontractors. As the program proceeds in Fiscal Year 2000, field studies continue to develop and implement tools and procedures for human performance enhancement.  The program shall continue to conduct research with operational partners in both industry and government. 

Continuing airworthiness of the civil air fleet demands that airframe, engine and systems be inspected with high reliability.  Accidents from the Aloha structural failure in 1988, through the Sioux City engine failure to the Pensecola incident of 1997 have demonstrated visibly and tragically the results of imperfect inspection reliability.  Although much effort justifiably continues to be directed towards improved techniques for Non-Destructive Inspection (NDI), the ultimate measure of inspection reliability must include the human elements of the inspection system.  In all of the accidents noted above, a human error occurred in the inspection task.  Human reliability in inspection has been studied for many years, but is only recently beginning to be applied directly to improvement of aviation inspection systems.  In 1999, an in-depth study of Fluorescent Penetrant Inspection (FPI) by C. G. Drury has been well utilized by the engine inspection industry, in part because it applied the human factors knowledge in a practical manner with detailed recommendations for change.

This Statement of Work defines studies by performing a sequence of evaluation of different inspection techniques and integrating these together into a Handbook of Human Factors in Airframe and Engine Reliability.  It is a three-year project designed to provide easily usable recommendations at the end of each year.  After three years, these individual projects will be integrated into a logical and practical handbook, built upon human factors good practices necessary to support the coordination and management of the information technology aspects of the program. 

Each of the three years will be characterized by parallel efforts on individual techniques and on their integration into a usable handbook.  Individual techniques will be selected from both NDI and visual inspection of airframe elements, engine components (particularly critical rotating components) and non-structural systems such as wiring or control runs.  Current FAA and industry publications on individual techniques will be the starting points for the evaluations.  Site visits to aircraft and engine inspection will be used to fit the task elements into a generic inspection function description. This generic function description has been used successfully in a number of inspection studies in aviation, starting in 1990 (Drury, Prabhu and Gramopadhye, HFES Proceedings).  It formed the basic structure for the 1999 Fluorescent Penetrant Inspection report for the FAA / AAM Office of Aviation Medicine in conjunction with the Engine and Propeller Directorate.

At each site visit, the inspectors, engineers and the supervisors will be observed and interviewed by an experienced inspection human factors engineer to determine a more detailed task description.  The physical process and its controls will be examined for potential human / machine / environment mismatches.  The task and process description will be compared to human capabilities and limitations to determine the potential errors for each task step.  Finally, these potential errors will be used to devise appropriate intervention strategies, linked to the errors so that readers can understand the logic behind the individual recommendations.  

At a high level of abstraction, all inspection jobs are the same, as evidenced by the utility of a generic function description.  However, borescope inspection is clearly very different in detail from eddy current or FPI inspection, so that the detailed recommendations for individual techniques will necessarily be different.  However, because the logic underlying all inspections is the same from the viewpoint of human factors, many recommendations will necessarily be repeated across techniques.  This logic leads directly to the Handbook format.  Initial chapters will cover the basics of how inspectors perform each function, such as Search.  We have detailed quantitative models of such tasks, which can fit well with quantitative inspection system reliability models such as those based on the Probability of Detection (PoD) curve (e.g. Rummel, ATA NDI Forum, 1999).  Thus a quantitative foundation will be laid for all individual inspection techniques before each is evaluated in detail.  Later chapters of the Handbook will be devoted to the individual techniques, comprising eddy current, ultrasonic, X-ray, FPI, Magnetic Particle, thermography and visual inspection.  After completion of the Handbook, new techniques can be added as needed to cover new technical research and development in the field.  Borescope inspection is chosen first because it is critical to engine inspection, particularly on-aircraft inspection, and there are currently no known human factors guidelines in boresope inspection.  

After Year 1, two techniques per year are included as the mechanics of performing the analyses should need less development after the first year.

Deliverables

The activities shall be documented in a monthly quarterly status report to be delivered not later than the 5th day of the quarter.  All tasks shall deliver quarterly reports and final reports that must be 100% compliant with FAA publication guidelines and suitable for web-based publishing.  All quarterly reports shall be included in the FAA RMS.

Year
Individual Technique
Integrative Activity
Deliverables

1 
Borescope
Handbook Detailed Outline
Borescope report

Handbook structure and outline

2
Eddy Current, Ultrasonic
Handbook Basic Chapters
Eddy Current Report

Ultrasonic Report

Handbook basic chapters

3 
X-ray

Magnetic Particle
Handbook Integration
X-ray report

Magnetic Particle Report

Other technique chapters

Integrated Handbook

During each year, the first deliverables to be completed will be the individual technique reports.  This will allow industry to make the most rapid use of the information and recommendations made in these reports.

The contractor shall travel to Washington, DC and other sites as necessary to complete the requested tasks.

