Emailed Cover-Letter Reviewing Document below (starts page 3)

Brief thoughts incorporated in coloured interspersed context within the copy of the document itself (attached), and highlit what I thought were other quite critical points. There does appear to be a state of denial in place (eg #068)- but the author has done an excellent job here in tying it all together.....and effectively throwing down the gauntlet.

My points are along the lines of what I have said before about AA587. I am surprised that they omitted a few things (as annotated therein). However that's probably because they are pursuing a different causation than I am - in fact their theory is a bit ragged. It's more that they are saying that the evidence is sufficient for a theory to have been developed. I agree of course - but I have taken that avenue of thought a bit further.

The attention paid here to ductility (malleability, plasticity) of the material is an important point. The materials are very dissimilar in their characteristics and in their ability to withstand moisture and temperature extremes, reveal distress by deformation and fatigue cracking and in their relative ability to conceal damage, manufacturing defects/ease of NDI inspection. The points made about a/c tail numbers that have flown on with their concealed damage is well made. It is very apparent that Airbus just don’t want to know.

However it is my firm belief that, notwithstanding that a metal tail would not have broken under the circumstances, the accident is moreso about the early design of the FAC, its software, the arrangement of the Yaw-damper actuators and the primacy arrangement for those two YD systems acting through a duplex actuator upon a singular rudder panel. In addition of course, the rudder limiter is an Achilles’ Heel and in concert with the yaw dampers it likely helped construct the out-of-phase cycling oscillations that quickly built up and eventually exceeded the fin’s ultimate load. I doubt very much that Sten Molin’s rudder inputs did anything – and even if they did, it was probably only after the oscillations had been set in train. Tony Brown’s Crow Hammer effect explains very reasonably why the wake encounter may have been an initiator. Think of it if you will as the initiator of a system-supported reverberation that built to a crescendo and culminated with a hard failure. Why should it have done so? The answer to that will probably be that there was nothing to stop (and everything to support) an ongoing oscillation. Any cyclic compensatory system (such as a yaw damper) has latently within it the ability to operate with a destructive perversity if it is persuaded into an out-of-phase condition. In this case, that was by an external influence and courtesy of a system design that was never built to operate sanely beyond its limited design parameters. Once rudder-driven yaw gets to a certain amplitude, the built in restorative moments of that large vertical fin are going to severely confound the FAC computer system’s ability to find the null point of balanced flight.

"There is no record of a history of substantial numbers of extreme pilot rudder swings or uncommanded rudder reversals on the A300-600.”

What can I say here? There apparently is a well-earnt “reputation”,  numerous anecdotal accounts and a record of instances, some involving interim LOC. Common to wake encounters, LOC instances and instances of uncommanded yaw is a situation wherein airspeed system pressure spikes are to be either expected or were reported. In addition there were instances of ADC and pitot-static unserviceabilities being tied in. It is almost undeniable that the ADC and pitot-static system is part of this enigma.

Finally, if you were to compare the number of 737 rudder anomalies prior to its two fatal accidents, you would probably say that the incidence of A300 precursor events was (over a much smaller fleet) that much higher (and much more poorly trouble-shot, recorded and coordinated for rectification of any common denominator). How many degrees of magnitude higher? You’d need to analyze it closely – but by inspection, I would guess at about ten times higher - yet over a similar period of happenstance.

And of course it’s worth mentioning that deficient DFDR s in both instances acted to confuse and confound – rather than clarify the nature of the accidents.

I’ve also filled in the date (27 Jun 2000) and the URL for that missing A300 incident (item 11 on page 31).

I’d also sent you (not long ago) an observation about the two 747 yaw damper incidents (as being exemplary of what significant control problems can occur when either yaw damper or their actuators decide to be problematic out on the end of that long moment arm). Of course there are also the 3 examples of the light twins that shook themselves to pieces as a result of trim-tab actuator failure. The point I am making is that anything misbehaving back there, out on that long moment arm, can (just like CG movement) have a wholly disproportionate effect. Because of the inherent yaw stability afforded by that large vertical fin, it can quickly become a cyclic oscillation. If the source of this misbehaviour is yaw damper (or more likely, YD1 versus YD2) then there is a potential for a divergent driven oscillation (which encapsulates my theory for AA587’s fin loss).
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Washington, D.C. 20591

Gentlemen:

The unique and catastrophic nature of the crash of AA587 on November 12, 2001 has forced the entire aviation community to reevaluate a whole range of issues heretofore thought to be sacrosanct.  The NTSB has identified a number of areas on which to focus as they attempt to determine causal factors.  Regardless of the conclusions ultimately reached by the NTSB, there continues to be great concern from pilots, industry experts and the general public regarding matters such as the persistent rudder anomalies of the A300-600, use of composite materials in primary structures, appropriate inspection methods and repair of such material, and certification standards.  To date, it appears that only a fraction of the critical analyses have been completed and made public, even though there have been eight updates, a recommendation letter, numerous statements by former NTSB Chair (and now FAA Administrator) Marion Blakey, and what may have been a premature public hearing with pages of supporting documentation.

Since this is the first time a tailfin has completely separated from a commercial aircraft, especially during what appeared to be a routine departure, there is a mandate to consider, in depth, every possible scenario under which such an event could have occurred.  There should be acute awareness on the part of the NTSB and FAA that the pilot community simply does not accept the contention that pilots over-controlled the rudder in response to a wake vortices encounter – absent extenuating circumstances.  Past empirical evidence supports this skepticism.  For example, when considering the number of worldwide departures daily for the last 50 years, under much more adverse conditions with pilots who would have had far less experience, never has a similar accident occurred.  Then consider the fact that during the 1990s, when investigating the string of B737 accidents, the NTSB Human Factors Group analyzed 589 turbojet “loss of control” events in order to learn more about how pilots reacted to uncommanded upsets.  What they found was that in a large number of cases the events startled the crews, and many perceived them to be quite severe.  However, in every case, the crews were able to recover the aircraft and land safely.  Pilots know, as do investigators, that statistics simply do not exist to support the scenario of pilot overcontrol alone being the cause of the crash of AA 587.
It is helpful to remember that “pilot error” was one of the prominent theories even after the second B737 accident, US Air 427 in Pittsburgh.  Then, after another incident and additional evaluation, a faulty rudder power unit was suspected which led to changes in the design of the PCU, as well as interim pilot procedures to allow crewmembers to better cope with similar occurrences.  Questions still remain that perhaps software problems, rather than hardware, may have played a role in these fatal accidents.  The point here is that after two tragedies, pilots’ actions were still being considered as causal factors, and only after another incident did the NTSB gain a better understanding into what might have been the origin of the problem.
The NTSB apparently understands that technologically advanced aircraft present investigators with choices other than pilot error.  That is, in part, why former Chair Blakey has been quoted as stating the following:

“The days of kicking the tin to get to the bottom of a crash are over.  The cause of the next major aviation accident is just as likely to be a line in software as it is the pilots forgetting to set the flaps for takeoff.”
After the NTSB Safety Recommendation issued February 8, 2002, manufacturers were told to publish letters warning pilots of the “dangers” of rudder maneuvers.  In its letter, Boeing told pilots that “there has been no catastrophic structural failure of a Boeing airplane due to a pilot control input in over 40 years of commercial operations involving more than 300 million flights.”

Unfortunately, we fear that a rush to judgment about the actions of deceased pilots, even when there is inconclusive evidence to support such a theory, is a pitfall of an increasing number of investigations.  We are concerned that given the international visibility of this particular accident and the potential ramifications of actions that should be taken affecting certification, design, etc.; it may become difficult for the NTSB and FAA to remain independent.

In support of such a concern, we direct your attention to a study conducted in 2000 by the Rand Corporation – Institute for Civil Justice, entitled Safety in the Skies (Enclosure 1-- partial extraction).  This study highlights the problems of the NTSB with respect to conflict of interest, lack of resources and pressures from interested parties.  Salient points are reproduced below:

“… the reliability of the party process has always had the potential to be compromised by the fact that the parties most likely to be named to assist in the investigation are also likely to be named defendants in related civil litigation.  This inherent conflict of interest may jeopardize, or be perceived to jeopardize, the integrity of the NTSB investigation.  …An NTSB statement of cause may also be nothing short of catastrophic for the airline, aircraft manufacturer, or other entity that may be deemed responsible for a mishap.”

We would like to draw the attention of the NTSB and FAA to some of the outstanding issues which continue to be of concern to pilots, independent industry experts and the flying public.  It is by no means all-inclusive, and is designed to focus not necessarily on the specifics of cause as it relates to AA 587, but also the general issues that have surfaced relating to the future safety of commercial aviation. 

We would like to acknowledge the time and efforts of the many safety-minded experts who have assisted in the development of this report.

PUBLIC HEARING OPENING STATEMENT

Mr. Benzon, in your opening statement at the public hearing, you said the following: “… the readings on the recorder [flight data recorder] show what the gauges were telling the pilots, not necessarily what was actually occurring on a real-time basis to the aircraft.  [The] investigation was hampered by totally unacceptable filtering of FDR data.  In addition, the sample rates of data are not adequate.”

We have learned that in some cases, the sample rates were 2 pps (points/second), and interpolation required adding some 60+ pps.  Given the speed at which the rudder can move in one second alone (up to 60 degrees/second), there appears to be significant room for error in any interpolations that have been made.  The NTSB is a well-respected organization that prides itself in its scientific approach to investigations.  So when it says that the sample rates are inadequate and filtering unacceptable, it certainly knows the connotations that such statements carry.  If you then consider the fact that wind tunnel data used for original certification is, according to Airbus, “no longer available,” it is difficult to accept how any findings in this investigation can be conclusive.

Your opening statement also suggests that much more work has to be done on other critical issues.  For example, you went on to say the following: “Currently, it appears that the rudder was still attached at the time of the vertical stabilizer separation.  To date, investigators have found no indications of any rudder system anomalies, but investigation in this area continues.  In fact, the sustained loads were near the structural test loads demonstrated during the certification process.  Nothing unusual was noted during the visual inspection.”  These particular statements raise major questions that will be addressed in other sections of this report.  It is particularly discouraging that “rudder system anomalies” have been given such limited treatment by the investigation.

The NTSB web site states that the purpose of a public hearing, in part, is to “expand the public record” and “demonstrate to the public that a complete, open and objective investigation is being conducted.”  The FAA, although by law a party to the investigation, has the responsibility to investigate all safety issues, regardless of their relationship to a particular accident.  Therefore, both the NTSB and the FAA, as legal parties to this investigation, can independently and/or concurrently make safety recommendations resulting from this investigation.  As citizens and pilots, we are writing to express our disappointment in the quality and quantity of the information provided during the recent public hearing, and the FAA’s apparent unwillingness to act upon what we view as critical safety issues.

WAKE TURBULENCE

Within 72 hours of the accident, the NTSB publicly suggested that “pilot rudder control and wake turbulence appeared to be factors in this accident.”  Yet it is now our understanding from the public hearing that, based upon the analysis completed to date, it is the contention of the NTSB that significant wake turbulence was not experienced by AA 587, especially during the second encounter.  As a result, it has become difficult to determine an “initiating event.”  The NTSB position now seems to be that the pilot, for some unknown reason, induced oscillations to the extent that a “quadruple” (pilot rudder input) was performed.  For any scenario that would suggest the pilots were overreacting to wake turbulence, it would be critical to calculate the likelihood of encountering such turbulence and its intensity.  Therefore, further detailed research may need to be conducted to determine beyond reasonable doubt whether wake vortices played a significant role in this accident.

When reviewing the voice recorder transcript, both Captain Ed States and First Officer Sten Molin made no comment during the second alleged encounter that identified it as wake turbulence.  Rather there appeared to be confusion as to what they were experiencing.  Additionally, Captain States made no remark about excessive rudder input on the part of his first officer and did not attempt to assume control of the aircraft.  From all CVR indications, this does not appear to be a crew reacting to a routine wake vortices encounter, but rather two pilots experiencing an unfamiliar situation that placed them in extremis.  

In a more rudimentary way than what has been accomplished by the NTSB, the rudder and aileron movements of AA587 as recorded on the DFDR have been “simulated” informally several times by a number of pilots.  The general consensus is that the gyrations caused by such movements would have been easily recognized as “out of the ordinary” and appropriate corrective action taken; unless, however, the crew was reacting to a situation which was beyond their ability to control.  Also, it would seem “normal” that such an upset would have elicited somewhat different flight deck communications; some acknowledgment that the aircraft was in extremis – a condition that may have been initiated by wake vortices of a preceding aircraft; precipitating a systems or structural malfunction, or combination of both. A noteable characteristic of a wake encounter is that the aircraft is “out of control”. However pilots are used to wake encounters and instinctively know this to be a momentary condition – so they don’t panic and they usually don’t try to fight the short-term gyrations. This was probably the mind-set of the AA587 crew. Their concern was probably, because of this, a quite late arousal.
In general, beyond the scope of this accident, there is real concern in the pilot community that insufficient study has been conducted regarding the wake turbulence effects of increased gross weight aircraft.  For example, presumably the certification basis for the A380 has already been specified, yet questions must certainly remain on the part of regulatory agencies in terms of the need for increased separation if and when the A380 is placed in service.  As a pilot group, we have serious reservations regarding the design philosophy of this behemoth, particularly with respect to the increased use of composites, and will discuss these concerns later in this report.

PILOT TRAINING AND AAMP

We found the testimony of Airbus’ Captains Rockliff and Jacob to be quite unsettling; it is apparent that these gentlemen have understandings of basic flight and aerodynamics definitions which differ markedly from those learned by commercial airline pilots.  All pilots we know understand that turns are to be made in a “coordinated” manner and just exactly what “coordinated” means.  This is ingrained early on in pilot training, so if there is a “Law of Primacy” (as Airbus’ Dr. Lauber suggested at the hearing) that applies to rudder usage, it would be coordinated usage.  Furthermore, almost all commercial line pilots, with the minor exception of a few with test experience, had absolutely no concept of the potential catastrophic effects of “rudder doublets, rudder triplets, etc.”  And these pilots also agree that their understanding of the words “alternating sideslips,” as referenced in the A300-600 Operating Manual (Unsafe L/G Indication procedure), would not have required a stop at neutral.  (It is likely that pilots have been actively performing this maneuver without a stop at neutral for over a decade—without vertical fin damage.)   At the hearing, Airbus seemed perfectly content and assured in presenting such odd and revolutionary new interpretations as “common sense knowledge”—a stance that most commercial line pilots we know emphatically reject.  Interestingly, Captain Rockliff, whose witness qualifications indicated him to be an expert in what skills and knowledge pilots should possess, was unwilling or unable to answer the basic question of whether the A300-600 could fly without the tail.  

For all the months since this tragedy occurred, there have been unscrupulous media reports from “unnamed sources” suggesting pilot error.  Recently, much attention has surrounded the statement of Captain John Lavelle, who has testified that he was able to document an abnormal use of rudder by F/O Molin; and that Lavelle was able to track Molin’s “progress” of rudder use over several months, resulting in what Lavelle described as “improvement.”  Lavelle also attempted to tie this alleged rudder use by Molin to the Advanced Aircraft Maneuvering Program (AAMP) and similar programs conducted in the late 1990s by various companies.  In truth, Lavelle flew only 6 flight segments, over five years ago, in the B727 with First Officer Molin.  It is important to note that there were two other pilots onboard for these alleged rudder inputs; neither FE Gillette nor FE McHale supported Lavelle’s story.  In fact, the indication is that being a new captain at the time, Lavelle may have been more sensitive to his first officer’s actions than one with more experience in the left seat.  Additionally, all other pilots interviewed who had since flown hundreds of legs with Molin had no negative comments, and the indication was that he was a pilot of above average skills and execution.

To put significant weight on the refuted testimony of a single captain, in another aircraft type, five years prior, alone would be a travesty.  But, on inspection of the record, it turns out that Lavelle’s testimony has major flaws.  For example, Lavelle says that he flew with Molin “around May of 1997;” it was then that he noticed the “quirk” that resulted in Molin’s alleged use of rudder.  He goes on to state that on three legs when Molin was flying they not only encountered wake turbulence every time, but apparently encountered turbulence only when Molin was hand-flying so that Lavelle could evaluate Molin’s rudder-input “progress.”  (Flight Engineer McHale, in the NTSB docket, directly refutes Lavelle’s testimony about the wake turbulence encounters on climbout and most pilots will tell you that it is virtually unheard of to experience wake turbulence with such regularity.)  Lavelle then says he flew several more times with Molin, once in September 1998 and again in December 1998, where he reports that Molin’s rudder use “improved.”  However, the record shows that Lavelle only flew one leg (DFW-EWR) in May 1997.  He then flew one three-day (five legs) sequence with Molin in September 1998—and the two pilots never flew together again. 

It is startling that these conflicts in Lavelle’s testimony were not discovered before allowing that testimony to become an exhibit in the NTSB Docket.  We urge that the NTSB clear up these factual discrepancies with Captain Lavelle at the earliest opportunity so that the record can be set straight.  It is unfortunate that the positive testimonies of the dozens of pilots who flew with Molin -- including the Flight Engineers (Gillette and McHale) -- that directly dispute this solitary pilot’s testimony were relegated to lesser import in the docket, further perpetuating a theory that is becoming more and more difficult to substantiate and sustain.

Given the absence of significant wake turbulence and no other obvious initiating event, how then can aggressive movements of the rudder be explained?  Unfortunately, without completion of more detailed studies on uncommanded rudder anomalies, rudder failure, or potential flutter phenomenon, it appears that AAMP and pilot error have become the “red herrings.”  

RUDDER LIMITER AND PEDAL DESIGN

It is our position that Airbus’ variable stop/fixed ratio rudder design is unacceptable, independent of the role such a design may have played in this particular accident.  It is particularly perplexing that the FAA has not moved quickly to address the limitations of this design and taken action through regulation and certification changes. 

The graphs provided by the NTSB and Airbus attempting to show rudder movement are confusing and raise questions.  According to one chart, the rudder appears to have exceeded its design limit on more than one occasion as it moved back and forth.  Airbus explained this by saying it is possible to “stall the variable stop” and thereby achieve additional rudder movement (“elasticity.”)  This can be done, they said, if the pilot exerts additional rudder pedal force against the stop equal to approximately 130-140 pounds of pressure.  However, a FAA witness later stated that should a stall situation develop, that a warning (chime) will occur in the cockpit.  Airbus never mentioned this warning chime in their testimony, and there was no such warning recorded on the CVR.  So apparently the pilots did not stall the variable stop.  And if it was not stalled, then how can the rudder amplitudes that go beyond the limiter be explained?

Regarding the rudder pedal design itself, the FAA has only a maximum force limitation (150 pounds) and no minimum.  There is also no standard ratio of “breakout force” (the force required to initially move the rudder pedal) to the force required to achieve maximum displacement of the rudder pedals.  Airbus states that their design is perfectly acceptable.  But obviously there must be some unwritten minimum value.  And using the same common sense analysis, there must be some minimum acceptable ratio of forces.  Is a mere 10 pounds, from a 22 lb. breakout to a 32 lb. maximum at 250 knots appropriate?  What about the relatively small distances (perhaps less than two inches) that the pedals move at higher speeds?

When considering the A300-600 design specifics relative to the ratio of breakout force (22 lbs. at 250 knots) to that of maximum force required (32 lbs. at 250 knots), and finally the small rudder pedal movement (1.3 -2.6 inches) to achieve such forces, it appears that such a design is fraught with potential problems, particularly at higher speeds.  Additionally, it is important to consider that Airbus made a conscious decision when designing the A310/300-600 rudder system to reduce control forces (or, conversely, increase sensitivity) by 30% when compared to the predecessor A300-B2/B4.  Incidentally, Boeing has made a corporate decision to no longer use variable stop/fixed ratio designs, further begging the question: how appropriate is the Airbus design?  The FAA needs to move aggressively to establish more specific guidelines and/or regulations in this area.

To the credit of American Airlines, they recently initiated an A300 Rudder System Training program to “cover the unique aspects of the A300 rudder system, yaw dampers and recommended operations.”  The problem, of course, is that it was necessary to do this at all.  They obviously recognize that their pilots must be made aware of the pitfalls of such a design.  Unfortunately, this qualifies only as a Band-Aid solution to the overall problems inherent in such a system as currently designed.

The evidence already presented in the public docket regarding the disproportionate number of high lateral loading events involving A310/A300-600 models, many of these occurrences which included high amplitude rudder movements, points an accusatory finger at the sensitivity of the rudder pedal design.  It would seem that such data would offer the confirmation needed for the FAA to take immediate action demanding design changes, rather than simply relying on pilot warnings and airworthiness directives.  After all, it is simply unrealistic to assume that pilots, after qualifying in the A300-600 alone, take “stupid pills” and forget the basics of smooth rudder control.  Then they suddenly and miraculously regain this knowledge when moving on to other aircraft.

RUDDER DESIGN

The rudder of the A300-600 is honeycomb composite design.  Although Airbus is the self-proclaimed expert in composites, in our estimation this is an area that requires far greater scrutiny than it has received to date.  Here is some history as to why we believe this to be true.

Below is an excerpt from a letter we sent to the FAA on May 15, 2002.  

“[Our] concern relates to the integrity of the honeycomb/sandwich rudder and its design.  …as indicated in our March report, Airbus has had significant design and quality control problems with both the rudders and elevators.  The first 80 rudders were replaced in the A310/A300-600R fleets (AD 97-04-07) due to large skin-core disbonding between Aramid layers and carbon fiber skin.  There were some modifications as a result.  There has been a long-term problem with elevator delamination due to water ingress since 1983 with concomitant repair and modification programs.  The same design was incorporated in the A320 fleet with more in-service damage.  Apparently an investigation has been launched and “new materials” are forthcoming – for the A380 program.  

In our report, the fact is brought out that “honeycomb sandwich composite is very strong, but actuators, trim and hinge-mounts should attach to substantial subframes, not just doubler-strenthened areas of composite (perhaps with minor secondary-spar support)”  After compliance with FAA issued AD 2001-23-51, Airbus stated that there were eleven findings that needed repair.  The repairs needed were as follows:

Corrosion of rudder hinge arm (1)

Wear/corrosion on bushing and locking device of rudder hinge (6)

Edge chafing at rib 9/10 in the rudder hinge area (3)

Stringer top flange debonded (1)

Numerous Service Difficulty Reports (SDR) address ongoing problems relating to the rudder in a number of areas that may affect structural integrity and controllability.  Has the FAA reanalyzed the A300-600 rudder design and assembly?  Do rudder panels perhaps have structural softness that has developed over time?  Is the current inspection methodology sufficient to detect degradation of this type?”

Considering the fact that Airbus has been a leader in the use of composites, it is somewhat disturbing that this apparent insoluble problem persists with respect to honeycomb technology.  A possible answer may lie in the method used for the environmental testing completed by Airbus during the certification process.

FAA Advisory Circular 20-107A on the subject of “Composite Aircraft Structure” states that “environmental design criteria should be developed that identify the most critical environmental exposures, including humidity and temperature, to which the material in the application under evaluation may be exposed.”  It goes on to state that “the effects of environmental cycling (i.e., moisture and temperature) should be evaluated.”  It is our understanding from the available data that Airbus used a hot/wet (70 degrees/100% humidity) process during their fatigue testing as the most critical exposure.  However, we cannot find any data that shows Airbus conducted significant cyclical environmental testing.   If true, this fact may be significant since most experts in composite fatigue recognize it is the changes in humidity and temperature, rather than a constant state environment, which have the greatest effect on composite fatigue.  Therefore, the hypothesis used by Airbus in the late 1980’s to comply with the applicable FAR’s may be deficient.  Fatigue testing accomplished under a full range of humidity and temperatures may very well produce significantly different results.  Also, as NASA admitted in its testimony, “scaled-up structures” (i.e. the real rudder) do not exhibit the same characteristics as demonstrated in “coupon” testing.  Perhaps had such testing been accomplished during certification, Airbus composite experts may have better identified the debonding problems that have since plagued their rudder and elevator honeycomb structures for over ten years.  

Two other ADs highlight additional problems with the rudder and elevator.  AD 98-13-33 discusses rudder desynchronization which “could lead to structural fatigue and adverse aircraft handling quality.”  Airbus was extremely hesitant to discuss desynchronization when the subject was raised during the public hearing.  AD 2001-16-09, although for the A319/320/321 series, discusses excessive “freeplay” in the elevators with reports of “severe vibrations”, resulting in “reduced structural integrity and reduced controllability.”  There have also been at least two incidents of aileron panel flutter on an A319 series aircraft.

The post-accident condition of the rudder of AA 587 was such that it would seem extremely difficult, if not impossible, to perform NDI inspections that could accurately determine whether damage was pre-existing or a result of the crash.  It would also be hard to ascertain whether significant water entrainment existed prior to the rudder being immersed in Jamaica Bay.  As such, it would seem most appropriate to perform NDI on an intact rudder, or rudders, of the same vintage to get some sense of the in-service condition of existing rudders.  After all, as shown later in this report, perfecting the technology of honeycomb composite structures (in particular the rudders and elevators) has been somewhat elusive for Airbus over the last fifteen years; and the condition of the rudder of AA587 may be critical to a comprehensive investigation.  Has such an analysis been done or is it now being contemplated?  

NASA testified that one of its experts saw evidence (we don’t know what) that flutter may have occurred.  It was reported that aircraft rattling noises were recorded on the cockpit voice recorder (CVR), yet only limited amplifying information has been made public.  The origin of these noises would appear to be critical, since such sounds could indicate a developing “flutter-mode” and/or other control problems.  To date, has the NTSB determined the origin of the noises?  Has a full spectrum analysis, across the entire range, been accomplished and reviewed by experts independent of any interested parties.

Finally, it seems that the graphs/charts provided on rudder position show some major discrepancies.  In some cases, the rudder position exceeds the nominal 10 degree stop provided by the protection of the limiter. In fact, it appears that the rudder may have reached deflections of 14-16 degrees.  If it did, then it would stand to reason that the rudder panel itself need not be fully intact to generate the same high loads as were calculated with the rudder being limited to 10 degrees.  Therefore, a scenario of “partial rudder breakup” and subsequent loss of control with frantic efforts on the part of the crew to save a crippled aircraft must be explored.

Due to the importance of the structural integrity of the rudder, it is critical for the NTSB to fully explain their assessment of the rudder breakup sequence such that a clear understanding is provided.

VERTICAL STABLIZER

The indication from the testimony at the public hearing is that NDI has given the vertical stabilizer a “clean bill of health.”  However, the attachment design is still an issue and needs further exploration.  Since the vertical fin attachment lugs are resistant to valid and reliable inspection protocol, there is still ongoing concern that there may be aircraft currently flying that have experienced loads that have compromised the strength of these lugs.

In the previous section, we referred to the visual inspections mandated by AD 2001-23-51.  During the same visual inspections, attachment bolts that pass through the lug/clevis arrangement that holds the vertical fin to the fuselage were found to be looser than factory-torqued and rotated on numerous airplanes (almost 50% of those inspected.)  This was evident because witness marks were affixed after the bolts were properly torqued at the factory.  A number of experts have been very surprised that Airbus considered this to be no problem whatsoever.  When it was suggested by American Airlines that the witness marks be removed since bolt rotation was of no consequence, Airbus apparently said not to do so.  At the recent public hearing, a similar question was asked by Mr. Clark, and a somewhat evasive answer was again given by Airbus.  Have studies been completed to determine what effect, if any, these rotated bolts may have on the integrity of the attachment design?

The loads experienced by the vertical stabilizer have been another area of intense study.  Has an independent assessment been done to extrapolate the loads at the accelerometer in conjunction with control surface movements, or was the supporting data provided solely by Airbus?  Our enclosure on uncommanded rudder/yaw damper anomalies discusses a recent incident that suggests there may have been, in the past, limited validity to the accelerometer readings on all A300-600 aircraft, thereby calling into question any calculations of loads on AA587.  

Airbus made a statement during the hearing that much of the data used during the certification process was derived from wind tunnel experiments.  However, this wind tunnel data, according to Airbus, is “no longer available.”  Why hasn’t such data been archived?  Is it standard procedure to discard this all-important data?   It seems extremely coincidental that this tail failed at very close to the same rupture load that Airbus calculated during its certification testing – 1.96LL versus 1.93LL, respectively.  Given all the variables in manufacturing, and with over ten years in-service, a greater statistical divergence would have been expected.  We are concerned that, due to the disappearance of the original data, this limit cannot be verified.
In conjunction with the above, there has been concern expressed as to the appropriateness of the lug and clevis design of the A300-600 vertical fin.  This is particularly important because American Airlines asked several pointed questions about the original design of the A300 in the B2/B4 version, and the changes and certification testing done when the composite fin was later added to the existing “metal tail attachment design”.  If the tailfin separated due to a shear failure, then what analysis has been accomplished to determine whether there may have been a design insufficiency in the attachment method?  After verifying shear distance and pin diameter of the failed lug, has the NTSB determined beyond a doubt that the attachment method of the A300-600 vertical fin provides a sufficiently robust design?  If so, where can we find the data that confirms this?

The tail of AA 587, after being inspected by Airbus prior to original factory attachment, was found to have a defect requiring extensive repair.  Unfortunately, the public hearing did not address the repair in any depth whatsoever.  It is our understanding that this was the first repair of its kind ever performed.  We have also been told that such repairs are difficult due to the possibility of damaging the composite material and/or changing the loads distribution.  What analysis has been accomplished to ensure that this repair was made properly?   What organization performed such an analysis?  It is our understanding that Iowa State University may have been contracted by the FAA to study this particular process.  If so, what were their results?  Could this repair have disturbed the load distribution of the tail, damaged the composite material, or in any other way weakened the vertical stabilizer?  What was the determination as to the delamination that was reportedly found on one of the lugs?  Was it pre-existing?  Where was the delamination located?  Did it negatively affect the load-bearing capacity of the tail or attachment lug(s)?  Specific answers to these questions must be provided by the NTSB to maintain the integrity of this investigation.

LATERAL LOADING EVENTS

Since 1991, there have been eleven documented high lateral loading events on the A310/A300-600 fleet.  Over half have occurred within the last five years.  Three of these events have been calculated to have exceeded design ultimate load.  Four other events exceeded design limit load.  Therefore seven out of eleven events exceeded the loads which are expected in normal flight.

Naturally this is of great concern to the pilots who fly the A300-600.  It should as well be statistically significant to the FAA.  Earlier this year the FAA issued AD 2002-06-09, which addressed this lateral loading danger, but apparently chose to limit the AD to A310/A300-600 aircraft only.  Are these aircraft more susceptible to encountering circumstances conducive to high lateral loads?  After all, all aircraft fly in the same airspace, under the same conditions.  Is the design of the vertical stabilizer attachment less able to withstand such loads?  Or is the rudder system considered too sensitive and thought to contribute to these incidents of high lateral loads?  Or is this an indication that there is something particular to the pilots who fly the A-310/A-300-600, and that other pilots worldwide need not be concerned?  

Member Black was justifiably concerned when he asked the question as to why other makes/models of aircraft using composites are currently exempt from the above referenced AD.   The FAA’s response (in testimony by Dr. Larry Ilsewisc) was that should such events occur with other aircraft, the airlines “would know” enough to obtain the A-300 AD and comply with it.  This is obviously an unrealistic statement: that, absent a directive from the FAA, airlines would simply “know” and voluntarily pull planes from service to perform “extra” testing.  Is this the way the FAA now ensures compliance with such a serious safety issue?  

These severe lateral loading events are serious business, particularly considering the dire tone of the February 8, 2002 NTSB Safety Recommendation, which warned of the dangers of rudder reversals on “all aircraft.”   The logic being applied in this AD, in our opinion, is inconsistent and could be exposing other fleets to dangers by omitting the requirement to thoroughly review all lateral loadings on all fleets.  It would seem that such an AD makes sense only if other fleets are immune to such high lateral loading events.

UNCOMMANDED RUDDER MALFUNTIONS

On March 22, 2002, we submitted a 73 page report to the NTSB and FAA which highlighted a number of safety concerns regarding the A300-600 aircraft.  One major area was the phenomena of uncommanded rudder anomalies.   We documented 21 incidents in our original report and have since added 5 more (Enclosure 2a-2d).  Our accounting of such incidents, by no means all-inclusive, demonstrates a history of problems that, in our estimation, may have contributed to the tragedy of AA 587.  As well, they represent a longer term, worldwide safety issue for the entire A300-600 fleet.  Unfortunately, these concerns were not shared by either the NTSB or the FAA.

The NTSB replied that our report would be placed in the public docket and available to interested parties at the time of the public hearing.  This was not accomplished and it was necessary to make the NTSB aware of this oversight so that it could be included for future reference.  It appears that the NTSB has, for the most part, discounted the history of these anomalies.  We consider this to be a most egregious omission.
The FAA indicated their disinterest by informing us “that the A300-600 rudder system has had an acceptable service reliability to date that does not include an unusually high number of uncommanded rudder events when compared to other transport category airplanes.”   This vague statement of dismissal ignores the documented facts that we have provided.  We strongly disagree with this assessment based upon our research and the criticisms of the FAA as highlighted in a later section of this report raises questions as to how well these in-service events are being monitored.

Since our original accounting, rudder incidents have continued to trouble the A300 fleet, and it is inconceivable that these two agencies continue to ignore such a critical safety concern.  Now, it appears that a recent incident which occurred in December 2002 (detailed below) strikes at the heart of the AA 587 investigation; and beyond the focused scope of this investigation, has serious implications for the continuing safety of the A300 fleet worldwide.

Central to the AA 587 investigation is the data and analysis so far presented by the NTSB and Airbus to show that “back and forth” rudder movements somehow coincide with rudder pedal inputs made by the pilots.  Unfortunately, inherent in this study is significant interpolation, due to the limitations for the sampling rate of the DFDR.  Since there appeared to be no indication on the DFDR that there was a malfunctioning rudder system (i.e., no inexplicable movements), to include the yaw damper, the assumption is that the pilots were solely responsible for the movements of the rudder.
Calculations were also presented to show that based upon the accelerometer readings measured in the left wheel well and captured on the DFDR, the loads at the tail of the accident aircraft apparently exceeded the certificated ultimate load.  It would stand to reason that since the accelerometer readings were the starting point in these all-important calculations, there must be no doubt as to the accuracy of this data.  Especially since the result of this analysis provides an indication as to whether the tail performed up to certificated specifications.

Another critical reason to accurately assess accelerometer readings is to comply with Airworthiness Directive 2002-06-09.  This AD, issued in response to damage induced by high lateral loading events specific to the A300-600, requires “further inspections” should an aircraft experience lateral loads in excess of .3gs.  It is our understanding that the FAA intends these subsequent inspections to be by other than visual means – ultrasound, for example – although we are unsure why this was not specified in the AD itself.

A NASA engineer close to this investigation relates that “the NTSB has a working hypothesis that crew action caused the rudder movements in the flight 587 accident.”  According to this NASA source, the NTSB bases this hypothesis on “the remoteness of the statistical probability of an uncommanded rudder incident occurring.”  Incidentally, it is interesting to note that this hypothesis was put forth as early as a few days after the accident.  Based on our research, we would assert that this assumption was premature, and remains dangerously inaccurate.

While no history exists of operator overcontrol causing airframe failures in transport-category aircraft, the record of significant uncommanded rudder events on the A300 is real and dramatic. These events have continued to occur with disturbing frequency since our last report to the NTSB and the FAA.  As we noted in this previous report, we can only surmise that many events have escaped our notice, since resources in discovering these incidents are limited. 

In our report of last year, we expressed concern that many aircraft that were experiencing uncommanded rudder incidents were undergoing maintenance procedures and subsequently suffering repeat incidents. This would suggest that maintenance troubleshooting actions (ranging from yaw damper actuator adjustments, flight augmentation computer resets, software changes, etc.) have proven ineffective and have not addressed the actual source or sources of the problem(s).  Since it is now “general knowledge” that “doublet” maneuvers can cause catastrophic failure of the vertical stabilizer, rudder systems malfunctions take on a much more sinister role and must be monitored and evaluated to the fullest extent possible.
Enclosure 2 is the current listing of the more serious incidents that have resulted in some form of uncommanded rudder events.  There have been five new events added to what was the original list provided in our March 2002 report.  Of particular concern is the frequency of repeat incidents for individual aircraft.  Also, many of these events have occurred during (and therefore possibly initiated by) some sort of associated turbulence.  Please note the last entry (#26), as this appears to have direct applicability for both the investigation of AA587 and the ongoing safety of the A300 fleet.

In this incident, aircraft #068, operating as American Airlines flight 647 (JFK- SJU) suffered uncommanded rudder movements (described by the Captain as “purposeful) after encountering turbulence at 300 feet on departure.  The first officer, who was flying the aircraft, characterized these uncommanded rudder movements as “sharp and abrupt.”  The aircraft was climbing out on runway heading at the time, and not in a turn.  After talking to AA maintenance in Tulsa via phone patch, they were directed to immediately return to the airport for landing. The aircraft returned to JFK and was subsequently taken out of service. Upon inspection, no record of significant rudder movements was found on the DFDR, even though both pilots confirmed that such movements occurred. Subsequent inspections of DFDR data revealed that the aircraft accelerometers had recorded over twenty previous events exceeding the .3g lateral acceleration threshold.  This DFDR data was discounted as spurious and no ultrasound inspection was performed on this aircraft.  

A management pilot in American’s Flight Operations-Technical Division sent a message to all A300 pilots asserting that a bad transducer was responsible for the data present on the DFDR of aircraft # 068. He added the following additional comments:

     “It was a bad lateral accelerometer on the aircraft. So no inspection was required 
      because there were no loads on the tail. It was just bad data.”

There are numerous critical elements to this event which should cause immediate concern.  First, the pilots experienced uncommanded rudder inputs which were not recorded on the DFDR.  To repeat, experienced pilots aborted a flight due to a flight control malfunction, and for some reason the DFDR did not record this serious event.  Therefore, how many other times could this have occurred?  Pilot comments have been discounted in the past (e.g.: Enclosure 2, #11), and incidents explained away as being most probably a wake turbulence encounter, or simply misjudgment on the part of the flight crew.  It would seem that this event demonstrates that uncommanded rudder movements do occur, and occur without other recorded indications.   This begs the question as to whether a similar event may have been experienced by AA587.

Second, it was determined that the data from the accelerometer was erroneous and therefore unusable.  What does that say for the recorded acceleration event on AA587?  How can the NTSB have confidence in the amplitude of those accelerations and any subsequent calculations?   Perhaps the tail loads were significantly less than originally surmised since there is no longer any guarantee that the accelerometer readings are accurate?  And if that was the case, then the vertical stabilizer or rudder may not have performed up to certification standards.

It would certainly seem that the structural integrity of #068 is still in doubt.  After all, if this particular aircraft underwent an uncommanded rudder event and the accelerometer data was determined to be invalid, how can the loads borne by the tail section be reliably judged?   Is it not possible that the rudder movements in the event described may have caused airframe loads capable of compromising the structural integrity of the aircraft? Given that visual inspections have, in the past, failed to detect delaminations in composite structures like that of the A300 tail (most notable is the case of aircraft #070), is there any justification for not subjecting aircraft #068 to an NDI procedure?  Note also that it was #068 that was the subject of the first entry (Enclosure 2), experiencing among other things “continuous, uncontrollable rudder deflections.”     

In light of the questionable accuracy of past DFDR data, it is more critical than ever that the FAA mandate fleet-wide ultrasound inspections for all A300 vertical stabilizers.  It is very possible that other aircraft have experienced events that have exceeded the .3g threshold or rudder swings that the DFDR has failed record, or recorded inaccurately.

We have heard from several sources that there may have been a fleet-wide change of accelerometers, which suggests that there was concern over the accuracy of all these instruments.   In terms of the ongoing safety of the A300 fleet, if fleet-wide accelerometer data to date may have been corrupted or inaccurate, then how can there be assurances that, in the past, other aircraft have not exceed the .3g limit threshold established by AD 2002-06-09?  Do we really know for sure the current status of the structural integrity of the A300-600 fleet without performing NDI on all aircraft?   Furthermore, how does this revelation affect the future validity of AD 2002-06-09? 

Mr. Hickey, in response to our initial report,  you informed us that the FAA would investigate the incidents of uncommanded rudder on the A300 fleet and determine if the numbers of incidents on the aircraft are significantly higher and/or more serious than on other aircraft types. To date, we have had no further response from the FAA on this issue. We would welcome any data on this subject that the FAA might choose to make public.

A NASA engineer closely involved in the investigations into the Boeing 737 rudder anomalies had the following comments on our list of A300 uncommanded rudder incidents -- “It is a remarkable testament to a troubled rudder system.”
We agree with his assessment, but it is unfortunate that the NTSB and FAA do not share these concerns.  It is our considered opinion that until the uncommanded rudder phenomenon piece is acknowledged, investigated, understood and proper corrective measures taken, the puzzle that is the accident investigation of AA587 may never be completed.  Additionally, the ongoing safety of the A300-600 fleet will never be assured. 

In addition to rudder system anomalies, there have been a disproportionate number of Airworthiness Directives issued on the A300 series aircraft and other Airbus models that include voltage spikes; rudder trim electrical malfunctions; early metal fatigue; disbonding; rudder hinge wear, corrosion and chafing; and finally elevator freeplay.  When considering these extensive ADs, along with documented uncommanded rudder events, we believe a strong case can be made for mechanical, electrical or structural malfunctions being possible causal factors (or at least considerations) in this accident.   As such, it is hoped that it will be shown through specific, documented and detailed analysis that none of the above malfunctions could have initiated, or contributed to, the sequence of events which led to the tragedy of AA587. In my opinion, it’s more likely that an externally applied force, such as turbulence, sets in train a yaw damper response that can then become out-of-phase due to both the natural restorative moment of the fin and the FAC’s software-predicated control of the rudder. If my suspicions are correct, this can rapidly produce an end result that is self-reinforcing, rather than damping. Think of it as a yaw damper being induced to do the opposite of what it’s designed to do. The key to this rogue action is probably in the vulnerability of having a two yaw-damper system operating through one double-acting valve - upon a singular rudder panel (force-fighting??). Because loss of control has also been associated with uncommanded yaw, the fact that sensed airspeed fluctuates in both situations is probably relevant. 
In both a wake encounter and a loss of control event, both static and pitot pressures are going to “spike”. When spiking pressures are applied to an air data computer, software resolution being what it is, the services utilizing the output of the air data computer should be expected to “misbehave”. I feel that this could be the most productive area for further inquiry….. because it neatly ties in some common denominators. Why should this be? I feel that if you spoke to the software writers and asked them about how the FAC’s uptakes from the ADCs were “tuned” and filtered to accommodate airspeed “spikes”, they’d probably not know what you were talking about. Are there any other justifications for suspecting injudiciously written software? Well the Singaporean A340 that experienced uncommanded yaw and fluctuating airspeed probably was sporting  flight control system software that was written by the same software house (under Airbus contract and specifications). Perhaps the limiting parameters that they apply for airspeed fluctuations just don’t include the gross spiking that can happen due to pitot and static port blanking (and pneumatic lag)  during wake turbulence (or the yaw excursions experienced during a loss of control).
I emphasize here that the AA587 event is atypical of aerodynamic flutter; it is more reasonable to characterize it as a “systemic aphasia” caused by exposure to aerodynamic factors and erroneous airspeed inputs making excursive transients beyond the design limits set by code-embedded software parameters. 
The ultimate Q & A series has to be:

1.  Quest:   “So why would the vertical fin have been overstressed?
Answer:  “Whenever an external force (such as a wake encounter) sets up a requirement for the Flight Augmentation Computer to intervene and restore stability it will assume, courtesy of its programming, that it’s starting from a null position. But in fact, its first corrective rudder deflection will be inappropriate because, once into the wake encounter,  the aircraft is now in a significantly yawed aerodynamic condition (but without having yawed to that angle) - and the restorative moment of that large vertical fin is also now in the equation whereas it would not otherwise be (yet  it’s not being allowed for by the FAC). As a result, the system’s yaw-rate gyros are suddenly in error as the aircraft instantly entered a new “air-mass in motion”, and so the yaw “correction” input results in an overshoot of the nil-yaw position and subsequent rudder inputs are also inappropriate because of the effect of the wake turbulence upon the free airstream and the pressure errors feeding into the Air Data Computers. Any yaw-rate gyro inputting to the FAC will be itself highly errored by the preceding events. The end result is probably similar to the pilot treadling the pedals, but - being out-of-phase due to the airspeed errors (and CADC input) calling for inappropriate and untimely rudder deflections, the yaw quickly becomes divergent. It would be very similar to the yawing aerobatic manoeuvre seen at air shows where the pilot uses out-of-phase rudder inputs at slow speeds to achieve impressive exaggerated yaw angles. In this case however, the yaw angles are being achieved via the system and at dangerously high airspeeds. See “Singapore A340 Upset” on page 33 for an example of what an airspeed system error can translate into.
2.  Quest:  “Where does the yaw damper come into this?”
Answer:   “ It is probably the primary reason for the FAC system response becoming aberrant and divergent. Assume that the yaw damper is attempting to correct this unexpected yaw and, via the FAC, is calculating the rudder deflections that are appropriate for regaining balanced flight. If, due to yaw-rate gyro displacement, airspeed spikes and the rudder-limiter, the rudder deflections are untimely and of incorrect rate and amplitude  ( and so actually amplifying the yawing ), at what stage does the secondary yaw system intervene because it assumes failure of the primary YD system? Is it capable of doing this repetitively? (i.e. quickly swapping authority between YD1 and YD2 (during the oscillations) because of the failure recognition parameters that it is set for?).  My theory on the recorded yaw-damper trips are that because they both operate through the same concentric dual-pistoned valve and because there is a precedence/primacy between #2 and #1 YD systems, eventually the “force-fighting” between them causes overheating and thermal trip of the relatively low amp CB. I doubt that the Universal Synaptics “587 glitch test” allows an IFD test the time required to heat up the CB’s bimetallic strip by enduring a period of “force-fighting” (just love that mystic term). BITE testing is starting to become notorious as being a glitch that’s put there for you to work around (mostly via having another go – and yet another – until it works as advertised). Note that following the FEDEX hangar failure of an actuator on 01 Feb 02, after rectifications not involving the yaw damper system, further rudder oscillations occurred in flight. See this URL: http://www.iasa-intl.com/folders/the068event/patrickal.htm
	Mechanics observed oscillation in the rudder and heard a loud "bang" that was described as "a sound like a shotgun".  Rudder oscillations occurred in flight subsequent to a control-rod change and maintenance signoff.


It is more than just coincidence that AA587 had a yaw-damper problem that was reset before they started up on that accident flight.
In considering the possibilities of yaw-damper anomalies, it is also instructive to examine this 737 incident http://www.aaib.dft.gov.uk/formal/gbgji/gbgji.htm
USE OF COMPOSITES IN PRIMARY STRUCTURES

We strongly urge the industry to reconsider the future use of composites for primary structures.  There is uniform agreement that composites display essentially no ductility – and the laws of physics and mechanics in this regard are immutable.  We have been told that nominally, aluminum requires about 7 to 8 times as much energy to fail as does composite.  Therefore, to create equal energy to fail, the composite would require some 3½ times the ultimate strength.  Obviously these ratios can be reduced by using greater safety margins and resorting to “design refinements”.  However, after using every possible refinement, you are still left with a material that is non-ductile, brittle, moisture sensitive and non-forgiving.  It appears that the industry has been willing to overlook these drawbacks because of the advantages of composites, such as weight, strength (in certain directions), and corrosion resistance.  We believe that the existing trade-offs do not provide the necessary levels of safety given the lesser understood properties of composites.  Unfortunately, the trend toward its increased use in primary structures appears to be continuing unabated.

The A380 is a case in point.  There is a long-held formula in the aircraft manufacturing business called the "square/cube law."  Simply stated, for a given increase in aircraft size, the weight increases by a factor of two, and the power required (thrust on engines) will increase by a factor of three.  So if a manufacturer was to increase the size of a new generation aircraft by 10%, then the weight will increase by 20% and power required by 30%.  This, of course, assumes the same technology.   Airbus has already invested billions in the design and engineering stages for the A380, and in order for it to meet the aggressive performance specifications, composites become, in part, the technology advance needed to solve the weight (and power required) problem.  This means increasing the use of composites to include the center wing box, rear pressure bulkhead and 100% of the tail section. The trend is apparent.  More and more use will be made of composite material in primary, load-bearing structures in order to reduce aircraft weight, while pressure remains to manufacture as close to minimum standards as possible.  The FAA must recognize the inherent dangers in these tendencies and act to strengthen standards and/or ensure more robust designs.

The importance of the materials used and the limitations of composites can be seen in other industries as well.  You might be familiar with the major earthquake that occurred in Alaska on November 3, 2002.  The Orlando Sentinel (November 11, 2002) reported the following which is a perfect example of the advantages of metal over composites in relation to ductility.

“The trans-Alaska oil pipeline was built to withstand a magnitude-8.5 earthquake, but the engineers who designed it in the early 1970s never expected to see it tested in their lifetimes.  They were wrong about the test, but not about the pipeline.  The pipeline itself is made of steel pipe chosen for its ability to bend and deform without breaking” 

The concerns when designing racing hulls have many similarities to aircraft airfoils.  In the November 2002 issue of SAIL magazine, David Gerr, an accomplished boat designer and author, wrote the following:

“It seems there’s good reason for carbon being every bit as wonderful as some of the hype would indicate.  What, then, is the hitch?  The hitch is resilience – a material’s ability to absorb energy and defects without failing catastrophically.

What some designers fail to take into account when evaluating carbon laminates is the area under the stress/strain curve, which represents how much energy a material will absorb before failing.  The greater the area, the more energy from impacts and/or sudden high loads a material can absorb without failing.  It can also suffer greater local damage from dings, cracks, and construction defects without failing.  Here is the carbon laminate’s Achilles heel.

Because carbon has a low resilience, it is brittle and can fail catastrophically without warning when subjected to sudden loads, or when it has been slightly damaged, or even when it has minor construction defects.

For a variety of complex reasons, brittle materials with low resilience are effectively tougher when used to make smaller objects.  It is only when it is used in large structures that need to be resilient as well as strong, that its use becomes questionable.”

Unfortunately, the aviation industry does not have the luxury of cleaning up oil spills from a broken pipeline or rescuing sailors in lifeboats.  Catastrophic failure of primary aircraft structures leaves little room for error and many lives are at risk on a daily basis.

Our position regarding the use of new structural materials is detailed in Enclosure 3a-3b.

INSPECTIONS

We have written at length on the issue of the need for more sophisticated inspection technology and there is a significant body of knowledge that debunks the visual inspection protocol currently in use.  As a minimum, NDE technology must be developed for all existing primary structures made from composite.  Numerous pilot groups have petitioned the FAA to take swift action to rectify this deficiency, yet to date no positive steps have been taken.  Enclosure 4a-4g is a copy of our May 15 letter to the FAA which focused on this particular issue.

During the public hearing, we were shocked to learn the true circumstances surrounding the lateral loading event of AA 903 (#070) which occurred in May, 1997.  Shortly after the incident, Airbus discovered that the aircraft had experienced significant lateral loads.  Their response was to send a letter to American Airlines recommending a “deeper inspection”—apparently “deeper” than the visual inspection protocol long advocated by Airbus.  They also expressed concern about “possible damage to the empennage.”  There was, however, no specific recommendation made regarding the need for ultrasonic or other forms of more sophisticated Non Destructive Inspection (NDI.)  We can only guess whether Airbus meant a more “thorough” visual inspection, or if they meant some sort of NDI.  In any case, it was never ensured that such an inspection was accomplished.  Five years later, in response to the crash of AA 587, other aircraft were then given NDI inspections, including aircraft #070.  The findings found severe damage to one of the rear lugs of that aircraft.  In fact, the loads suffered to the tail were calculated to have exceeded ultimate load.  

Regarding aircraft #070, the NTSB’s Brian Murphy asked:  “Could you tell me why that fin was not returned to service from the FAA’s point of view?”  In answering the question, Dr. Larry Ilcewicz of the FAA testified, in part, as follows:

“In the case of the 1997 accident, because we had an unknown load level that, as a conservative approximation could have been within one percent of failure; the decision was made that we do not have a database where that tail had been loaded to within one percent of failure and then taken for a lifetime’s worth of load, and so the decision was made to remove it from service.”

The aircraft was taken out of service and the tail was removed permanently.  Regrettably, despite the documented concerns that Airbus expressed in their letter to AA in 1997, and even after a subsequent tailstrike in Montego Bay in December of that year caused millions of dollars of damage, no further inspections were made and this aircraft flew for five years during which time the safety of all passengers and crews was compromised.

When the cracks were finally found using the ultrasound test in March, 2002, Airbus insisted in public statements that the damage was “allowable.”  In fact, their official recommendation was to place the tail—unrepaired—back on the aircraft and return it to service.  

Mr. Hickey, in your letter to us dated April 26, 2002, here is what you said regarding the inspection of that aircraft and the subsequent tail removal.  “Disassembly and voluntary nondestructive inspections of vertical tails have been conducted on specific airplanes suspected of having been subjected to loads in excess of design limit load in the past.  The inspection results have either shown no indication of damage or damage that was well within the acceptable limits for the structures.  The investigation and inspections to date support the current confidence in composite structure and the present certification and maintenance methodologies.”

The discrepancy here is glaring and at this point incomprehensible.  Considering your statement carries with it accountability of the highest order, the pilot community would appreciate a response as to how and why the FAA would consider an aircraft that has exceeded ultimate design load, necessitating that the tail be permanently removed, as being within “acceptable limits”?  Additionally, how does the FAA publicly stand behind the Airbus recommendation made in the spring of 2002 and then have Dr. Ilcewicz testify at a hearing in October 2002 that “we had an unknown load level that, as a conservative approximation could have been within one percent of failure,” and that “the decision was made to remove it from service.”  As pilots who carried passengers and crew on this aircraft, we demand an explanation.  Please be specific in your reply. Yeah, right
During the hearing, Member Goglia asked Dr. Ilcewicz: “How are we going to ensure airworthiness when we can have damages to composites…that remains unseen and we don’t have the ability to determine if 
they’ve gone over a certain threshold?” 


Dr. Ilcewicz responded that  “…the only way that comes is through close communication…with the maintenance people…operations people…so, that if somebody drives a service truck into the side of a composite aircraft…he’s not in a position that he just turns around and walks away without letting people know, so it can be dealt with accordingly.”

Member Goglia responded:  “You kicked over a can of worms with that one.  Given…the state of the airline management today, actually because of their discipline policies, they actually encourage what you just said.  Somebody, especially a baggage…third party provider for services, would take a look at that airplane and say, well, yeah, I hit it but it’s not damaged, and I’m not going to turn myself in and take the punishment.”

Since composites often do not show any surface damage, but may have substantial internal weakness, the above exchange vividly illustrates one of the many variables that critically affect safety when dealing with composites rather than metals.

Simply stated, visual inspections are inappropriate for primary structures made from composites.  Regardless, using any inspection method requires appropriate validation and reliability testing.  As such, we are interested in knowing the answers to these basic questions.

Has Airbus conducted an independent, statistically significant test of the effectiveness of visual inspection for detection of production defects or service-induced damage in composite air frame structures?  If so, what were the results?  If not, would Airbus be interested in participating in an inspection reliability demonstration to test the effectiveness of visual inspection and other nondestructive testing techniques for detection of manufacturing defects and service-induced damage?

How can the FAA certify visual inspections on a once every five year basis when the probability of detection (POD) during such inspections may very well be 25% or less, under the most ideal conditions?  

CERTIFICATION STANDARDS REVIEW

There are some fundamental elements to this crash that stood out even before completing sophisticated analyses.  For example, although such an event has never occurred in over 50 years of commercial aviation; this incident involved a tail made from composite material; a tail attached with a lug and clevis design; a tail that had a major repair; and an aircraft (A310/A300-600) that has had a history of high lateral loading.

Because of these and other observable characteristics, and regardless of the final determinations made specific to this accident, we believe that the NTSB, and most importantly the FAA, should revisit ALL design criteria and certification standards, right down to the basic premises.  This will be no easy task, since secrecy about design, anticipated loading, safety factors, actual loadings, etc. will frustrate any attempt at assessment; not to mention the fact that original wind tunnel test data is apparently no longer available.  However, not to do so leaves a major investigative avenue unexplored and carries with it the obvious risk that a similar event may occur in the future.

Unfortunately, to date, the FAA has given no indication that it sees any problems whatsoever with the existing standards.  Yet testimony by FAA representatives at the public hearing contradicted such a hard-line position.  The FAA has final and complete accountability in all respects as it relates to such standards, and there are a number of areas that have been called into question as a result of this accident.

As recently as March of this year, it was reported by the Wall Street Journal that a blue-ribbon study, prompted by the Alaska Airlines crash in 2000 off the coast of California, strongly criticized the FAA’s current safety oversight efforts.  One section of the WSJ report has particular significance to the previous discussion concerning the use of composites, as well as the tracking of in-service events such as uncommanded rudder malfunctions.  It says the following:

After a year of work and detailed analysis of more than 20 U.S. and foreign accidents, the report found that “there is no reliable process to ensure that assumptions” in designing new models are consistent with “operations and maintenance procedures” subsequently adopted by airlines.  “There is currently no organized program to periodically revisit design safety” criteria so that they “reflect the full range of environments and operations.”

The report reserves some of its strongest criticism for what it calls the FAA’s overlapping and poorly coordinated safety data-collection programs.

“There is no widely accepted process for analyzing service data or events” in order to identify and eliminate potential causes of future accidents, according to the document.

There is a gamut of issues which must be addressed by the FAA, exclusive of any NTSB rulings pertaining to the crash of AA587.  Below are some examples.

Vertical Stabilizer and Rudder Design:  The NTSB has issued a Recommendation Letter regarding rudder usage in relation to existing certification standards. While we believe any and all information that can contribute to pilots’ knowledge of aircraft limitations is important, we caution the NTSB and the FAA on taking the position that such knowledge, coupled with ongoing training, will compensate for potential inadequacies of the current certification standards for the vertical stabilizer and rudder design.

Those close to the investigation have mentioned numerous times that under greater than ultimate load, it would not matter if the tail was composite or aluminum -- either would have separated from the aircraft.  Yet, Boeing recently announced that when their 767 (aluminum tail) was subjected to the exact same loads as the A300-600 (composite tail); its tail would not have come off.  What does this revelation mean to the NTSB and FAA, and how can it be explained to pilots and the flying public?   It appears that perhaps composite material may not be as well-suited for primary structures as is aluminum (note the lack of ductility); or Boeing builds their tails to withstand greater loads; or a combination of both.  According to industry sources, Boeing designs their tails to withstand so called “rudder reversals.”  In fact, the letter that Boeing sent to pilots in May, 2002 in response the NTSB Safety recommendation stated: 

“…Boeing airplane vertical fins can also sustain loads if the rudder is rapidly returned to neutral from the over yaw sideslip or the rudder is fully reversed from a steady state sideslip.” 

Mr. Bernd Rackers, in his testimony, suggested that in designing its tailfins to meet certification standards, Airbus has not provided the same protection against back and forth swings of the rudder.  This point is critical regardless of whether rudder swings are caused by pilot input, systems malfunctions, or a combination of both.  It would hardly be prudent to ignore such a disparity and/or what appears to be a deficiency in certification standards.

As previously mentioned, at this time we do not support the use of composites for primary structures and recommend that such use be discontinued.  However, since there are such applications in use today, and given the unknowns regarding the failure modes of composites, perhaps 1.5LL no longer represents a high enough safety factor when constructing tails from a material that is not well understood.  In our opinion, a more conservative value must be considered.

Rudder Limiter Design:  There is great concern regarding the documented cases of high lateral load events on the A310/A300-600.  Many of these have been partially attributable to rapid movements of the rudder pedals, an action that has not been seen on other aircraft models.  As such, it would appear that the FAA must take action to prohibit variable stop/fixed ratio rudder designs that exhibit heightened sensitivity, such as that currently being used on the A310/A300-600 series aircraft.  

Inspections:  A visual inspection every five years is, in the words of former NTSB Air Safety Chief Bernard Loeb, “a bankrupt notion.”   The “damage tolerance-no growth” approach currently being used by the industry does not adequately ensure the identification of critical damage caused by a variety of known and unknown scenarios.  This was clearly demonstrated during the public hearing.  Aviation demands a level of safety that simply is not being provided by such an infrequent and ill-defined inspection protocol.  The evidence in support of more sophisticated inspections is overwhelming and the FAA must move swiftly to ensure that appropriate NDI is developed.  AK261 eloquently proved that point.
Uncommanded Rudder Anomalies:  These problems are real and disproportionate on A300-600 aircraft.  Given the catastrophic potential of uncommanded rudder swings from side-to-side, such malfunctions cannot be ignored.  Agreed. Check the software against the design for limiting conditions.
Lateral Loading Incidents:  Statistics clearly show a disturbingly greater frequency of high lateral loads on the A310/A300-600 series aircraft.  Unfortunately, it appears that the FAA is satisfied that such regularity does not represent a significant enough problem to address directly the design characteristics of the A300-600.  Once again, we strongly disagree.  We do not believe it appropriate to use a ‘Band-Aid’ approach (e.g., narrowly focused ADs) to lessen the impact of such a critical safety issue.  The existing weaknesses should be addressed and eliminated through the certification process.

Mr. Hickey, in response to our safety report of March 22, 2002 you stated the following:  “Should the AAL 587 accident investigation disclose any shortcomings in transport airplane certification standards, immediate corrective measures will be taken”   To this end, we look forward to swift action on the part of the FAA on some or all of the areas discussed above.

AIRBUS VERSUS BOEING

Direct comparisons of Boeing and Airbus aircraft, including manufacturing and design philosophies, have so far been avoided.  However, it would seem that such comparisons are germane and some of the important ones are enumerated below.

· Boeing, in recognition of the danger of doublets, appears to have used a more robust attachment method for the vertical stabilizer, apparently to withstand the forces which may be created by such a maneuver.  According to media reports, Boeing tested the B767 under the same loads experienced by AA 587 and stated that the tail would not have come off.  (This suggests a more robust design philosophy than that of Airbus.)
· Boeing, does not suggest “alternating sideslips” be performed during Unsafe Landing Gear Indication procedures for later model aircraft.

· Boeing has made a corporate decision to eliminate variable stop/fixed-ratio rudder designs.

· Boeing has been more cautious in the introduction of composite materials for primary structures. 

· Boeing aircraft, by all measures, have not experienced the frequency of high lateral loads as that of Airbus aircraft. 
· Boeing states in the letter to pilots in May, 2002 that “…there has been no catastrophic structural failure of a Boeing airplane due to a pilot control input in over 40 years of commercial operations involving more than 300 million flights.”  
The comparison with Airbus follows:

· Airbus does not take into consideration the danger of inadvertent doublets when designing its vertical stabilizer.

· Airbus, until months after the crash of AA 587, retained in the procedure for Unsafe Landing Gear Indication the recommendation to perform “alternating sideslip” maneuvers without any cautions as to the potential catastrophic effects.

· Airbus has continued to use the variable stop/fixed-ratio rudder design, and increased the sensitivity of said design by approximately 30% for the A300-600 from that of the A300-B2/B4.

· Airbus has moved rapidly to introduce composite materials, even though there have been major, blue ribbon panel studies suggesting that caution be used due to areas of composites that are still not well understood.

· Airbus has had at least 11 incidents in approximately the same number of years where A310/A300-600 aircraft have experienced high lateral loads.  Three of these aircraft actually exceeded ultimate load.  

· Airbus has insisted that an aluminum tail or composite tail would have separated from any aircraft having experienced the same loads as AA 587; this statement is in direct conflict with Boeing’s test data on the B767.

It is this kind of comparison that is important to pilots and the flying public.  Test data obtained in the “laboratory” have far less meaning than what occurs in-service.

CONCLUSION

Although not yet completed, the investigation of AA 587 has already revealed deficiencies in certification standards with regard to wake turbulence phenomena, vertical stabilizer and rudder load limits, certain rudder limiter designs, and inspection methods for composite materials.  Furthermore, a veil of uncertainty now surrounds the use of composite materials for primary structures, lug/clevis attachment methodology, documented, in-service mechanical discrepancies and general man-machine interface issues.  

The NTSB must consider all these factors and more as they relate to the particulars of this accident investigation in hopes of reaching scientifically valid and reliable conclusions.  This is not an easy task given the inadequacy of flight recorder information, the extent to which interpolated data has been used and its potential unreliability, and the lack of availability of basic certification records.  Beyond the specifics of the investigation, both the NTSB and FAA have responsibilities to ensure that such an event never repeats itself.  

In any investigation it is helpful to always keep in mind the most fundamental facts – the basics which need no embellishment, interpolation or sophisticated analysis and yet provide valuable clues.  Numerous essential elements are palpable in the case of AA 587.  For example:

· In 50+ years of commercial aviation, never has a vertical fin separated from an aircraft.

· In 50+ years of commercial aviation, numerous aircraft and crews have had wake encounters, many more severe than that experienced by AA 587.

· In 50+ years of commercial aviation, other pilots most assuredly have inadvertently performed doublets, triplets, etc.; particularly since almost all pilots were previously unaware of the potential catastrophic consequences of such maneuvers.

· This particular aircraft (like the AA 903 accident aircraft) had a severe loading incident/turbulence in 1994.

· This particular vertical fin was manufactured from composite material.

· This particular vertical fin had received a factory repair.

· This particular aircraft model was one of the first to have its tail attached using a lug/clevis design.

· This particular aircraft model has a history of documented uncommanded rudder anomalies.

· This particular aircraft model has a history of high lateral loading events.

· This particular aircraft model has a sensitive rudder control system.

The analyses and actions taken as a result of the catastrophic crash of AA 587 should – and must – act as a paradigm to ensure the safest aviation system in the world.  This will necessitate both the NTSB and FAA stepping forward to make what most assuredly will be “politically unfavorable” decisions, but ones that will directly advance the cause of aviation safety.  The charter of both agencies is clear.  The NTSB was created with such a directive in mind.  The FAA, on the other hand,  was originally envisioned to promote both passenger safety and industry growth; however, in 1996, recognizing the inherent conflict of interest of this dual role, Congress made plain the FAA’s primary mission as that of promoting passenger safety.  Everyone who flies -- pilots, crew and passengers --depends on adherence to this directive.

Unfortunately, over the years, many safety recommendations have been difficult to implement.  The industry looks for cost/risk justification at every turn, and compromises are often the result.  In the last 10-15 years, technological advances have been pushed by manufacturers and airlines alike; not necessarily because safety is dramatically improved, but rather for the purposes of cost savings and product differentiation.  In other words, marketing is more and more driving the industry, not safety.  Unfortunately, the regulatory agencies responsible for ensuring the safety of the flying public do not have the in-house expertise to evaluate many of these new initiatives.  In addition, further dilution of this all-important oversight role occurs due to reciprocity agreements that U.S. agencies have with their counterparts (e.g., JAA, DGAC and BEA) in other countries.

As we stated in our original safety report, “To take a position that any theory, technology, design, certification or product is forever without flaw is an ethos which has no place when public safety is the primary concern.  In the interest of public safety and as a demonstration of corporate responsibility, every organization needs to step forward and work together to ensure that aircraft are built, maintained, and operated in the absolute safest possible manner.  At times, economics and politics must be pushed aside to allow safety to occupy the position of prime importance.”

The NTSB and the FAA, together, are in the position to ensure that our aviation system, and the aircraft that operate within it, remains the safest in the world.  The time is now -- not next year or in five years, or after another accident – to make sure that these safety-related issues have been exhaustively researched and are under control.  This can only be

successfully accomplished by involving objective parties in the discovery and evaluation of any and all pertinent information.  Therefore it is incumbent upon the NTSB and FAA to move swiftly and positively toward addressing the safety gaps which exist today and ensure that necessary oversight is maintained into the future.

Thank you for your time and consideration.  

Sincerely,

Captain Robert Tamburini

Captain Paul Csibrik

Captain Gary Rivenson 

Captain Glenn Schafer

Captain Pete Bruder

Captain Cliff Wilson

First Officer Todd Wissing 

First Officer Jason Goldberg

Reply To:

Captain Robert Tamburini

P.O. Box 949

Bridgehampton, NY 11932

631-537-9079

Fax: 631-537-6755

cc:  NTSB Vice Chairman John A. Hammerschmidt 

       FAA Administrator Marion C. Blakey

       NTSB Board Member Carol J. Carmody

       NTSB Board Member John J. Goglia

       NTSB Board Member George W. Black, Jr.

       Captain John Darrah, President, Allied Pilots Association

       Donald J. Carty, Chairman and CEO, AMR Corp.

       Gerard J. Arpey, President, AMR Corp.

RAND CORPORATION-SAFETY IN THE SKIES

(Partial Extraction)

Increasingly, the NTSB has no choice but to conduct its investigations in the glare of intense media attention and public scrutiny. As commercial air travel has become routine for millions of passengers, major accidents have come to be viewed as nothing short of national catastrophes. At the same time, an NTSB statement of cause may also be nothing short of catastrophic for the airline, aircraft manufacturer, or other entity that may be deemed responsible for a mishap. 

A very real, albeit unintended, consequence of the NTSB’s safety investigation is the assignment of fault or blame for the accident by both the courts and the media. Hundreds of millions of dollars in liability payments, as well as the international competitiveness of some of America’s most influential corporations, rest on the NTSB’s conclusions about the cause of a major accident. This was not the system that was intended by those who supported the creation of an independent investigative authority more than 30 years ago, but it is the environment in which the investigative work of the agency is performed today.

The NTSB relies on teamwork to resolve accidents, naming “parties” to participate in the investigation that include manufacturers; operators; and, by law, the Federal Aviation Administration (FAA). This collaborative arrangement works well under most circum-stances, leveraging NTSB resources and providing critical information relevant to the safety-related purpose of the NTSB investigation. However, the reliability of the party process has always had the potential to be compromised by the fact that the parties most likely to be named to assist in the investigation are also likely to be named defendants in related civil litigation. This inherent conflict of interest may jeopardize, or be perceived to jeopardize, the integrity of the NTSB investigation. Concern about the party process has grown as the potential losses resulting from a major crash, in terms of both liability and corporate reputation, have escalated, along with the importance of NTSB findings to the litigation of air crash cases.  While parties will continue to play an important role in any major accident investigation, the NTSB must augment the party process by tapping additional sources of outside expertise needed to resolve the complex circumstances of a major airplane crash. The NTSB’s own resources and facilities must also be enhanced if the agency’s independence is to be assured.

The NTSB’s ability to lead investigations and to form expert teams is also seriously threatened by a lack of training, equipment, and facilities and by poor control of information.
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UNCOMMANDED RUDDER/YAW DAMPER INCIDENTS

(1) January 1, 1990:  A/C #68 (JFK—STT) Multiple system failures including continuous stick shaker, loss of flight instruments, no landing gear or flap indications, and continuous uncontrollable rudder deflections. Crew deviated to Bermuda using raw data and stand-by instruments. On landing, A/C experienced significant yawing moment that caused it to depart or almost depart the runway.
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(2)  Late1989: On takeoff from AUA, A/C experienced significant yawing to left. Takeoff aborted and A/C departed or almost departed the runway.  First Officer on this flight, who related this incident, is currently LGA-based 777 Captain.

(3)  May, 1995:  Airbus has advised the NTSB that a FedEx Airbus experienced large rudder deflections, but not rudder reversals.  The deflections were the result of a rudder trim/autopilot interaction.
(4)  August, 1996:  Airbus experienced a variety of problems with control.  Event included a stuck throttle at climb power and was accompanied by an apparently unrelated pitot-static problem that caused multiple instrument system failures.  Worthy of note:  computers that may cause uncommanded control inputs receive their airspeed and altitude information through the pitot-static system. (A small static port pressure discrepancy can have a large effect on ADC-sensed airspeed. Those sensed airspeeds control yaw-damper action and rudder ratio limiting - at any one point in time.)
(ASRS #345226)  
(5)  August 7, 1996:  Service Difficulty Report was filed (#199610100087.  A300B4622R.) A/C serial number 743.  N88881.  Flight C1-618.  Rudder Travel Systems 1 and 2 fault.  Rudder travel actuator changed.  ARTF Feel Limiting Computer changed.  309CY1 and 309CY2 Relay changed.  Functional test OK per A300-600R AMM 27-23-00.  Ref. page 51, FAA/King A300 SDR Datarun 12/18/01.  

(6)  September, 1996:  A/C started to shake and yaw with rudder pedal movement shortly after leveling at FL 310.  A/C slowed down and flight characteristics returned to normal.  Emergency declared and overweight landing made at SJU.  ASRS 347914 (page 10)

(7)  August 29, 1998:  AA 2199 (MIA-MEX) Aircraft number not available. Pilot narrative of incident follows:
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"We were dispatched with one yaw damper inoperative.  I do not recall why it was inoperative, or the write-up that necessitated it being inoperative/unusable.  We were climbing out of approximately FL240 when the other yaw damper disengaged.  I was unable to reset it.  I stopped the climb, and as I recall descended to approximately FL220 (the lowest for fuel consideration) to evaluate the possibility of continuing.  I disengaged the autopilot and autothrottles to evaluate flight characteristics.  I encountered a swaying, or oscillation that did not have the classic appearance of Dutch roll.  I made the decision around 50 miles west of RSW to reverse course and return to MIA.  The aircraft was taken out of service at this point.  I did not follow up on the maintenance action taken afterward.  Unfortunately, I do not know the registration of the ship involved."

(8)  October 3, 1999:  SDQ-JFK.  A/C experienced uncommanded "rudder jolt"                   (NTSB #DCA99SA090)

(9)  May 11, 1999:  A/C #82 (BOG – MIA) A/C experienced significant uncommanded rudder inputs on final. (NTSB # DCA99IA058)  FAA issued AD to perform wiring inspections.

(10)  December 22, 2000:  A300F4605R.  Federal Express, N674FE.  At FL 310, A/C began to experience flutter type vibration as cruise power was set.  Auto pilot was engaged/disengaged and vibration continued.  Turned one yaw damper off at time, vibration continued.  When both yaw dampers turned off, vibration stopped.  Ref. page 182, FAA/King A300 SDR Datarun 12/18/01.  No FAA OR NTSB Accident/Incident Reports found.  Service Difficulty Report:  #200101120692

(11)  Unknown month, 27 Jun 2000: Departing LHR experienced what the crew described as "excessive yawing incident" that resulted in the aircraft returning to LHR. (AAIB reference #EW/C2000/6/10 - Category: 1.1)  Investigators still insist that crew encountered only wake turbulence. See http://www.aaib.dft.gov.uk/bulletin/feb01/n14065.htm
(12)  On or about September 6, 2001:  A/C #075 (SJU-EWR) Pilots reported vibration in rudder pedals and “swaying” in climb and cruise.

(13)  November 12, 2001:  A/C #053 (JFK—SDQ).  AA587 results well-documented, investigation ongoing.  Heading changed radically in an extremely rapid fashion in the lateral axis just before the crash.  (NTSB #DCA02MA001)

(14)  November 28, 2001:  A/C #055 (Departing Lima)   Crew experienced uncommanded rudder inputs. Returned to Lima and A/C remained there for approximately 1 week.

(NTSB# DCA02WA011)
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(15)  Early December, 2001:  A/C #054 (approach to MCO) A/C experienced “rudder pulsing”.
(16)  January 17, 2002:  AA 2139, A/C #051 (MIA – CCS)   Crew experienced significant uncommanded rudder inputs on departure climbing through 10,000. While accelerating through 290 knots the pilots experienced "smooth, uncommanded yawing" that caused 2L/2R doors to "buckle and pop".   After slowing to L/D Max, aircraft returned to MIA and made an uneventful landing.

(17)  January 19, 2002:  A/C #051 (MIA – CCS)  Same aircraft, different crew experienced uncommanded rudder inputs after having both FAC and a yaw damper servo actuator replaced the previous night in MIA. The aircraft continued to CCS. It was ferried to back to MIA and then on to TUL.

(18)  January 25, 2002:  A/C #061 (departing SJU).  Crew experienced uncommanded "rudder jolt".  

(19)  January 27, 2002:  A/C #061 (EWR – JFK). Crew experienced an uncommanded "rudder thump or kick" at 50 feet that "moved the whole aircraft 5 or 10 feet from side to side".

 (20)  January 28, 2002:  A/C #061 (JFK – TUL). During the test flight the #1 yaw damper would not reset after tripping.

 (21)  February 1, 2002:  FedEx A300-600 was inspected at a Memphis, Tennessee hangar and was found to have a bent rudder control rod and delamination in the tail. The hydraulic system was pressurized and the rudder was depressed. Mechanics observed oscillation in the rudder and heard a loud "bang" that was described as "a sound like a shotgun".  Rudder oscillations occurred in flight subsequent to a control rod change and maintenance signoff.  

(22)  February 9, 2002:  A/C #080 (SJU – JFK).   On climbout, pilots reported a large, uncommanded yawing motion upon #2 autopilot engagement.

(23)  March 15, 2002:  A/C 058, AA1270 (SJU-EWR) A/C #058

  
      IN THE FLARE WHEN APPLING RIGHT RUDDER THE RUDDER         
      STUCK A LITTLE AND THEN BROKE FREE WHEN ABOUT       
      10 LBS PRESSURE WAS APPLIED.                          
                                                                      
(24)  March 18, 2002:  A/C #061 -- Aircraft fishtails during all phases of flight, especially noticeable during entire climb to cruise altitude.  No feel in pedals but can occasionally see rudder movement on ECAM. This was observed in smooth air.
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Also during approach more than one large abrupt uncommanded rudder input.

(25)  October 28, 2002:  A/C #063, (GYE-MIA) Aircraft suffered uncommanded rudder movements and large altitude excursions while in cruise flight at FL 310. Although incident has been informally attributed to pilot input, DFDR data indicated 20 seconds of continuous rudder inputs uncharacteristic of an inadvertent movement of the rudder pedals.

(26)  December 3, 2002:  A/C #068, AA 647 (JFK-SJU) Aircraft returned to JFK and aircraft taken out of service.  PIREP follows: 

DURING DEPARTURE CLIMB, AIRCRAFT ENCOUNTERED              
TURBULENCE AT ABOUT 300 FEET UP TO ABOUT 1200 FEET,       
AND THE AIRCRAFT YAWED SEVERAL TIMES. AIRCRAFT WAS    
BEING HAND FLOWN, WITH SLATS EXTENDED WITH TAKE OFF      
FLAPS SET. NO RUDDER TRAVEL FAULT INDICATED. NO YAW       
DAMPER DISCONNECTS. AIRCRAFT FLEW NORMALLY ON             
AUTOPILOT AFTER THE EVENT. AIRCRAFT FLEW NORMALLY         
BEING HAND FLOWN. THE AIRCRAFT FELT AS IF IT WAS           PURPOSEFUL YAW INPUTS. NO RUDDER PEDAL MOVEMENT WAS NOTED. AIRSPEEDS WERE ABOUT 200 TO 225 KTS IAS.           

Note:  Initial download of DFDR indicated no record of rudder movements.  Subsequent download revealed over 20 events of lateral g-loads exceeding the .3 g limit established as the criteria for ultrasound inspection of composite materials in the A300 tail. DFDR data was dismissed as spurious.

	Not sure why this one was excluded. I think it’s relevant (i.e. cited by the NTSB itself in the 12th April 2002 NTSB Advisory)

	Singapore A340 Upset 

The Safety Board is interested in another upset event last year involving an Airbus aircraft. On November 25, 2001, a Singapore Airlines A340-300 departed Singapore for a scheduled flight to Dhaka, with 96 persons aboard. Shortly after takeoff, the pilots noticed a problem with airspeed indicators. Among other things, there were overspeed warnings and large rudder movements without pilot input. The aircraft returned to Singapore and made a safe landing; there were no injuries. Inspection subsequently found problems with the pitot and static connections to the air data computers, which may have been introduced during recent maintenance. The Civil Aviation Authority of Singapore is investigating the incident.(12 Apr 02 - NTSB) 1997 Airbus Event Upon re-examination of the data from a 1997 event, the investigation team has determined that another American Airlines Airbus A300-600 (N90070) likely experienced high vertical stabilizer airloads. On May 12, 1997, American Airlines flight 903 was near West Palm Beach, Florida, when it entered a series of pitch, yaw, and roll maneuvers as the flight controls went through a period of oscillations for about 34 seconds, during which the aircraft dropped from 16,000 to 13,000 feet. The Safety Board determined that the probable causes of this incident were the flight crew's failure to maintain adequate airspeed during level-off, which led to an inadvertent stall, and their subsequent failure to use proper stall recovery techniques. (25 Feb 02 - NTSB Rel)
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          POSITION STATEMENT: NEW STRUCTURAL MATERIALS

Foreword:

This statement is restricted to our position relative to the use of any materials in aircraft structure that have essentially zero ductility as indicated by testing of elements in tension or shear.  Primary structures are of greatest concern, especially at mechanical joints having high load concentrations and/or significant stress gradients.

Commercial aircraft have used metal structures, mostly wrought aluminum alloys for over 70 years.  During that time continual refinement has occurred to improve their properties and uniformity, engineering design and application expertise, manufacturing and processing technology, and applicable service and maintenance knowledge.  The quest for improvements in all areas of aircraft performance and production must continue.  However, we are deeply concerned that overly rapid adoption of non-ductile materials, as currently epitomized by composites, will create more unexpected and disastrous consequences. Maybe malleability or plasticity is a more appropriate materials term than ductility (the ability to be hammered thin or drawn into a wire).
In the interest of safety, economy and performance, we urge that the transition from current thoroughly proven materials, to especially those that are non-ductile, proceed most carefully.  This practice has been followed successfully in the past where even relatively minor improvements in aluminum alloys have been adopted only with great caution.  If the materials used in aircraft structures are lacking in or deficient in any one of many essential characteristics, failures will be precipitated regardless of the accuracy of (or refinements in) load determination, better understanding of air turbulence, design refinement and sophistication, manufacturing controls or inspection procedures.

Positions:

1.  We welcome and enthusiastically endorse the use of material technology advances which demonstrably increase the safety, economy and performance of commercial aircraft.  Furthermore, we recognize that advance materials, as currently represented by some forms of available composites, have substantially reduced the weight, and allegedly the cost, to acquire and maintain many tertiary and secondary aircraft structural components.  We do not question such uses.

2.  The trend to extend the use of zero ductility materials (such as composites) into primary structures which are joined mechanically to one another has begun.  At this point, we urge that the FAA dramatically increase its oversight of primary structural design and establish much more rigorous certification analysis and testing for each aircraft model.
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3.  We suggest that the FAA Engineering Staff engaged in oversight and certification be enlarged and upgraded.  This would include hiring more degreed Aircraft Engineers trained and experienced in both airframe loads determination and metal and non-metal materials technology, to include detailed structural analysis, material manufacture, etc.  Future FAA engineers should be extensively trained in fatigue and material degradation for all types of materials utilized in primary aircraft structures including airframe, empennage, landing gear system, and propulsion and related systems.  While FAA Engineering Staff work would be directed at commercial aircraft, coordination with the military and exchange of data should be accomplished to the fullest extent possible.

4.  We observe that the Industry has had such success using metal construction that it has become complacent.  Thus any trend to other materials, especially those lacking ductility, requires that more attention be given to any changes in properties and characteristics from those of the metal with which we have become so comfortable.  This is why position #3 above is so important.  In many past accidents related to aircraft structure, there has been an apparent deficiency in the ability to specify and track degradation and damage that may impair integrity. Thus, we recommend much greater emphasis be placed on this for the future safe utilization of materials in structure. Improved interrogation systems (NDI) must be put in place for detecting degradation or damage well before a critical instability of the structure occurs. In this regard much greater emphasis to the threshold of detection for a given degradation mechanism and NDI method must be undertaken. As well, the probability of detection of damage or degradation of a given type must be emphasized. These issues should be considered even more important for utilization of materials that have more complex degradation modes and also as their ductility and toughness goes down in value.  Furthermore, as it relates to primary structures, we believe damage mechanisms that may occur subsurface in composite materials receive much greater scrutiny.

5.  Finally, we suggest that an industry-wide program be established to develop new, improved materials in both metal and other categories.  We further suggest that ductility be at the top of the list of requirements because it is the single, most important characteristic which allows a material to be “forgiving” and not fail catastrophically.
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                                                        A300-600 PILOTS

P.O. BOX 949

BRIDGEHAMPTON, NY 11932

631-537-9079

May 15, 2002

Mr. John J. Hickey

Director, Aircraft Certification Service

Federal Aviation Administration (FAA)

800 Independence Avenue, S.W.

Washington, D.C. 20591

Dear Mr. Hickey:

We appreciate the FAA’s response to our report dated March 22, 2002.  In your letter, you state that “it is the FAA’s responsibility to investigate all safety issues, regardless of their relationship to an accident.”  You then address the FAA’s certification standards and processes relating to a number of the issues we raised, stating that “investigations and inspections to date support the current confidence in composite structure and the present certification and maintenance methodologies.”  

There were at least two concerns mentioned in our initial report that you did not address.  First, one of the lugs on the tail of AA587 (#053) was repaired at the factory.  This repair and the bolts/rivets drilled through the composite material to secure the doubler can be seen in the accident photos.  What action has the FAA taken, separate from any NTSB analysis of this specific repair, to review the certification and inspection of composite repairs?  It is our understanding that such repairs are extremely difficult to effect, since uneven distribution of loads can occur and composite laminate material can be damaged.

The other concern relates to the integrity of the honeycomb/sandwich rudder and its design.  Again, we understand that the NTSB is evaluating the specific circumstances relating to AA587 and we are preparing a more directed letter to them regarding this issue.  However, as indicated in our March report, Airbus has had significant design and quality control problems with both the rudders and elevators.  The first 80 rudders were replaced in the A310/A300-600R fleets (AD 97-04-07) due to large skin-core disbonding between Aramid layers and carbon fiber skin.  There were some modifications as a result.  There has been a long-term problem with elevator delamination due to water ingress since 1983 with concomitant repair and modification programs.  The same design was incorporated in the A320 fleet with more in-service damage.  Apparently an investigation has been launched and “new materials” are forthcoming – for the A380 program.
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In our report, the fact is brought out that “honeycomb sandwich composite is very strong, but actuators, trim and hinge-mounts should attach to substantial subframes, not just doubler-strenthened areas of composite (perhaps with minor secondary-spar support)”  After compliance with FAA issued AD 2001-23-51, Airbus stated that there were eleven findings that needed repair.  The repairs needed were as follows:

Corrosion of rudder hinge arm (1)

Wear/corrosion on bushing and locking device of rudder hinge (6)

Edge chafing at rib 9/10 in the rudder hinge area (3)

Stringer top flange debonded (1)

Numerous Service Difficulty Reports (SDR) address ongoing problems relating to the rudder in a number of areas that may affect structural integrity and controllability.  Has the FAA reanalyzed the A300-600 rudder design and assembly?  Do rudder panels perhaps have structural softness that has developed over time?  Is the current inspection methodology sufficient to detect degradation of this type?  As previously stated, a more formal discussion of the rudder is being prepared for both the FAA and NTSB, but we thought it important to mention our continued concerns in this regard.

Airbus has obviously continued to gain experience and hopefully will not have similar problems with the A380 fleet.  However, the point here is that after twenty-plus years of composite construction experience, certain areas of composite technology remain somewhat elusive to the manufacturer.  It is worthwhile to keep this in mind as we discuss the issue of inspection protocol for the vertical stabilizer.

Since the almost two months since our report was completed, there has been additional information that has come to our attention which further supports a number of our concerns.  We are in the process of preparing more in-depth responses to specific issues; however we would like to take this opportunity to discuss one in particular -- the need to employ more sophisticated nondestructive inspection (NDI) technology to ensure the immediate and ongoing structural integrity of load-bearing structures, in particular the rudder and vertical stabilizer.

We believe the existing certification standards relating to visual inspections do not sufficiently account for the differences in the properties of composites as compared to metals.  Experts tell us that unlike many metals and their alloys, the resin-based composites experience degradation from fatigue (cyclic loads) and impact (wrenches, hail, etc.) that is subsurface.  Often delaminations due to impact can occur without any surface or visible damage.  Even if there is a barely visible damage (BVD), the delaminations can grow with time leading to catastrophic failure.  Interfacial damage often occurs between layers well interior to the outer surface of the structure which visual inspection simply cannot detect.  The lack of a definitive understanding in critical areas such as failure modes and defect interpretation, propagation and analysis creates unknown risks that do not exist with more mature metal structures.

Enclosure 4b

Your letter states that, “Composite technology has been used for the last 50 years and only a successful track record could account for its proliferation in both military and commercial applications.”  We do not dispute the advantages of the continued use of composites and fully expect that its frequency of use will increase.  However, what concerns us is not what the industry knows about composites, but rather what they do not know.    If composites continue to be used for load-bearing structures, and to an increasingly greater extent, certification standards should provide an increased level of safety to better address inherent risks.  

Since 1992, no less than three detailed studies
 have been conducted by blue-ribbon committees comprised of experts in materials science, nondestructive testing, aircraft structures, etc.  The results of these studies demonstrate that there is much the industry does not know which directly affects the safety equation.

These studies have stated that “sensitivity and reliability of crack detection need an order-of-magnitude improvement.  Nondestructive inspection techniques…are not well developed in comparison for those of metallic structures”…and that “much of the damage…occurs below the surface of the structure and can, therefore, not be detected by visual methods…”  “Visual inspections can be…considerably more subjective than other NDE techniques…therefore improvements in NDE standards and methods are critical…”

One study goes on to say that “major issues that continue to limit the effectiveness of an aircraft maintenance program are poor structural inspection standards, inadequate defect indication interpretation, unreliable inspection techniques” and that “the leadership of the FAA and the continued participation of airline and manufacturers in developing and implementing improved maintenance and inspection methods is crucial.”  The FAA is further charged to “Support…the development of cost-effective, quantitative NDE methodologies for in-service inspection of airframe materials and structures.  And that “particular attention should be given to rapid, wide-area inspection with limited or one-sided access.”

The most recent report, written by NASA in 2001, states that “aerospace structural designs do not have a large factor of safety to accommodate any deleterious structural behavior”…and that “the initiation and growth of material level damage and the failure modes of composite structures are not well understood and cannot be predicted analytically.  In addition, NDE experts should be part of the collaborative engineering team so that inspectability is built into the structural design.”

Enclosure 4c

It appears that some of the significant suggestions and recommendations that came out of these studies have gone unheeded.  For example, caution was urged in the use of composites for load-bearing structures.  Further, failure modes and damage mechanisms are not well understood and visual inspections are unreliable.  Finally, every study recommends that NDE be developed.  The result is that the industry now finds itself in a position of playing catch-up on the development of appropriate NDE inspection technology as applications for load-bearing structures continue to be developed.

The American Society for Nondestructive Testing (ASNT) has reported that the “limitations to visual testing include: detection of only surface discontinuities, the poor and variable resolution of the eye, fatigue of the inspector, distractions, and the high equipment costs of aids for some visual testing.”  J. Steve Cargill, currently the Chairman of ASNT Technical and Education Council and whose area of expertise is Aerospace NDT, stated that when he was at Pratt & Whitney, a study was conducted with cooperation of the US Air Force that showed that “visual inspection through a magnifying borescope to detect fatigue damage in a focused region…achieved no greater mean probability of detection than 30% at virtually any crack length.”  In other words, “statistical reliability tends to be worse than most people expect.”   There is sufficient agreement among many experts that composites are thought to be even more difficult than metal to inspect visually.  Also, a small surface damage (difficult to see) can create a large subsurface defect.  Additionally, defects in composites that are internal (out of sight) can grow to a critical size without ever breaking the surface and this propagation is not well understood.  

The A300-600 vertical stabilizer method of attachment using a lug and clevis poses significant problems when conducting a visual inspection.  A large portion of the lug area, which receives the most stress, is hidden from view.  Therefore, even the best visual inspection will miss some of the most critical areas of stress concentrations.  You indicate that “the vertical fin of the A300-600 was designed …so that damage can be detected by a visual inspection.”  Then, “once visual damage is identified, NDI is employed to measure the extent of the damage.”   How then can portions of the lug be hidden from view and comply with the certificated inspection procedure?  The big point with lug and clevis attachment (in comparison with a large area load-spread via a secondary spar sub-assembly) is that the focal point for lateral overload stresses is a very limited area surrounding each attachment point. I’m not sure that they’ve clearly made that point. And in addition, a metal to metal sub-assembly attachment method would obviate the sort of hidden surprises such as found on a/c 070 (see below).
The geometry of the lug, being much thicker than other parts of the vertical stabilizer, presents a unique problem due to the need to potentially develop multiple methods for valid and reliable ultrasonic inspections.  Therefore, the attachment design of the vertical stabilizer is not conducive to NDE – this appears to be in direct conflict with the NASA study suggesting that “NDE experts should be part of the collaborative engineering team so that inspectability is built into the structural design.”   Mr. Cargill suggests that “a well-developed and demonstrated ultrasonic test or thermal wave inspection” as being the best way to perform inspections of these tail structures, and other experts agree with him.

Enclosure 4d

Recently, Airbus and American Airlines, in conjunction with the NTSB and FAA, identified three AA aircraft that had experienced significant lateral loads.  The tails of these aircraft were removed and subjected to ultrasonic inspections.  One of three aircraft (#070) was found to have significant surface damage on one of its attachment lugs, similar to that found on the aircraft involved in the AA587 accident.   It is important to note that part of this damage was on the surface, but remained hidden because of the attachment arrangement of the lug and clevis.  No one can say definitively when this damage occurred.  For example, it could have occurred when Airbus attached the tail in the factory.  The only thing we know for sure is that NDI detected the damage, and at least two previous visual inspections on this aircraft did not.

There are some other interesting points to this conundrum.  Since there is agreement that appropriate NDI technology is difficult to develop for the A300-600 tail due to the geometry of the composite lug, then how was Airbus able to develop and perform accurate inspections of the three aircraft selected for more in-depth analysis?  Were the data and its interpretation precise, and were all areas of potential critical damage detected?  Your letter states that “inspection results have either shown no indication of damage or damage that was well within the acceptable limits for the structure.  Our understanding is that the damaged lug was as much as 10-15% weaker than an undamaged lug.  Pilots do not routinely takeoff and land with 10-15% of usable runway behind, and we do not consider it acceptable to fly aircraft whose structural integrity has lost a similar factor of safety.  Since the damage was not visible and was detected by NDI, what would the strength of that lug have been in another 30 days, or 3 years for that matter?  Also, although damage was found on only one lug, similar damage could have been present on two or all six lugs and still have been undetected by visual inspection.  In such a situation, would the lug assembly remain “within acceptable limits?”  If so, would you cite the section of FAR Part 25 which allows for continued flight in such a condition, since it appears that such a damaged lug(s) must therefore meet certification requirements?

While many have called for the removal and inspection of all tails, the FAA, Airbus and AA have stated that they do not support such action because of the potential of damage to the tail.  Recently, AA stated that this “process carries substantial risk that the attach points could be damaged, particularly during replacement where any damage would then be hidden.”  Yet Airbus has stated time and time again that damage is only a problem when detected visually – if hidden, but not visible, no problem.  This most recent statement by AA appears to contradict those made previously, and supports the position that NDI is the only way to detect critical, hidden damage.

Another less obvious benefit for developing an ongoing valid and reliable NDI is that it would be an excellent quality control check to ensure that damage did not occur when the tail was attached during manufacture.  We mentioned in our original report that Swissair conducted independent NDIs on six new A330s and found delamination between the

Enclosure 4e

tailfin ribs and the outer surface.  An Airworthiness Directive mandated repairs and the work was performed under warranty by Airbus.   

There are many experts who strongly disagree with the certification standard as it was written in the late 1980s.  Also, pilot groups such as The Coalition of Airlines Pilots Associations (CAPA) and the unions at FedEx and UPS have all publicly called for inspection of the A310/A300-600 fleet using sophisticated NDI.  CAPA represents more than 20,000 pilots flying for five air carriers, including the Allied Pilots Association (American Airlines).

Professor James H. Williams, Jr., founder of the Composite Materials and Nondestructive Evaluation Laboratory in MIT’s Mechanical Engineering Department has dedicated the bulk of the past 30 years of his research career to the mechanics, design, fabrication and NDE of nonmetallic fiber-reinforced composite materials – the same type of materials of which the Airbus A300-600 vertical stabilizer is made.  He states Airbus’ policy that “damage that cannot be seen with the unaided eye will not compromise its structural integrity…is a lamentably naïve policy.”  

Why has the industry been so resistant to change?  There are two reasons:  First, developing appropriate technology for the design being used has proven difficult if one wants to obtain useful data.  For example, the fin of the A300-600, because of varying thickness, may require more than one NDI technology to obtain valid and reliable results.  Second, composite R&D and manufacturing is expensive.  Cost savings must be generated in a number of areas to make its use feasible.  One area is fuel savings because of the lighter weights of these structures.  Another is the significant savings from not developing or using NDE technology.  Therefore it is not surprising that manufacturers and airlines support the status quo.  The industry is now focusing on embedded sensors for NDE purposes, but this technology has met resistance as well. 

Many experts believe that flaws will propagate within composite structures.  Many experts believe delaminations can occur due to impact without any surface or visible damage.  Many experts believe that visual inspections are inadequate.  In other words, many experts disagree with the inspection philosophy of Airbus and the existing certification standards.  Using visual inspections to ensure the structural integrity of load-bearing structures is tantamount to using a square peg to fill a round hole.  Given the expected use of composites in next generation aircraft such as the A380, the time is now to establish a thorough and responsible inspection protocol that recognizes the unique properties of composites and the risks associated with their use in primary structures.

Enclosure 4f

Mr. Hickey, you correctly state that the “safety of the flying public is the FAA’s highest priority.” 
  Therefore, the FAA must ensure that the public is not exposed to undue risk, irrespective of any concern for the continued growth of the airline industry.  The FAA, like the NTSB, takes its responsibility seriously.  However, like the NTSB, it has limited resources and must rely, in part, on manufacturers for expertise and data to assist in making these important certification decisions.  Predictions as to in-service performance require certain assumptions about design, load analyses and damage tolerance.  What may have been appropriate in the late 1980s, during a dual-mandated FAA and at earlier stages of composite usage, may no longer be applicable.

We are encouraged by your comment that “we need to continue to work closely to maintain the high safety standard that exists today.”  Toward that end, we appreciate your efforts in responding to some of our concerns.  However, at this time we must reiterate our position that all the A300-600 fleet receive baseline NDI within a ninety day period and that an ongoing, scheduled inspection protocol be established.  This is the only way that the structural integrity of these aircraft can be reliably monitored.

Sincerely,

Captain Robert Tamburini

Captain Paul Csibrik

Captain Gary Rivenson 

Captain Glenn Schafer

Captain Pete Bruder

Captain Cliff Wilson

First Officer Todd Wissing 

First Officer Jason Goldberg

cc:  Jane F. Garvey, Administrator, Federal Aviation Administration

      Marion C. Blakey, Chairman, National Transportation Safety Board

Reply To:

Captain Robert Tamburini

P.O. Box 949

Bridgehampton, NY 11932

631-537-9079

Fax: 631-537-6755
Enclosure 4g

� Aeronautical Technologies for the Twenty-First Century, Committee on Aeronautical Technologies, National Research Council (314 pages, 1992); New Materials for Next-Generation Commercial Transports, Committee on New Materials for Advanced Civil Aircraft, National Research Council (98 pages, 1996); An Assessment of the State-of-the-Art in the Design and Manufacture of Large Composite Structures for Aerospace Vehicles, Charles E. Harris and Mark J. Shuart, NASA Langley Research Center (March, 2001)





� Prior to 1996, the FAA had the dual mandate to promote air commerce and regulate the airline industry.  Since there was a concern as to the conflict of interest inherent in these two roles, legislation was enacted into law which repealed the FAA’s legal mandate to promote the growth of the airline industry and made clear the FAA’s primary mission to promote passenger safety.  This was again echoed in the Homeland Security Bill recently passed which supported the premise that cost/safety analyses have no place when passenger safety is at risk.
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