HOLD FOR RELEASE

UNTIL PRESENTED

BY WITNESS
September 13, 2012

Statement of
Mr. Clinton H. Cragg
NASA Engineering Safety Center Principle Engineer
National Aeronauticsand Space Administration

beforethe

Subcommittee on Tactical Air and Land Forces
Committee on Armed Services
United States House of Representatives

Chairman Bartlett, Ranking Member Reyes and Membktise Subcommittee, | thank you for
the opportunity to appear before you today to disthe NASA Engineering Safety Center’'s
(NESC's) independent assessment of the F-22A Lufg8rt System. | am honored to be serving
as the Lead for this NESC team. The NESC perfoathge-added independent testing, analysis,
and assessments to help address some of NASAkdoahallenges. Led by director Ralph R.
Roe Jr., the NESC is independently funded by th&AAeadquarters’ Office of the Chief
Engineer, with a dedicated team of technical eseom all ten NASA centers, industry,
academia and other government agencies. The g&ubést experts are brought to bear on the
problems and challenges of NASA programs. The NEBS{D organization dedicated to
promoting safety through engineering excellencaffested and unbiased by the programs being
evaluated.

In April 2012, Major General Charles W. Lyon, UmnitStates Air Force (USAF) requested
NASA'’s assistance in their aggressive ongoing &ftor determine the cause of the hypoxia-like
symptoms experienced by some F-22 pilots. NASA regsested to review:

e “current post-incident protocols and, if warrantebommend enhanced procedures with a
greater emphasis on analysis of the entire lifgpsrtgand cabin pressurization systems.”

» “current investigative process, ongoing root causaysis, and the F-22 Life Support System
as a whole to determine potential vulnerabiliteghe pilot.”

The NESC was tasked by NASA headquarters with tepttiis effort, and | was assigned as the
team lead. We assembled a team that included #®AN\Flight Surgeons, two NASA Human
Factors experts, an Environmental Protection Agérargnsic Chemist, an industry On Board
Oxygen Generating System (OBOGS) expert and sespeaialized NASA life support system
(LSS) engineers. The NASA personnel came fromrseliféerent NASA locations across the
country.



In the course of this investigation, the team nexig data from multiple and varied sources,
visited manufacturing sites and USAF F-22 bases hahd numerous discussions with
knowledgeable personnel. The NESC team’s obsenatfindings, and recommendations are,
however, based on this data and do not represemttaustive review of all F-22 documentation.
The NESC team acknowledges that the F-22 Rapthigh-performance aircraft that is
expanding the capability of aircraft performanddne USAF began receiving reports of
unexplained hypoxia-like symptoms in F-22 aircestfar back as 2008. Since then, a total of 21
reported incidents have taken place in multiplations. There are seemingly few
commonalities to link the reported incidents; whitane episodes resolve with the simple
application of @—suggesting classic hypoxia—other symptoms hava bewe prolonged in
nature. This variation in incident presentation heade it difficult to identify the source(s) o&th
problem(s). The NESC team understands that thisigmois very complex with multiple
interactions, which include pilot physiology.

The USAF, and associated contractors, has condtlmadwn extensive investigations,
including standing up the F-22 Task Force and hgl@i four month F-22 stand-down. As of
Spring 2012, these investigations had not achievadar resolution. NASA was invited as an
independent technical organization to review thgoimg processes of investigation, and to
render any commentary or suggestions for improvémBy August 2012, the F-22 Task Force
under direction of the USAF had effectively ideietif a number of key contributors to the
hypoxia problem. The NESC team concurs with muchtat the USAF has done and has also
identified areas for further consideration.

The NESC team concurs that the F-22 incidents eaattbibuted to several factors:

High concentrations of oxygen {f{at lower altitudes can lead to absorption ateléxtas
The inevitable acceleration, which compounds tifieces of high Q.

Restricted breathing due to the inappropriate fiafteof the upper pressure garment (UPG)
that not only prevented any relief of this atelsitabut worsened the problem by reducing
overall cardiac output.

4. Contribution of uncharacterized F-22 LSS vulneiitibd, such as pressure drops across
components in the cockpit.
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NESC Team Findings and Observations

The team found a number of issues with the sysfgmading breathing air to the pilot (i.e., Life
Support System, Environmental Control System andréw Flight Equipment). For example,
the systems do not meet the physiological neetlsegpilots in all cases. Pressure drops across
portions of the systems can reduceflow, and current @schedules provide higher than
physiologically necessary,@oncentrations. The systems are often treatedrriectly in our

view, as separate systems and controlled at thdfages. This was the case, even back to the
beginning of the program, where insufficient hunsgstems integration (HSI) testing was
accomplished before operational deployment of H22 F The events experienced, however, are a
result of the complex interactions of these systemd with the pilot included, are even more
complex.



For the pilot, each flight does put extreme physiaial demands on the body. The F-22 pilot
community has come to expect a number of physioddgihenomena as a “normal” part of
flying the Raptor. These include the difficultybneathing, the “Raptor cough,” excessive
fatigue, headaches, and delayed ear block. Diféer®in pilot breathing in the F-22 from other
platforms was widely known and accepted as a nopawdlof flying the advanced aircraft. The
acceptance of these phenomena as “normal”’ cousdée as “normalization of deviance.”

The USAF has ruled out contamination as a caube. NESC team found no evidence of a
contaminant producing a toxic exposure for pilbgg§ the F-22. However, in any jet fighter
environment irritant compounds like combustion exdtayases, fuels, lubricants and also organic
cleaning solvents can be present. The F-22 ha$fective filtration of breathing air or cabin air
and, although no conclusive evidence has been fitichting the effect of irritant compounds,
they could enter the cockpit and the pilot’s breaghair supply.

The investigative process, which included the Reatse and Corrective Action (RCCA), could
have been more efficient and more effective théwastbeen. The USAF F-22 Task Force was
never given a directive that assigned the authtwigonduct the investigation. Several issues
noted in the medical arena (i.e., protocols) mayehHzeen resolved with a more direct chain of
command. The RCCA tool itself began with too nareohypothesis that was later broadened.
Although the RCCA process had plenty of data,dtrtit communicate well to all parties.
Moreover, the process used did not lend itself $gstiems approach to complex interactions.
The NESC team agrees with many of the USAF’s pldroogrective actions (e.g., fixing the
UPG, updating the O2 schedule, and retrofitting26-®ith a Back-up Oxygen Generator).
During the course of the NESC team'’s review, a nema other areas that warrant further
consideration were identified. These include tiiving near-term recommendations for the F-
22 airframe and protocols and numerous long-temomenendations.

NESC Near-Term and Longer-Term Recommendations

Many of the NESC’s near-term recommendations aieedg being addressed by the USAF.

For example, the upper pressure garment and OBOgd0 schedule are currently being
modified. In other areas, modifications to thetBcols will require some effort on the part of the
responsible USAF medical authority. The NESC revemded that post-incident protocols,
established to better understand the nature d¥{22 incidents, have standard case definitions
and treatment guidance for incident pilots.

Longer-term recommendations include conductingtereiRd testing of the Life Support System,
Environmental Control System and Aircrew Flight Eument to characterize actual capacity,
margins, and vulnerabilities. This integrated egstesting should have been completed during
the initial F-22 testing. Any change to a systéousd trigger the appropriate human-systems
integration testing. Given the insights the USASS bbtained this summer, we believe a
fundamental reassessment of requirements and assomfor the Life Support System in high
performance aircraft should occur. Additionallyfpemal lessons-learned review of the USAF-
led effort to address and solve this issue shoalddzomplished.



Conclusion

The NESC team acknowledges that the F-22 Raptohigh-performance aircraft that is
expanding the capability of aircraft performanddne pilot’s hypoxia-like symptoms presented
an unusually complicated problem that required Ivemment of many of the USAF’s major
commands, both operational and material, and tB2’'§manufacturer and several sub-
contractors. The USAF's Task Force made greatestrihis summer in understanding the
complex, highly interrelated nature of this probland has identified a number of specific
problem areas. The NESC'’s independent analysisostgthe USAF’s planned corrective
actions.



