(From Tech Horizons Article – ASC-02-0976)
Damage Management

The directorate’s core competencies (structural design and analysis, aeronautical sciences, control sciences, and aircraft integration) seek to develop technologies to improve aircraft damage management.  The damage management process begins during design when usage and environment drive detailed design to ensure safe and durable aircraft for a given lifetime.  After production, fielded maintenance processes include finding and tracking damage, assessing and trending damage, and responding to identified damage.  The response includes damage prevention and abatement, damage repair, and part or component replacement. 

Finding and tracking damage, the first step in damage management, consumes a significant amount of time and manpower.  A way to reduce the time for damage measurement is through on-board structural health monitoring.    Researchers at VA developed and tested a structural health monitoring system on full-scale test article in the early 1990s and went on to develop an environmental tracking sensor that monitored chlorine concentration, pH, temperature, time-of-wetness, and material electro-potential.   Now, researchers are in the process of developing technology to measure patch failure and/or damage nucleation and progression in the structure under the bonded patch.  Additionally, they are developing technologies to track damage nucleation and progression in structural hot-spots through an array of approaches that include damage sensing using optical fiber-based sensors, piezo material-based sensors, and data fusion.  All of these will become part of an overarching framework that engineers will integrate into an aircraft.

Assessing and trending damage, the second step in damage management, allows the user to understand the impact of a given damage state, predict damage progression, and understand the impact of a future damage state.  During peacetime, USAF aircraft generally have lower usage rates than commercial aircraft and expend fatigue life at a lower rate.  However, some aircraft are nearing the end of their design life and suffer from the onset of widespread fatigue damage (WFD).  Additionally, operators are using some aircraft differently than originally anticipated during design, which also results in WFD earlier than projected.  Working with the National Aeronautics and Space Administration (NASA), the Federal Aviation Administration, Boeing, and others, directorate researchers developed analysis methods to model the growth of multiple cracks and subsequent degradation of structural strength.1,2

Discounting environmental influences, tests and analyses indicate it would take several decades to develop WFD in many aircraft.    However, corrosion is known to hasten the onset and progression of structural cracking, thereby increasing the likelihood of developing WFD earlier than originally anticipated.  Accurate, validated models linking corrosion measurement and structural assessment are lacking.  Aircraft inspectors must be able to measure corrosion, and that measurement must transformed into a parameter used for structural analyses.  Identifying the corrosion damage morphology feature that must be measured is a significant challenge unto itself; coupling that measurement with structural analysis is equally challenging.  Working together, VA and ML, have met the challenge and measurably advanced the state-of-the-art in corrosion measurement and assessment.   Additionally, VA established an advisory team that includes the Navy, NASA, the Aeronautical Systems Center’s Engineering Directorate, ML, Lockheed Martin, and USAF Aircraft Structural Integrity program (ASIP) managers at the Air Logistics Centers (ALC).  VA researchers have already provided the ALC ASIP managers with tools to assess a particularly insidious form of corrosion--Stress Corrosion Cracking (SCC).3

Efforts to model damage nucleation, progression, and its impact on aircraft strength will help ensure an enviable safety record relative to structural failures.  Engineers can also use the models to estimate the economic service lives of legacy aircraft and the timing of their inevitable replacement.

In response to damage that has been found on aircraft, maintainers often apply solutions with the intent of preventing damage from recurring.  Fatigue cracking, due to aeroacoustic loads from jet engine exhaust noise or turbulent airflow,  can occur rapidly due to the high-frequency nature of the stresses induced by the dynamic environment. Several technologies, in varying stages of maturity, are being developed and combined to reduce these stresses and increase fatigue life: (1) patches using visco-elastic material to damp vibration, (2) static flow control devices such as weapon-bay spoilers, (3) active flow control devices that inject air into the the airflow, (4) reactive devices that limit structural deflection by adding loads out-of-phase with the dynamic load induced stresses (see Figure 1), and (5) fatigue resistant design and materials such as tailored composite structure.  One of the more mature technologies developed by VA is the durability patch.  This composite patch consists of visco-elastic material sandwiched between boron and/or fiberglass plies and bonded over a structure to extend  maintenance intervals or eliminate future maintenance altogether.In the near future, directorate researchers will apply a durability patch to a C-130 flap-well skin panel, achieving a significant milestone in the development of this technology.

Generally, preventing damage from occurring is ideal; however, it’s not always possible or feasible.  In those cases, repair is usually attempted once damage has been found.    One type of repair is the application of a mechanical patch over cracked structure secured with a large number of fasteners.  This repair makes subsequent inspection difficult without removing the patch.  Another type of repair is   to section out the damaged structure and splice in a new section.  AFRL, technology has has had a hand in developing another solution that may be more attractive to the user: bond a composite patch or doubler over the damage, which significantly slows or arrests the crackand allows maintainers to use NDI techniques to assess damage progression without removing the patch.  While the acceptance of bonded repair is becoming more widespread, it is not a routine process for many applications. The modeling of design factors that impact bond efficacy and durability is currently incomplete.  Researchers in VA continue to identify, model, and validate numerous factors including the application of patches over splice joints, load attraction, crack-tip stresses, thermal effects, debonding effects, patch-to-patch proximity, and many others.

While VA focuses on the design requirements for bonded repairs, ML made great strides in reducing the surface preparation requirements for bonded repair.  Working together, researchers are able to develop a total solution and transition it via the Aging Aircraft Program Office.  The user already used this solution to repair to the KC-135 boom-operator window (see Figure 2) and requested researchers to expand the class of applications to use this technology on structures with complex geometries and stress gradients as well as thick structures.  

When prevention and repair are not feasible, structural components must be replaced.  However, the insertion of new or modified component design in new aircraft and the upgrade of older aircraft is a long and costly process due, in part, to reliance on hardware testing that results from a lack of confidence in analysis techniques.  .  VA is developing the tools required for analytical certification to address this shortfall.  .  Engineers in the future will be able to certify new or modified designs more quickly and with fewer tests.    Coupled with lean manufacturing techniques and other maintenance process efficiency enhancements, the potential for significant improvement to cost, schedule and risk is considerable and probable.  

